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SOMMARIO 
 

Introduzione: Nonostante i progressi nella gestione clinica e chirurgica, 

l’incidenza di complicanze dopo chirurgia pancreatica rimane ancora alta 

(attestandosi attorno al 40-50%). 

La morbilità postoperatoria può associarsi ad un prolungamento della degenza 

ospedaliera, ad un incremento della mortalità postoperatoria, ad un peggioramento 

della qualità di vita, ad un incremento dei costi ospedalieri ed infine anche ad un 

peggioramento degli esiti oncologici anche in conseguenza di un ritardo 

nell’erogazione della chemioterapia adiuvante.  

Numerosi studi hanno indagato il rischio di sviluppare complicanze postoperatorie 

e sono stati elaborati differenti score predittivi per stratificare i pazienti in virtù del 

rischio di morbidità e mortalità postoperatoria. Tuttavia, questi score predittivi sono 

stati sviluppati mediante la statistica tradizionale che si basa su interazioni lineari 

tra variabili, contrariamente alle comorbidità e alle variabili che, nella pratica 

clinica, possono interagire tra loro anche in modalità differenti da quella lineare.  

Al contrario, l’intelligenza artificiale e l’apprendimento automatico, grazie alla 

combinazione di un vasto numero di variabili in una interazione non lineare, può 

essere superiore alla statistica tradizionale nel predire gli esiti postoperatori. 

Lo scopo principale del nostro studio è stato quello di indagare, mediante 

l’intelligenza artificiale, le variabili preoperatorie che possono predire lo sviluppo 

di complicanze postoperatorie dopo duodenocefalopancreasectomia (DCP) per 

patologia benigna e maligna e sviluppare un calcolatore in grado di definire per 

ciascun paziente il rischio reale di sviluppare almeno una complicanza 

postoperatoria dopo DCP. 

Materiali e Metodi: nello studio sono stati inclusi 496 pazienti che sono stati 

sottoposti a DCP per patologia benigna e maligna presso il dipartimento di chirurgia 

epatobiliopancreatica dell’Ospedale Pederzoli (Peschiera del Garda, Verona) tra il 

2011 ed il 2022. 

È stato sviluppato un modello mediante il metodo della foresta casuale “random 

forest” per predire il rischio di sviluppare almeno una complicanza postoperatoria 
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dopo DCP. La popolazione dello studio è stata suddivisa in una coorte di 

addestramento (80%) ed una coorte di validazione (20%). 

Risultati: il modello è risultato valido sia nella coorte di addestramento (AUC= 

0.87) che nella coorte di validazione (AUC=0.72). Le dodici variabili più influenti 

sono risultate: il dotto pancreatico dilatato, la perdita di peso superiore al 10% prima 

della chirurgia, la diagnosi di lesione cistica, il diabete, la pregressa chirurgia 

addominale, il livello sierico preoperatorio di CA 19.9, gli elevati livelli di 

bilirubina, la chemioterapia neoadiuvante, i dotti biliari dilatati, lo score ASA, 

l’approccio chirurgico e le diagnosi classificate come “altre” (GIST, groove 

pancreatitis, tumori duodenali). 

Sulla base dell'algoritmo è stato sviluppato un calcolatore chiamato "PanRisk 

Calculator", disponibile online e facile da usare nella pratica clinica quotidiana. 

Conclusioni: la predizione mediante intelligenza artificiale dello sviluppo di 

complicanze postoperatorie può contribuire a migliorare il planning preoperatorio, 

mettere in atto strategie postoperatorie di mitigazione delle complicanze e di 

conseguenza a migliorare gli esiti postoperatori.  
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ABSTRACT 

 
Introduction: Despite advances in medical management, the incidence of 

complications after pancreatic surgery remains still high (between 40% to 50%). 

Morbidity could lead to a longer length of hospital stay, higher mortality, worse 

quality of life, higher hospital cost, and finally worsen oncologic outcome also in 

consequence of delay of adjuvant therapy.  

Several studies have tried to investigate the preoperative risk of surgical 

complication and a lot of predictive scores have been proposed to stratify a patient’s 

risk of postoperative morbidity and mortality; however, this predictive score has 

been developed with standard statistical methods, considering that the variables 

interact in a linear and additive fashion linear while the interaction of comorbidities 

and markers of disease could be different from linear. 

Conversely, machine learning, thanks to the combination of a vast number of 

variables in a non-linear way, may be superior to the standard statistical methods 

currently used by clinicians to predict the postoperative outcome. 

Our primary end point was to investigate through artificial intelligence the 

preoperative fields that could affect postoperative outcome after 

pancreaticoduodenectomy for benign and malignant disease and develop a 

calculator that can define the real risk of any postoperative complication for each 

patient candidate to pancreaticoduodenectomy.  

Material and methods: 496 patients who underwent pancreaticoduodenectomy for 

benign and malignant tumors between 2011 and 2022 at the Department of Hepato-

pancreatobiliary Surgery, Pederzoli Hospital (Peschiera del Garda, Verona) were 

retrospectively collected from a prospectively maintained database.  

A random forest model was developed to predict the risk of any postoperative 

complication after pancreaticoduodenectomy. The study population has been 

divided in training cohort (80%) and a testing cohort (20%). 

Results: The primary model evaluation metric was the area under the receiver 

operating characteristic curve (ROC-AUC) that was good as for training cohort 

(AUC= 0.87) as for testing cohort (AUC=0.72). The twelve most influential 

variables were dilated pancreatic duct, weight loss >10% prior to surgery, diagnosis 
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of cystic lesion, diabetes, previous abdominal surgery, preoperative CA 19.9 serum 

level, high bilirubin level, preoperative chemotherapy, dilated bile duct, ASA 

Score, Surgical Approach and “Other diagnosis” (GIST, groove pancreatitis, 

duodenal tumor). 

A calculator called "PanRisk Calculator" has been developed based on the 

algorithm, which is available online and it is easy to use in daily clinical practice.  

Conclusion: Preoperative machine learning prediction of the development of any 

postoperative complication may improve preoperative planning, postoperative 

mitigation strategy, and, subsequently, patient outcomes. 
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INTRODUCTION 

 
Pancreatic surgery remains among the most complex general surgical procedures.  

Advances in medical management, improvements in patients’ selection, as well as 

centralization of high-risk operation at high-volume hospitals have allowed a 

reduction in postoperative mortality, although the incidence of complications after 

pancreatic surgery remains still high (between 40% to 50%).(1-4) 

Postoperative pancreatic fistula (POPF) and delayed gastric emptying (DGE) are 

the two most common, high-impact complications after 

pancreatoduodenectomy.(5, 6) 

Postoperative complications are deleterious events for patients, impacting length of 

hospital stay (LOS) and perioperative mortality, reducing patient’s quality of life, 

as well as increasing hospital costs.(4, 7-11) 

Moreover, among patients with cancer, the occurrence of postoperative 

complication has been correlated with a worse recurrence free survival and worse 

overall survival.  

