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Abstract
BACKGROUND
[bookmark: _Hlk99549482]Postoperative pancreatic fistula (POPF) is the most fearful complication after pancreatic surgery and can lead to severe postoperative complications such as surgical site infections, sepsis and bleeding. A previous study which identified cut-offs of drains amylase levels (DALs) determined on postoperative day (POD) 1 and POD3, was able to significantly predict POPF, abdominal collections and biliary fistulas, when related to specific findings detected at the abdominal computerized tomography (CT) scan routinely performed on POD3.

AIM
To validate the cut-offs of DALs in POD1 and POD3, established during the previous study, to assess the risk of clinically relevant POPF and confirm the usefulness of abdominal CT scan on POD3 in patients at increased risk of abdominal collection.

METHODS
The DALCUT trial is an interventional prospective study. All patients who will undergo pancreatoduodenectomy (PD) for periampullary neoplasms will be considered eligible. All patients will receive clinical staging and, if eligible for surgery, will undergo routine preoperative evaluation. After the PD, daily DALs will be evaluated from POD1. Drains removal and possible requirement of abdominal CT scans in POD3 will be managed on the basis of the outcome of DALs in the first three postoperative days.

RESULTS
This prospective study could validate the role of DALs in the management of surgical drains and in assessing the risk or relevant complications after PD. Drains could be removed in POD3 in case of POD1 DALs < 666 U/L and POD3 DALs < 207 U/L. In case of POD3 DALs ≥ 252, abdominal CT scan will be performed in POD3 to identify abdominal collections ≥ 5 cm. In this latter category of patients, drains could be maintained beyond POD3.

CONCLUSION
The results of this trial will contribute to a better knowledge of POPF and management of surgical drains.
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Core Tip: Nowadays, postoperative pancreatic fistula (POPF) is the most dreadful complication after pancreatic surgery. POPF can lead to severe postoperative complications such as surgical site infections, sepsis and bleeding. The DALCUT trial is an interventional prospective study with the aim to validate cut-offs of the drains amylase levels in postoperative day (POD) 1 and POD3, found during the previous study, to assess the risk of clinically relevant POPF and confirm the usefulness of abdomen computerized tomography scan on POD3 in patients at increased risk of postoperative abdominal collections.

INTRODUCTION
Pancreatoduodenectomy (PD) represents the standard of care for periampullary malignancies[1-2]. Postoperative pancreatic fistula (POPF) remains the main complication following pancreatic surgery, even in hospitals with wide experience[3-6]. POPF can lead to other, even lethal, complications as site infections, sepsis, and hemorrhage. Moreover, the management of POPF could increase hospital costs due to prolonged hospitalization[7-9].
The International Study Group on Pancreatic Fistula described POPF as “the leak from a surgical or percutaneously positioned postoperative drains of any measurable quantity of fluid, starting from the postoperative day (POD) 3, with an amylase content three times higher than the upper normal limit of serum amylases”[10]. Therefore, according to this definition, patients could be affected by POPF even without any signs or symptoms. To overcome this issue, a three grades classification system of POPF has been recently introduced. This classification is based on the clinical impact of POPF. A: A biochemical fistula, also called a biochemical leak; it does not require intervention and does not affect post-operative length of stay (LOS). B: LOS increases, drains are not removed, additional radiological drains placement, bleeding control, antibiotics and artificial feeding are needed. C: A re-surgery is necessary and the patient’s death may occur. Grade B and C amount for the so-called clinically relevant POPF (CR-POPF). Therefore, it is clear that the correct grading of pancreatic fistula can only be assessed afterward.
Nonetheless, taking into account the impact of POPF, it is crucial to assess risk factors and define tools to predict the risk of CR-POPF in order to plan better management before irreversible complications occur. Postoperative drains amylase levels (DALs), at different cut offs and on different postoperative days have been identified and proposed as the main predictive factor of POPF[11-14]. On the other hand, several authors assume that abdominal drains themselves can lead to the development of POPF and of other complications[15-17].
Therefore, it is clear that drains can be useful but they should be removed as soon as possible. On this basis, Molinari et al[18] demonstrated that a POD1 DALs < 5000 IU/L identifies a subgroup of patients, at lower risk of POPF, in which the maintenance of drains is useless. However, in Molinari et al[18]’s work patients with grade A POPF were also considered. Ven Fong et al[19] identified a subgroup of patients at higher risk of POPF after PD in presence of POD1 DALs > 600 IU/L. On this basis, the author proposed the immediate removal of abdominal drains in low-risk patients.
One of the most consistent biases of the study of Ven Fong et al[19] is the use of extracorporeal Wirsung drainage. Recently, Seykora et al[20] demonstrated in PD patients how DALs at different cutoffs in POD1, POD3 and POD5 can predict CR-POPF risk and change surgical drains management. However, in the Seykora et al[20]’s study, the cut-offs have been found according to their negative predictive value and not the positive one.
Recently, at the University Campus Bio-Medico di Roma, Caputo et al[4] confirmed that the drains amylase level represents a significant predictor of POPF and, according to Seykora et al[20], that the management of abdominal drains has to be considered as a dynamic process mainly conditioned by DALs in POD1 and POD3[3].
Furthermore, in the study of Caputo et al[4], DALs > 666 IU/L in POD1 and DALs > 252 IU/L in POD3 predicted more than 80% of the CR-POPF. Nonetheless, it has also been shown that POD3 DALs > 207 IU/L and abdominal collections ≥ 5 cm, detected at the abdominal computerized tomography (CT) scan performed on POD3, was significantly related to the risk of a biliary fistula. According to Koch et al[21], who reported that biliary collections or biliary peritonitis can be defined by the need for radiological drainage or surgery, regardless of the bilirubin concentration in the drains. It is our opinion that if further confirmed, POD3 DALs could also be useful to identify patients at higher risk of biliary fistula. This prospective multicenter study protocol has been designed on the basis of a previously reported experience with the aim to validate the practice of maintaining in place the drains up to POD3 and manage their removal on the basis of specific DALs cut-offs. Whenever DALs are < 666 U/L and < 207 U/L, respectively in POD1 and POD3, drains could be removed in POD3. In presence of the POD3 DALs ≥ 207 U/L and < 252 U/L, due to the risk of biliary fistula in the presence of abdominal collection ≥ 5 cm, an abdominal CT scan on the same day will be performed in order to detect this finding. In these cases, drains could be maintained beyond POD3.