In addition, the development of complication after surgery in cancer patients could 

cause an omission or delays in adjuvant chemotherapy following surgery. A study 

of American College of Surgeons National Surgical Quality Improvement Program 

(ACS NSQIP) and the National Cancer Data Base (NCDB), collecting 2047 

patients from 149 hospitals who underwent resection for stage I-III pancreatic 

adenocarcinoma showed a 23.2% rate of at least one serious complication. 

Moreover, the rate of adjuvant chemotherapy among patients free from 

complication was higher (61.8%) than among those who experienced a serious 

complication (43.6%) which can lead to a delay in adjuvant treatment 

administration (OR = 2.08, 95% CI: 1.42-3.05). (12) 

The causes of complications after surgery are multifactorial with many studies 

reporting patient-, disease-, and even social- specific factors that influence the risk 

of morbidity. (4, 13-17) Furthermore, it is frequently observed in clinical practice 

that when multiple risk factors are present simultaneously in the same patient, their 

effects can be synergistic, significantly increasing the likelihood of complications 

(18-20). Some of risk factor for the development of postoperative complications 
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after pancreaticoduodenectomy commonly described in the literature may involve 

patient comorbidities already present preoperatively, such as malnutrition, 

cardiovascular disease or smoking, whereas others are typically disease-related and 

become evident intraoperatively, such as soft pancreatic texture, small pancreatic 

duct diameter, or adverse events as bleeding. Some other depends on surgical 

techniques or medical management. (i.e. type of pancreatic reconstruction, hospital 

and surgeon volume, nurse practice).(21) 

Most efforts have been concentrated on managing complications once they have 

occurred postoperatively although anticipation of potentially severe complications 

and early detection of patients at risk represent another valuable strategy.  

Both patients and clinicians would benefit from an accurate prediction of 

postoperative complication.(22) Accurately predicting the risk of a postoperative 

complication in the preoperative setting would allow an adequate selection of the 

patient before surgery and could drive the decision-making process by determining 

the necessary level of vigilance in the postoperative period favoring early 

interventions.(22, 23) 

Moreover, considering that pancreatic cancer incidence is increasing in many 

western countries, older patient also undergo surgery, and, luckily, oncological 

treatments become increasingly available, make it of greatest importance to 

effectively decrease postoperative morbidity.(21, 24, 25) 

As a result, in the literature there has been a growing interest in the prediction, 

prevention and management of postoperative complications after pancreatic 

surgery and several studies have tried to investigate the patients preoperative risk 

of surgical short-term outcome.(8, 12) 

 

Traditional risk calculator 

The need to stratify the risk and predict complications based on pre-surgical data 

have been extensively investigated. 

The ASA (American Society of Anesthesiologists) score, one of the first and known 

worldwide, is an anesthesiologic risk classification based on a score assigned by a 

clinician following the subjective assessment of a patient's preoperative health.(26) 

Despite its wide variability determined by the subjectivity of the scoring, and 
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despite being related only to the patient's health status before surgery, it remains the 

most used tool for preoperative risk assessment among anesthesiologists.(27) 

The ACS NSQIP (American College of Surgeon National Surgical Quality 

Improvement Program) risk score was proposed to predict patient specific risks of 

developing eight surgical complications occurring in the thirty postoperative days 

for more than 2500 surgical procedures. This score was developed using the ACS-

NSQIP database including more than 20 preoperative variables (patient 

demographics and comorbidities) about over 4.3 million operations from 780 

hospitals in the USA participating in ACS-NSQIP from 2013 to 2017.  

This model showed a good performance in validation studies (c statistics = 0.81–

0.94), while the use in clinical practice is limited by the amount of data 

required.(28) 

Over the years, a lot of specific predictive scores have been developed with standard 

statistical methods to stratify a patient’s risk of postoperative morbidity and 

mortality after pancreatic surgery.(21, 29-43). 

Most risk scores try to predict the risk of postoperative pancreatic fistula (POPF), 

which is the most frequent and the most feared complication following pancreatic 

resection. 

Some authors suggest that the estimation of the risk of developing POPF rely on 

parameters collected intraoperatively including, for example, the pancreatic gland 

texture, the diameter of pancreatic duct, blood loss and pathology while some others 

considered also preoperative data such as CT evaluation of Wirsung duct diameter 

and the BMI. (30, 33, 44) 

The validated Fistula Risk Score (FRS) by Callery et al. predicts POPF based on 

gland texture, pancreatic duct diameter, intraoperative blood loss and pathology. 

This is a 10-point risk score where patients with scores of 0 point never showed 

POPF, while other patients showed an increasing risk of POPF depending on score 

(low risk:1 to 2 points; intermediate risk:3 to 6 points; high risk:7 to 10 points).(30) 

Despite the FRS is the most cited and best used POPF prediction model, a modified 

version has been proposed considering that intraoperative blood loss was found to 

be not significant in two recent external validation studies and it is often a missing 

field in big database. (45, 46) 
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In light of this, Mungroop et colleagues proposed an alternative FRS (a-FRS) using 

two databases for the model development [Dutch Pancreatic Cancer Audit (18 

centers) and the University Hospital Southampton NHS] and other two databases 

for validation (University Hospital of Verona and University Hospital of 

Pennsylvania). The resulting “alternative FRS” (a-FRS) included 3 easily available 

variables (pancreatic texture, duct diameter, BMI) as predictor of POPF after 

pancreatoduodenectomy. The AUC after external validation was adequate (AUC= 

0.78, 95% CI 0.74-0.82)(37) 

Successively, the alternative FRS was updated (ua-FRS) including also sex male as 

risk factor and was validated in 952 patients who underwent 

pancreaticoduodenectomy with minimally invasive approach (MIPD) in 26 

European hospitals, confirming a good discrimination in detecting POPF (AUC = 

0.75, 95% CI 0.71–0.79).(41) 

Moreover, Petrova et al. conducted a retrospective study on predictive model for 

POPF, using data from the German Pancreatic Surgery Registry (StuDoQ 

Pancreas). Among 2488 patients included in the analysis, 1671 (67.2%) were 

assigned to the training set and 817 (32.8%) to the test set. The optimal predictors 

selected for the model were texture of the pancreatic parenchyma (soft versus hard), 

BMI, pancreatic ductal adenocarcinoma and operation time. The AUC was 0.70 

(95% CI 0.69-0.70) in the training and 0.65 (95% CI 0.64-0.66) in the validation 

set.(47) 

Similarly, Chen et al. in a study on 921 consecutive patients who underwent PD 

between 2008 and 2013 proposed a scoring system based on a logistic regression 

model including body mass index, gland texture, the difference between the blood 

loss and transfusion and the pancreatic duct diameter.(34) 

Differently, other reports proposed a risk score for development of clinically 

relevant POPF including only preoperative fields.  

Yamamoto et colleagues proposed a risk score strictly based on 5 preoperative 

characteristics of the patient and the pancreatic cancer: main pancreatic duct index 

(defined as the ratio of the diameter of MPD to the diameter of the short axis of the 

pancreatic body), proximity of pancreatic lesion from portal vein on computed 

tomography, type of pancreatic disease, sex, and intra-abdominal thickness. This 
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scoring system, proved to have good discrimination ability in prediction of POPF 

in the validation group having a ROC with AUC =0.810.(48) 

Roberts et al., in a study on 325 patients who underwent pancreaticoduodenectomy 

randomly divided into two group (“modelling set” and “validation set”) with a 2:1 

ratio elaborated and validated a risk model for POPF including BMI and pancreatic 

duct width at preoperative CT scan as risk factor.(33) 

Pancreatic texture results among the main element cited as risk factor for POPF in 

predictive risk model even though its evaluation is performed by the surgeon 

intraoperatively and therefore is subject to a certain individual variability. 

In order to preoperatively assess the risk of soft pancreatic texture, Casadei et al., 

in a retrospective study on 208 patients who underwent pancreatic resection at 

S.Orsola-Hospital in Bologna, proposed three clinical fields (BMI, Wirsung duct 

size and coexisting periampullary diseases) as risk factors predictive of soft 

pancreas using the POPF rate as validating factors.(49). 

Knowing preoperatively the extent of the postoperative risk can help the surgeon to 

better plan the therapeutic process and in case of confirmed indication for surgery 

can predispose to the implementation of mitigation strategies. 

A recent study investigated the true predictive accuracy and generalizability of 14 

risk models reported in the literature using a validation cohort that consisted of 1358 

patients who underwent pancreatoduodenectomy in the Netherlands between 2018 

and 2019, of which 341 (25%) developed a POPF. This study demonstrated that 

none of the 14 published fistula risk models seem to perform well in a large, 

nationwide, unselected prospective patient cohort. In line with previous 

retrospective validation studies, the highest AUC of this validation cohort (AUC= 

0.70) was lower than that reported by the original studies.(50-56). 

Nevertheless, the poor performance of traditional studies, combined with the wide 

variety of available risk models and the lack of standardization, makes their 

application in clinical practice challenging.(50, 57)  
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Role of Artificial intelligence in preoperative risk assessment 

An upcoming technique to develop novel prediction models is machine learning 

modeling using artificial intelligence (AI). 

Machine-learning techniques have been gaining popularity in the field of prediction 

of postoperative complications as a more comprehensive, “non-linear”, and 

accurate method to predict patient outcomes.(58) 

Among the most widespread AI systems in predicting short-term postoperative 

outcome there are clinical data analysis systems and those for extrapolating data 

from the analysis of radiological images. 

 

Clinical data analysis to predict outcome with artificial intelligence (AI) 

A lot of studies have proposed risk model developed through the analysis of 

perioperative clinical data with artificial intelligence. 

Bihorac et al. developed a machine learning (ML) algorithm (MySurgeryRisk) 

using single-center cohort of more than fifty thousand patients undergoing major 

surgery for predict the risk of postoperative complication and death. The algorithm  

uses existing clinical data in electronic health records to estimate the risk of 

developing one of eight major postoperative complications (acute kidney injury, 

sepsis, venous thromboembolism, intensive care unit admission > 48 hours, 

mechanical ventilation > 48 hours, wound, neurologic and cardiovascular 

complications) with AUC values ranging between 0.82 and 0.94 (99% CI 0.81– 

0.94), and death up to 24 months after surgery, with AUC values ranging between 

0.77 and 0.83 (99% CI 0.76–0.85).(59) 

Merath et al., using data from the ACS-NSQIP database about 15,657 patients who 

underwent hepatopancreatic (HP) and colorectal surgery between 2014 and 2016 

developed a decision-tree learning algorithm to predict any 30-day postoperative 

complication as well as seventeen specific postoperative outcomes [incidence of 

superficial surgical site infection (SSI), deep incisional SSI, pulmonary embolism, 

organ space SSI, sepsis, wound dehiscence, urinary tract infection, deep vein 

thrombosis, myocardial infarction, pneumonia, unplanned intubation, stroke, 

cardiac arrest, septic shock, bleeding requiring transfusion, progressive renal 

insufficiency, and use of ventilator for > 48 h].This algorithm showed  a good 
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predictive ability for the occurrence of any complication, with a c-statistic of 0.74 

and a very high accuracy in predicting occurrence of specific 30-day postoperative 

complications (c-statistic range from 0.76 to 0.98).(60) 

Han et al. proposed a ML algorithms developed through random forest (RF) and a 

neural network (NN) with or without recursive feature elimination (RFE) using 

preoperative and intraoperative data from 1769 patients who underwent 

pancreaticoduodenectomy at a single institution.  This algorithm found 16 risk 

factors for POPF. According to the proposed risk factors, it is possible to 

individualize 3 macro-groups of risk: the technically challenging group, the 

intraoperative volume status–related group, and poor general condition group. In 

detail, the technically demanding group include factor potential difficulty in 

reconstructing the pancreatic-enteric anastomosis such as soft pancreas, small 

pancreatic duct, extra pancreatic absence of preoperative pancreatitis or low lipase 

level, absence of preoperative endoscopic biliary decompression, absence of 

neoadjuvant radiotherapy, and high BMI); the risk factors in the intraoperative 

volume status–related group include causes of dehiscence of the pancreatic enteric 

anastomosis in consequence of oedema and ischemia (large intraoperative fluid 

administration, concomitant portal vein-superior mesenteric vein resection, and low 

platelet count) and finally the poor general condition group include the presence of 

comorbidity and poor nutritional status (old age, underlying heart disease, low 

preoperative serum albumin level, and low ASA score). This algorithm showed a 

maximum AUC of 0.74.(61) 

Sahara et al., developed a machine learning model to estimate the risk of 

“unpredicted death” (UD) among patients undergoing hepatopancreatic (HP) with 

a low estimated morbidity and mortality risk based on the NSQIP estimated 

probability (EP).  