MATERIALS AND METHODS
Study design
This is a prospective study reviewed and approved by the Ethics Committee of the University Campus Bio-Medico of Rome on February 26th, 2020. This study began in March 2020. The length of the study will be approximately 24 mo. The Protocol was registered at the Clinical Trial.Gov Registry (Registration number NCT04380506).

Patient eligibility
All patients who will undergo an open or laparoscopic PD for periampullary tumors will be considered eligible for the study if meeting the inclusion criteria reported below. After the clinical staging, patients will undergo routine preoperative evaluation. After the PD, daily DALs will be evaluated from POD1. Drains removal and the need for abdominal CT scans in POD3 will be decided on the basis of the results of DALs in the first three postoperative days as shown in Figure 1.

Information sheet and informed consent
Each patient will be provided with an information sheet, which summarizes the purpose, targets and methods of the study. Each patient will also sign a standard consent for surgery and a specific consent to be enrolled in the study.

Collection, management and storage of data
All data will be stored, in compliance with local privacy laws, within the CRF data collection sheet. The CRF will be filled at the time of the enrollment of the patient in the study and will contain the following sections.

Personal data: The patient’s personal data will be collected. The date of the patient’s enrollment will coincide with the date of acquisition of the written informed consent. Every patient will be identified by a unique alphanumeric code consisting of 8 characters. The first two will be two letters obtained by the initial of the name and surname of the patient, respectively (in case of composed first name and/or surname only the first initial will be used [e.g., Mario Rossi (MR), Mario Del Principe (MD)]; the last six characters will identify the patient’s date of birth, the first two digits will be the day of the month, the second two will be the month, and the last two will be the last two digits of the year of birth (in case of day and/or month of the year consisting of a single digit, a zero will be inserted; e.g., for date of birth January 2, 1965 the code will be 020165).

Work up: The patient’s demographic and clinical characteristics (age, sex, body mass index, comorbidity, previous oncological treatments, basic pathologies), laboratory tests, instrumental examination findings resulted from disease staging work-up (e.g., ultrasound, CT scan, magnetic resonance imaging, US-endoscopy, endoscopic retrograde cholangiopancreatography, etc.) and intraoperative data (pancreas texture, diameter of the main pancreatic duct, type of reconstructions, blood loss, etc.) will be reported in this section.

Postoperative course data: For each patient, qualitative and quantitative characteristics of abdominal drains fluid and amylase levels will be registered. Complications that resulted from placement of drains, diagnostic tests and their management will be recorded.

Hospital readmission and mortality data: For each patient, any hospital readmission will be considered within the first 90 postoperative days. In this section, the reason of re-hospitalization and adopted diagnostic and therapeutic measures will be recorded. This section will also record data regarding mortality in the first 90 postoperative days.

Surgical specimen data: For each patient enrolled, the outcome of the pathological staging and the state of the resection margins will be recorded.

Outcomes
Primary endpoint: To validate the cut-offs of DALs established during the previous study[4], and to identify patients with higher risk of CR-POPF and confirm the usefulness of abdominal CT scan on POD3 in patients at higher risk of abdominal collection.

Secondary endpoints: To assess the prevalence of POPF on the basis of early or late removal of abdominal drains according to DALs and radiological findings of CT in POD3, if performed; to identify predictive factors of POPF and calculate a score that can be applied for early diagnosis of POPF.

Statistical design and analysis
Sample size calculation: For a power of 80% and an alpha error of 5%, a total of 165 patients have been estimated as needed for structuring this study. The length of the study will be approximately 24 mo (the time required for the enrollment and statistical analysis).

Statistical analysis plan: Data will be analyzed using the Med-Calc 18.11.3 statistical package (MedCalc software, Mariakerke, Belgium). The Shapiro-Wilk test for normal distribution will be used to evaluate if data follows the normal distribution. Descriptive statistics will include mean, standard deviation, minimum, median, maximum, and quartiles for continuous data, as well as, absolute and relative frequencies for categorical data. Possible differences between patients with and without postoperative complications will be calculated using the Wilcoxon rank-sum test. Multivariable binary logistic regression will be used to identify possible risk factors of complications. The significance level will be set at P ≤ 0.05, representing a 95% confidence interval.

Ethical and legal issues and termination criteria
Participation in the study is voluntary. The protocol has been approved by the Institutional Review Board of University Campus Bio-Medico di Roma (Prot.: 24/20 PAR ComEt CBM). All subjects will be informed about the aim and procedures of the study and sign an informed consent. Patients’ data will be secured by medical confidentiality. All data will be coded and statistically examined. Third parties will have no access to original patient records. Subjects can quit DALCUT any time. Decision to draw someone from the protocol, because of mentioned exclusion criteria, will be made by the certified board surgeon.

RESULTS
This prospective study could validate the role of DALs in the management of surgical drains and in assessing the risk or relevant complications after PD. Drains could be removed in POD3 in case of POD1 DALs < 666 U/L and POD3 DALs < 207 U/L. In case of POD3 DALs ≥ 252, abdominal CT scan will be performed in POD3 to identify abdominal collections ≥ 5 cm. In this latter category of patients, drains could be maintained beyond POD3.

DISCUSSION
DALCUT is the first clinical trial designed to validate DALs cutoffs during an earlier study to recognize patients at higher risk of CR-POPF and to confirm the use of abdominal CT scans in POD3. In the DALCUT trial, drains removal would be allowed in POD3 if DALs < 666 U/L and < 207 U/L, respectively in POD1 and POD3 are detected. POD3 DALs ≥ 207 would represent an indication for the use of abdominal CT scans on the same day in order to detect abdominal collections ≥ 5 cm. In the presence of POD3 DALs ≥ 207 U/L and < 252 U/L, due to the risk of biliary fistula in presence of abdominal collection ≥ 5 cm, an abdominal CT scan on the same day will be performed in order to detect this finding. In these cases, drains could be maintained beyond POD3.

CONCLUSION
This study may also identify predictive factors of POPF with the opportunity of calculating a score that can be applied in the early diagnosis of POPF.

ARTICLE HIGHLIGHTS
Research background
Postoperative pancreatic fistula (POPF) still remains the main complication after pancreatic surgery as it can lead to several and even life-threatening postoperative complications (e.g., surgical site infections, sepsis and bleeding).

Research motivation
A previous study allowed to identify cut-offs of drains amylase levels (DALs) determined on postoperative day (POD) 1 and POD3, able to significantly predict POPF, abdominal collections and biliary leaks, when related to defined findings identified at the abdominal computerized tomography (CT) scan routinely executed on POD3.

Research objectives
The aim of this trial is to validate the cut-offs of DALs in POD1 and POD3, established during the previous study, evaluating the risk of clinically relevant POPF and confirm the usefulness of abdominal CT scan on POD3 in patients at increased risk of abdominal collection.

Research methods
The DALCUT trial is an interventional prospective study. All patients who will undergo pancreatoduodenectomy (PD) for periampullary neoplasms will be considered eligible. All patients will receive clinical staging and, if eligible for surgery, will undergo routine preoperative evaluation. After the PD, daily DALs will be evaluated from POD1. Drains removal and possible requirement of abdominal CT scans in POD3 will be managed on the basis of the outcome of DALs in the first 3 PODs.

Research results
In POD3 drains removal is feasible in presence of levels of drains amylases < 666 U/L in POD1 and < 207 U/L in POD3. In case of POD3 DALs ≥ 252, abdominal CT scan will be performed in POD3 to identify abdominal collections ≥ 5 cm. In this latter category of patients, drains could be maintained beyond POD3.

Research conclusions
This prospective study could validate the role of DALs in the management of surgical drains and in assessing the risk or relevant complications after PD.

Research perspectives
The results of this trial will contribute to a better knowledge of POPF and management of surgical drains.
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Figure Legends
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Figure 1 Postoperative management of abdominal drainage. POD: Postoperative day; DA: Drains amylase; CT: Computed tomography.
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