According to this decision tree model, patients age was noted to be the most 

important factor to predict UD after pancreatectomy, followed by preoperative 

albumin level, vascular resection and bleeding disorder. The model accuracy in 

prediction of UD after hepatopancreatic surgery among “low risk patients” of 

NSQIP EP was good with an AUC 0.807 compared with an AUC of only 0.662 for 

the NSQIP EP (p<0.001).(62) 
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Preoperative imaging analysis to predict outcome with AI  

AI has been also used for recognizing important features of pancreatic texture 

associated with an increased risk of POPF based on preoperative computed 

tomography.  

Kambakamba et al. examined preoperative CT scan of 110 patients from a single 

institution and found that machine learning-based CT analysis provided an accurate 

prediction of the occurrence of clinically relevant POPF through pancreatic texture 

analysis (AUC= 0.95).(63) 

Mu et colleagues, generated a deep-learning score (DLS) through a neural network 

able to identify the patients with higher risk of CR-POPF preoperatively using CT 

scan images. This score was firstly externally tested in a single center prospective 

cohort and successively was apply in a group of 513 patients underwent 

pancreaticoduodenectomy at three institutions which formed a training (70%) and 

a validation cohort (30%) randomly. The deep learning score offered significantly 

greater predictability compared to FRS in training (0.85 vs 0.78 in AUC, 

respectively), validation (0.81 vs 0.76 in AUC, respectively) and test (0.89 vs 0.73 

in AUC, respectively) cohorts.  

In particular, the DLS showed a higher accuracy in detecting patients with 

intermediate risk of POPF (FRS 3-6) when compared to FRS (test: 92.1% vs 65.8%, 

respectively) thanks to the ability of identify histo-morphological features related 

to pancreatic duct, parenchymal fibrosis, and remnant pancreatic tissue volume.(64) 

 

Artificial intelligence or Standard statistical analysis: pros and cons 

Most of traditional models are elaborated on logistic regression method, which is 

based on a linear correlation between independent and dependent variables. 

According to the traditional logistic regression method the probability of an 

outcome is related to a certain number of predictors.  

These models have some advantages, including the fact that they are easy to use 

and to understand even in relation to the small number of input variables generally 

involved. Among limitations, there is that, in the real life, the interaction between 

comorbidities and risk factors can be different from linear and some variables can 
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vary their "weight" in terms of risk factors for the development of complications 

based on the presence/absence of other variables.(56) 

Likewise, the number of variables that can interact within a linear logistic 

regression model is limited and this necessarily leads to an approach bias. 

In addition, the predictors included in the standard statistical study are usually 

chosen using backward selection, and this technique prevents a variable from being 

reinserted once it has been eliminated.(65, 66) 

Moreover, most of the available risk models that have been developed with standard 

statistical analysis use the same key risk factors, but with different cutoff values and 

this makes these models non-standardized and very heterogeneous.  

Machine learning algorithms are increasingly promoted as they are less related to 

the above-mentioned problems.(67-69) 

Nowadays, large amounts of data are available and incorporating all this 

information in clinical practice could be not so easy, however machine learning 

algorithms incorporate more variables than logistic regression and can detect non-

linear relationships between independent and dependent variables.(70-72) 

Artificial intelligence processes more information than traditional methods, and this 

can improve medical decision-making. The number of data that can be processed 

concerns both the size of the sample of patients but also the number of variables. 

(73, 74) 

Moreover, thanks to a series of complex interactions between variables, machine 

learning can identify latent variables deduced from the interaction with other 

variables related to outcome; this can be an added value, especially in the context 

of the discovery of new risk factors for complications feared by clinicians such as 

POPF in pancreatic surgery.(56, 61) 

AI can offer a more personalized medicine. In fact, AI provide, through the 

integration of details and large numbers of medical fields, recommendations 

tailored to patient specific characteristics, moving from population-level to patient-

level of evidence.  

Regarding the limitation, however, every AI system requires data to train on and 

perform its algorithm.  To train efficient models, AI system need high-quality and 

often large datasets. 
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Second come the so-called black-box phenomenon, meaning that the models, and 

the interaction between variables, are not always interpretable and easy to 

discriminate for humans.(65, 71, 75) AI indeed can lack of transparency (that means 

the knowledge of the code of the algorithm and the data it was trained on), 

explainability (the comprehension of how the model produces the output troughs 

the input) and finally the interpretability (the ability of humans to understand the 

cause of a decision and to predict the model result).(76-78) 

The "black box" nature of AI could present challenges in integrating its outputs into 

the complex clinical context or aligning them with existing scientific knowledge, 

particularly when aiming to drive new scientific discoveries. 

Additionally, AI models are prone to overfitting, a phenomenon where the model 

becomes overly tailored to the training dataset, limiting its ability to generalize to 

new data. 
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MATERIAL AND METHOD 

 

Patient population and study variables  

Patients who underwent pancreaticoduodenectomy (open and robotic) for benign 

and malignant (primary or secondary) tumors between 2011 and 2022 at the 

Department of Hepato-pancreatobiliary Surgery, Pederzoli Hospital (Peschiera del 

Garda, Verona) were retrospectively collected from a prospectively maintained 

database. 

Patient whit missing data about preoperative or postoperative outcome categorical 

variables and patients who underwent emergent surgery were excluded from the 

analysis.  

Data on preoperative, intraoperative, and postoperative outcomes has been 

collected.  

In detail, patient demographic and clinicopathologic characteristics included age, 

sex, body mass index (BMI), smoking and weight loss >10% prior to surgery. 

Patient operative risk will be estimated using the American Society of 

Anesthesiologists physical status classification system (ASA score).(79) 

Regarding comorbidities, those of interest will be Diabetes mellitus, Chronic 

obstructive pulmonary disease (COPD), Heart disease, Hypertension, Chronic 

Renal Failure (CRF) or dialysis. 

Preoperative albumin, prealbumin, and bilirubin serum level before surgery has 

been included in the analysis. Moreover, history of previous abdominal surgery and 

data regarding the eventuality and the type of biliary stent placement [Percutaneous 

Transhepatic Biliary Drainage (PTBD) or Endoscopic biliary drainage, (EBD)] 

have been collected. 

The type of lesion has been classified as Solid [pancreatic ductal adenocarcinoma 

(PDAC), cholangiocarcinoma (CCC), periampullary tumor, kidney metastasis, 

pseudopapillary tumor and endocrine tumor], Cystic (IPMN, serous tumor) or 

“Others” [gastrointestinal stromal tumor (GIST), groove pancreatitis and duodenal 

tumor]. 

Furthermore, data regarding Wirsung and bile duct diameter, vascular adjacency or 

invasion, tumor size and baseline resectability (all obtain with preoperative 
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multidetector CT (MDCT) and MRI with multiplanar reconstruction) have been 

included. 

Preoperative chemotherapy and radiotherapy other than Serum carcinoembryonic 

antigen (CEA), and cancer antigen (CA 19.9) assays before surgery for patients 

with malignant disease have been included in the analysis.  

As regard intraoperative data, type of surgical approach (open resection or 

minimally invasive approach), vascular resection and intraoperative blood loss has 

been reported.  

Postoperative outcome has been defined as the development of any of this 

complication included in the analysis within 30 days after surgery: POPF according 

the 2016 updated definition of International Study Group for Pancreatic Surgery 

(ISGPS), bile leakage, enteric leakage, delay gastric emptying, chylous fistula 

intrabdominal abscess, acute pancreatitis, postoperative bleeding, gastrointestinal 

occlusion, sepsis, pulmonary complication, cardiac complication, kidney injury, 

wound infection,  reoperation, readmission. 

The severity of postoperative complications was graded according to the Clavien–

Dindo classification system, and severe complications were defined as Clavien–

Dindo grade ≥3(80) 

Moreover, data about discharge with abdominal drain and hospital death has been 

collected.  

 

Surgical techniques and perioperative management 

In cases of symptomatic jaundice, cholangitis or in case of delayed surgical 

resection or necessity of neoadjuvant chemotherapy a preoperative endoscopic or 

percutaneous biliary drainage was introduced.  

In patients with a borderline resectable or locally advanced pancreatic cancer at the 

diagnosis, neoadjuvant treatment has been proposed after discussion at 

multidisciplinary team.  All surgical procedures were performed by experienced 

five pancreatic surgeons at Pederzoli Hospital in Peschiera del Garda, Verona.  

The main indications for a robotic approach were a mass small and resectable 

upfront. 
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Pancreatic anastomosis has always been performed as end to side pancreatico-

jejunostomy (PJ).   

An external pancreatic duct stent was placed based on the surgeon judgment about 

the pancreatic texture and duct diameter less then 3 mm and in this case the 

preferred anastomosis was the duct to mucosa pancreatojejunostomy.  

Conversely, the end-to-side single layer pancreatojejunostomy was the standard 

anastomosis.  

The entero-biliary anastomosis has been performed in single layer continuous in 

case or bile duct diameter more than 1 cm or a single layer interrupted suture in 

case of bile duct diameter lower than 1 cm.  

The entero-entero anastomosis has been performed with interrupted or continuous 

stitches according to the surgeon's preference. 

In all patients 2 drains were placed as follows: one behind the pancreatic and entero-

entero anastomosis, another behind the entero-biliary anastomosis. 

Serum and drain fluid amylase levels were routinely measured on postoperative 

days 1, 3, 5 and 7 if the drains were maintained.  

Drains were removed in third postoperative day if there was not clinical and 

laboratory evidence of a leak.  

 

Model development 

Twenty-seven predictors (“features”) to be entered into the ML model were 

identified following consensus among the investigators based on clinical reasoning, 

literature review, and availability in the clinical setting. These features included 

demographics, comorbidities, laboratory results and tumor characteristics based on 

preoperative imaging.  

A Random Forest machine learning model was developed.  

This algorithm was selected based on its wide adoption in the literature due to its 

ability to accurately predict surgical outcomes.(81, 82) RF method is a kind of 

ensemble learning algorithm that builds multiple decision trees to produce the 

output. Thanks to “bagging methods” it creates different models by randomly 

sampling the training data and finally it produces the outcomes by combining the 

best model.(81) 
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A first Random Forest model was used to determine the optimal hyperparameters 

to maximize model accuracy. 

After that, the top 12 predictors among 27 have been selected for the final Random 

Forest model. 

The population was randomly divided into a training cohort (80%) to develop the 

model and a testing cohort (20%) to validate the model. A calculator based on the 

random forest model was developed and made available online. 

 

Study outcome 

The primary endpoint of the study was the development of an algorithm to predict 

the risk of any complication within 30 days after pancreaticoduodenectomy. 

The secondary endpoint was to develop an easy-to-use calculator called “PanRisk 

Calculator” based on the developed algorithm and made it available online. 
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STATISTICAL ANALYSIS 

 
For descriptive statistics, continuous variables were summarized as median and 

interquartile range (IQR) and compared using the independent t- test, while 

categorical variables were reported as frequencies and percentages (%) and 

compared using the Chi-squared test or Fisher’s exact test, as appropriate, and a p-

value <0.05 was considered statistically significant. In case of missing data Multiple 

Imputation by Chained Equations (MICE) method has been used for generating 

plausible numbers derived from distributions of and relationships among observed 

variables in the dataset.(83) The primary model evaluation metric was the area 

under the receiver operating characteristic curve (ROC-AUC). All statistical 

analyses were performed using R version 4.3.2 (R Foundation, Vienna, Austria). 

  



 22 

RESULTS 

 
Clinicopathological characteristics and surgical outcomes 

Among 1072 patients who underwent pancreaticoduodenectomy between 2011 and 

2022 at the Department of Hepato-pancreato-biliary Surgery, Pederzoli Hospital 

(Peschiera del Garda, Verona) 496 met the inclusion criteria and have been included 

in the study. 

Table 1 provides the clinical-pathological details of the 496 patients. 

The median age was 65.0 years (IQR 57–73), 272 (54.8%) patients were male, and 

the median BMI was 25.0 kg/m2 (IQR 22.31-26.70). 

About 40 % of the patients were current smoker while 181 (36.5%) patients had a 

preoperative weight loss of > 10%. 

As regard comorbidity 123 (24.8%) patients had an ASA score higher than 2, 132 

(26.6%) patients had diabetes mellitus, 54 (10.9%) heart disease and 253 (51%) 

blood hypertension while 212 (42.7%) underwent previous abdominal surgery.  

Almost half of patients (46.2%) underwent endoscopic preoperative biliary 

drainage and only 5% underwent percutaneous transhepatic biliary drainage.  

The most frequent diagnosis was a solid lesion of the pancreas in 427 (86.1%) 

patients. The others indication for surgery were: Cystic lesion in 52 patients 

(10.5%) and “Others diagnosis” in the remaining 17 patients (3.4%). 

Pancreatic duct was dilatated in 363 (73.2%) patients while bile duct was more than 

1 cm in more than half of patients (50.8%) who underwent 

pancreaticoduodenectomy. 

The preferred surgical approach was open pancreaticoduodenectomy (93.3%).  

The robotic approach increases over the years (staring from lower than 1% in 2019 

to 4.2% in 2022) thanks to the improvement of surgeon learning curve and the 

higher availability of the robot itself.  

Table 2 shows the surgical outcomes. 

Almost half of patients (270, 54.4%) developed almost one postoperative 

complication, and the rate of severe complication (Dindo-Clavien ≥3) was around 

19%. 
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As concerns the most feared complication, POPF, 56 patients (11.3%) developed a 

grade B POPF, and 18 (3.6%) developed a grade C POPF.  

The rate of bile leakage was around 5% while that of the enteric leakage lower than 

1%. 

Among 50 patients (10.1%) suffered from postoperative delayed gastric emptying. 

Moreover, almost 20% of patients developed intra-abdominal abscess, 5.4% a 

wound infection and more than 4% developed a sepsis. 

A chylous fistula occurred in 34 (6.9%) patients while 43 (8.7%) patients 

experienced an acute pancreatitis.  

A postoperative bleeding involved 41 (8.3%) patients, and 52 patients (10.5%) 

required a reoperation for surgical complication. Indication for reoperation were the 

following: 5 cases (9.6%) of acute pancreatitis, 23 cases (44.2%) of bleeding, 3 

cases (5.8%) of intestinal volvulus, 14 cases (26.9%) of peritonitis as consequence 

of anastomosis dehiscence, 3 cases (5.8%) of sepsis, and 4 cases (7.7%) of wound 

infection with wound dehiscence.   

In addition, pulmonary complication occurred in 50 patients (10.1%) and cardiac 

complication in 68 (13.7%), while kidney injury in 13 (2.6%). 

Moreover, both readmission rate and the rate of discharge with abdominal drain 

were around 7%. In-hospital mortality was 3.4%.  

Table 3 shows clinical and surgical detail of patients stratified for the development 

or not of surgical complications.  

Based on preoperative characteristics, there was no difference in age, sex and BMI 

between the group of patients who developed at least one complication and those 

who did not develop any complications. 

The group of patients who developed almost one complication had higher rate of 

previous abdominal surgery (47.2%) compared to the group of patients who didn’t 

develop almost one postoperative complication (37.3%), p=0.029.  

Moreover, the group of patients who didn’t develop complication had a higher level 

of Ca 19.9 (median 42, IQR 12-90-142.60) compared to the group with 

complication (median 31.60, IQR 9.60-105.45), p= 0.043. 
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The rate of dilated Wirsung duct (83.1%) and dilatated bile duct (52.4%) was higher 

in the group who did not experience complication compared to the complication 

group (64.9%, p<0.001 and 49.4%, p=0.528, respectively).  

No difference in the tumor stage at the diagnosis was found between the two group. 

In detail, the majority of patients resulted resectable at the diagnosis (no 

complication group: 95.6%, any complication group 96.3%).  

Neoadjuvant chemotherapy was also more frequent in the group without 

complication (32.4%) compared to the group with postoperative complication 

(20.7%), p = 0.004. 

Conversely, the rate of preoperative radiotherapy was similar between the two 

groups (complication group 5.5%; no complication group 6.2%; p=0.848). 

The open approach was the preferred surgical method to perform pancreatic 

duodenectomy in more than 90% of cases in both groups under analysis.  

The rate of vascular resection was quite higher in the group of patients who 

developed almost one complication (n=42, 15.5%) compared to the group without 

complication (n= 31, 13.8%) but the difference was not significant (p=0.613).  

 

Development of machine learning models using random forest  

Table 4 shows the twenty-seven predictors (“features”) selected to be entered into 

the first ML model.  

The 12 most influential features included in the final model are represented in 

Figure 1.  

After model development with hyperparameter tuning, the final Random Forest 

model showed an AUC of 0.87 in the training cohort and of 0.72 in the testing 

cohort (Figure 2).  

Specifically, dilated pancreatic duct was the most important feature in predicting 

any postoperative complication, followed by weight loss >10%, diagnosis of cystic 

lesion, diabetes, previous abdominal surgery, preoperative CA 19.9 serum level, 

high bilirubin level, preoperative chemotherapy, dilated bile duct, ASA Score, 

Surgical Approach and “Other diagnosis” (GIST, groove pancreatitis, duodenal 

tumor).  
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To enable the clinical applicability of the model, a calculator of the probability of 

developing any postoperative complication after pancreaticoduodenectomy based 

on preoperative characteristics was developed and made available online 

(https://panriskcalculator.shinyapps.io/Panrisk_Calculator/ ) 

Using the calculator, clinicians can input individual patient clinical characteristics 

to assess the probability of a developing of postoperative complication after 

pancreaticoduodenectomy. 

https://panriskcalculator.shinyapps.io/Panrisk_Calculator/
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Table 1: Clinical-pathological details of patients  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Data are presented as median (IQR) for continuous variables and n (%) for categorical 
variables. Abbreviations: BMI, Body-Mass Index; COPD, Chronic obstructive pulmonary 
disease; ASA, American Society of Anesthesiologists physical status classification system; PTBD, 
Percutaneous Transhepatic Biliary Drainage (PTBD); EBD, Endoscopic Biliary Drainage; RPD, 
Robotic pancreaticoduodenectomy; OPD, Open Pancreaticoduodenectomy.  
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Table 2: Surgical outcomes   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Data are presented as N (%) for categorical variables. Abbreviations: POPF, Postoperative 
pancreatic fistula; DGE Delay Gastric Emptying. 
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Table 3: Clinical and surgical detail of patients stratified by the development or 
not of surgical complications.  

Data are presented as median (IQR) for continuous variables and n (%) for categorical 
variables. Abbreviations: BMI, Body-Mass Index; COPD, Chronic obstructive pulmonary 
disease; ASA, American Society of Anesthesiologists physical status classification system; PTBD, 
Percutaneous Transhepatic Biliary Drainage (PTBD); EBD, Endoscopic Biliary Drainage; RPD, 
Robotic pancreaticoduodenectomy; OPD, Open Pancreaticoduodenectomy.  
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Table 4: Twenty-seven predictors (“features”) selected to be entered into the first 
RF model. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Abbreviations: RF, Random Forest; BMI, Body-Mass Index; COPD, Chronic obstructive 
pulmonary disease; ASA, American Society of Anesthesiologists physical status classification 
system; PTBD, Percutaneous Transhepatic Biliary Drainage (PTBD); EBD, Endoscopic  
Biliary Drainage; RPD, Robotic pancreaticoduodenectomy; OPD, Open 
Pancreaticoduodenectomy.  
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Figure 1: Illustration of the importance of the 12 most influential features 
included in the final Random Forest model 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2: Receiver operating characteristic (ROC) curve of the RF model in the 
training and testing cohorts.   
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DISCUSSION 
 

Pancreatic surgery remains a high-risk surgery with a considerable rate of morbidity 

and mortality. (4, 84-87) 

Up to approximately 50% of patients who undergo pancreatic surgery could 

experience postoperative complications (eg, delayed gastric emptying (DGE), 

POPF, infection, bleeding) resulting in increased mortality, need for a higher level 

of care and management, longer length of postoperative hospital stays, higher 

hospital cost and reducing patient’s quality of life.(4, 7-11)  

Although some of these postoperative complications are unavoidable because of 

non-modifiable patient and surgical risk factors (eg, BMI, sex, soft pancreatic 

texture, broad and thick pancreas, duct diameter <3 mm, ongoing pancreatitis, high 

acinar cell density), others are potentially preventable through early identification 

of modifiable risk factors (eg, preoperative nutritional status, neoadjuvant 

treatment, intraoperative bleeding and liquid infusion) and the application of an 

appropriate mitigation strategy (eg, timely administration of antibiotics in 

postoperative care settings, active drain management based on drain fluid amylase, 

drain volume and characteristic, identifying bleeding complications early and 

managing with embolization and stent)(4, 21, 85, 87-89) 

In this context, several risk predictor models have been developed to optimize 

patient selection as well as to stratify risk among patients. (62, 90-92) 

For many years, predictive models have been built using traditional statistical 

methods such as the logistic regression model and relying mainly on intraoperative 

parameters. Pancreatic texture, Wirsung diameter and histology of the pancreatic 

lesion have been proposed among the most cited risk factors in the literature.(30, 

37, 49) 

However, the reduced performance of the standard statistical method can likely be 

attributed to two main factors: its reliance on a linear relationship between variables 

and the fact that predictive accuracy is generally tied to the internal validation of 

the data. Moreover, models often tend to adapt specifically to the data on which 

they were developed.(56) 
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Recently, ML has gained popularity and has been applied in different surgical areas 

for operative risk assessment.(93-97) 

Thanks to their ability to identify and analyze complex nonlinear relationships 

among numerous variables, ML approaches could enhance the accuracy of risk 

assessment by leveraging the intricate interactions between risk factors that 

influence postoperative morbidity in pancreatic surgery. This random forest model 

showed very good performance in predicting the probability of developing 

complication. The maximum AUC of this model was considerable (AUC of 0.87 in 

the training cohort and of 0.72 in the testing cohort). 

The result is satisfying, and the model is based on characteristics that can be 

identified or planned (surgical approach and the indication of vascular resection) 

preoperatively with the aim of being able to make a correct risk balance before 

surgery and consequently improve shared decision-making. Indeed, knowing the 

risk helps to adequately inform and involve the patient in decisions concerning the 

planned surgery.(62, 90-92) 

Once the risk of developing complications has been identified with this RF model, 

it is possible to implement preoperatively optimization measures or adopt 

mitigation strategy in the postoperative course.  

In this AI model the most important predictive factor for postoperative complication 

resulted the Wirsung duct diameter defined through the preoperative CT scan.  

This AI-based risk prediction could help the surgeon adopt a personalized approach 

by better tailoring risk management to individual patients. Indeed, the preoperative 

knowledge of the risk of morbidity related to the pancreatic duct diameter, suggests 

the surgeon to adopt an intraoperative mitigation strategy in case of non-dilatated 

Wirsung duct. Indeed, a smaller pancreatic duct is first of all difficult to reconstruct 

(it can accommodate only few stiches and the juxtaposition of the duct to bowel 

mucosa it can result difficult), and consequently also more predisposed to collapse 

and/or or dehisce.(30) 

In addition, a small pancreatic duct is often an indication of the absence of a real 

underlying obstructive condition, so the pancreas also tends to be soft and less 

fibrous unlike what occurs after prolonged periods of obstruction to the outflow of 
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pancreatic juice with consequent dilation of the duct and fibrosis of the pancreas 

upstream of the obstruction.(30) 

After a risk assessment, high-risk patients might be selected, for example, for the 

placement of external pancreatic stent to protect the pancreatic-enteric anastomosis 

and to perform a duct to mucosa double layer pancreatojejunostomy although even 

these fistula prevention techniques are not shared by all authors.(98-100) 

Identification and optimization, thanks to our ML model, of modifiable factors as 

in case of weight loss before surgery and high preoperative bilirubin levels, allow 

to improve the patient’s performance status before surgery. 

In literature, weight loss more than 10% before surgery has been associated with an 

increase in postoperative complications across a variety of surgical procedures. 

(101-103) 

Weight loss could be the indicator of a loss in muscle mass and increased energy 

expenditure typical of cachexia cancer related.(101) 

For this reason, identifying this condition in advance enables the implementation of 

a pre-rehabilitation program based on a multimodal approach, including physical 

exercise and nutritional support. The goal is to improve the patient’s performance 

status before surgery and reduce the risk of complications associated with poor 

muscle and nutritional health.(104) 

Obstructive jaundice is generally the most common presentation in patients with 

pancreatic head cancer and it is associated with an increased risk of cholangitis, 

coagulopathy and decline organ function (e.g liver and kidney function).(105-107) 

A potential strategy to mitigate the consequences of high bilirubin level is 

preoperative biliary drainage.(108) However, despite its theoretical advantages, in 

available literature, results of preoperative biliary drainage are controversial.  

Sohn et al observed no differences in overall morbidity, mortality, and length of 

stay (LOS) between patients who underwent and those who did not undergo biliary 

drainage prior to pancreaticoduodenectomy.(109) 

De Pastena et al., analyzing 1500 consecutive cases, showed that preoperative 

biliary drain does not increase major complication and mortality rates after 

pancreaticoduodenectomy, but it is associated with higher surgical site infection 

rate.(110) 
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Other authors have reported worse outcomes associated with preoperative biliary 

drainage, including increased risk of postoperative overall complications, surgical 

site infections, readmission rates, LOS, and mortality when compared to patients 

not undergoing biliary decompression.(111, 112) 

The management of high bilirubin levels requires not only the decision whether to 

drain preoperatively but also which cut-off to consider as an indication for drainage 

since there is also a lot of heterogeneity on this.(110, 112) 

In our analysis we used the cut off >3mg/dl to define high bilirubin levels, and we 

usually made preoperative bile drainage in case of symptomatic or septic patients 

or in case of delayed surgical resection based on the waiting list or necessity of 

neoadjuvant chemotherapy in line with the recent Clinical Practice Guidelines in 

Oncology-NCCN Guidelines (113) 

As regard comorbidity, diabetes mellitus (DM) resulted as a factor able to influence 

the short-term outcome after pancreaticoduodenectomy.  

The role of diabetes mellitus (DM) in term of influence of short- term outcome is 

debated in literature. Some reports reported that DM was associated with increased 

abdominal complication and was an independent risk factor of POPF in patients 

undergoing PD for pancreatic cancer.(114-116) In addition, Hank et al, described 

an increased postoperative mortality in diabetic patients who underwent 

pancreaticoduodenectomy probably as consequence of contemporary advanced 

age, obesity, malnutrition, coexisting co-morbidities.(117) 

Conversely, some other authors reported a protective effect of DM in term of 

decreased POPF thanks to the DM related less pancreatic fat and increased fibrosis 

in pancreatic remnant.(19, 118) 

ML algorithm, thanks to a series of complex interactions between data offers the 

opportunity to discover latent variables that are unlikely to be observed but might 

be inferred from other variables related to outcome.(119, 120) 

In this way, Ca 19.9 value resulted as a new factor able to influence postoperative 

morbidity, detected by our RF model.  

In our series, patients who developed at least one postoperative complication 

exhibited lower serum levels of Ca 19.9 compared to those who did not experience 

postoperative morbidity. Interestingly, this finding contrasts with a previous report 
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investigating the role of Ca 19.9 in complications after pancreatic surgery. That 

study suggested that elevated levels of this tumor marker were associated with a 

higher risk of postoperative pancreatic fistula (POPF). However, it was based on a 

single-center retrospective analysis with a limited sample size, which may affect 

the generalizability of its conclusions.(121)  

A possible explanation for our result lies in the slight predominance of solid lesions 

among patients without postoperative complications, even though this difference 

did not reach statistical significance. It is well established that Ca 19.9 levels tend 

to be higher in malignant tumors compared to cystic lesions and non-epithelial 

lesions, which could account for the observed trend. 

This hypothesis aligns with the finding that the diagnosis of cystic lesions (e.g., 

IPMN, serous tumors) or other types of lesions (e.g., GIST, groove pancreatitis, 

duodenal tumors) was associated with postoperative morbidity in this model. 

Pathologies other than solid lesions and chronic pancreatitis are often linked to 

softer pancreatic parenchyma and non-dilated pancreatic ducts—two well-known 

risk factors for postoperative complications following pancreatectomy.(30)  

The observation that Ca 19.9 levels correlate with postoperative complications is 

novel and adds an interesting dimension to existing literature, where the focus has 

often been on higher Ca 19.9 levels as marker of tumor stage, resectability and 

tumor response to chemotherapy.(122)(123)(124)  

This finding may provide additional insights for risk stratification and preoperative 

planning, particularly in cases involving cystic or atypical lesions, in which often 

surgery is offered in unclear cases or possible pre-malignant behavior, guiding 

surgeons in anticipating postoperative risks. 

Since the early 90s a meta-analysis of more than 2,600 patients supports the 

correlation between histopathology and pancreatic duct diameter and reports lower 

POPF in the setting of chronic pancreatitis (5%) and pancreatic cancer (12%).(125) 

In our series, we observed that pathology diagnosis of cystic lesion (IPMN, serous 

tumor) or “other diagnosis” (GIST, groove pancreatitis, duodenal tumor) were 

related to the development of postoperative morbidity.  

Interestingly, in our ML model, chemotherapy resulted as another factor able to 

influence the development of postoperative morbidity.  



 36 

There are several reasons that could explain this result.  

First, despite our main outcome is the overall morbidity, it is well known that 

generally POPF is the first complication that appears after 

pancreaticoduodenectomy which is followed by others complication such as post 

pancreatectomy hemorrhage or sepsis. The protective effect of chemotherapy in 

reducing postoperative complications, including POPF, remains unclear in the 

literature. One plausible explanation is that fibrotic pancreatic tissue provides better 

suture-holding capacity, reducing the likelihood of anastomotic leakage. 

Chemotherapy itself, along with the extended time to surgery in patients receiving 

neoadjuvant treatment, is thought to promote fibrosis in the pancreatic tissue, 

resulting in a firmer pancreatic consistency.(126, 127) 

Moreover, neoadjuvant chemotherapy could also reduce the rate of vascular 

resections, in patients with vascular involvement at baseline stadiation, which are 

related to an increase of postoperative complication both in this model and in the 

available literature.(128, 129) 

This study used a highly performant ML algorithm to develop a calculator which 

can accurately predict patient risk of overall morbidity within 30-day after 

pancreaticoduodenectomy.  

The calculator we have developed is easily to use in clinical practice and requires 

the entry of readily available preoperative data. Furthermore, the proposed 

calculator offers valuable support in the thorough evaluation of surgical candidates, 

enhancing preoperative planning and ultimately contributing to better patient 

outcomes. In fact, in patients suffering from pancreatic cancer, in the event that the 

calculator we have developed suggests a high risk of complications, it is possible, 

for example, to consider a neoadjuvant chemotherapy treatment of three months 

before surgery as mitigation strategy.  

Although this study shows the potential for using ML algorithms, it has several 

limitations.  

First, due to the retrospective design of the study, selection bias is possible despite 

the database is prospectively collected. Furthermore, even though the use of a large 

database, this is a monocentric study and lack of variations in patient selection and 

perioperative management among different hospital should be considered.  
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Application of the model to a larger cohort and external validation are needed to 

evaluate the model’s performance in other settings.  

Additionally, the model considers as main outcome the presence or absence of 30-

day postoperative complication, however a more detailed risk assessment (type and 

grade of complications) along with 90-days related morbidity and mortality will 

also be considered in future studies. To make this possible, a large amount of data 

is needed to implement the performance of the AI algorithm. 

Moreover, the developed calculator needs to be tested in a prospective and 

multicentric way.   
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CONCLUSION 
 

In conclusion, this study used a highly performant ML algorithm to develop an 

accurate tool to predict individualized patient risk of overall morbidity within 30-

day after pancreaticoduodenectomy.  

The present study highlights the presence of modifiable preoperative factors that 

can be addressed to reduce the likelihood of postoperative complications, as well 

as non-modifiable factors that, if recognized early, may suggest the application of 

mitigation strategies. Furthermore, the proposed calculator is a valuable support in 

the thorough evaluation of surgical candidates, enhancing preoperative planning 

and ultimately contributing to better patient outcomes.  
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