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AIM: The aim of this study is to analyze the effects of pancreatic texture and pancreatic duct diameter on postoperative pancreatic fistula
(POPF) formation and to define a risk scoring system for identifying high-risk patients for pancreatic surgery.
METHODS: The data of 100 consecutively operated patients who underwent pancreatic surgery between May 2017 and June 2018 from
seven different centers were collected through a web-based data collection module that is accessible at the website of The Turkish Hepato
Pancreatico Biliary Surgery Association and analyzed retrospectively. The patients’ data were evaluated according to the International
Study Group for Pancreatic Fistula (ISGPF) criteria. The risk scoring system is defined according to the texture of the pancreatic tissue
and the diameter of the pancreatic duct. Risk coefficients were distributed as 3, 2, and 1 for soft, intermediate and firm pancreatic tissue,
respectively. The risk coefficients for the pancreatic duct diameter were distributed as 3, 2, and 1 for the pancreatic duct diameter as
smaller or equal to 3 mm, wider than 3 mm and smaller or equal to 5 mm, and wider than 5 mm, respectively. The total risk score was
calculated by multiplying the distributed risk coefficients.
RESULTS: Thirteen out of 100 patients were excluded from the study due to missing or incomplete data. 17 of 87 (19.5%) patients had
POPF. Six of 17 patients (35%) were in concordance with ISGPF-Grade A. Nine of 17 (53%) patients were in concordance with ISGPF-
Grade B, and 2 of 17 (12%) patients were in concordance with ISGPF-Grade C. 22 of 87 (25.4%) patients were in the low-risk group, 18
(20.6%) patients were in the intermediate-risk group and 47 (54%) patients were in the high-risk group. There were no clinically relevant
POPF in the low-risk group, while one patient developed an ISGPF-Grade A fistula. Two of 18 patients in the intermediate-risk group
had POPF and both were clinically relevant. Fourteen of 47 patients in the high-risk group had POPF and 5 of 14 patients were clinically
non-relevant, while 9 of 14 patients had clinically relevant POPF. The sensitivity and the specificity of the scoring system were 82.35%
and 52.86% (p = 0.012), respectively. The area under the curve was 0.666 (95% CI: 0.54–0.77).
CONCLUSIONS: This study proposes and validates a simple intraoperative risk scoring system, based on pancreatic tissue and duct
diameter, for predicting POPF. The scoring system demonstrated a high negative predictive value, allowing clinicians to identify patients
less likely to develop POPF. This practical tool may assist in surgical decision-making and in tailoring postoperative management in
pancreatic surgery.
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Introduction
Despite current advances in surgical techniques, postopera-
tive pancreatic fistula (POPF) formation is still considered
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to be one of the most challenging aspects of pancreatic re-
sections. Prior to the 2005 meeting of the International
Study Group of Pancreatic Fistula (ISGPF), a group of pan-
creatic surgeons convenedwith an aim of reaching an objec-
tive definition of pancreatic fistula; 26 different definitions
existed for POPF [1]. Anatomically, a pancreatic fistula
is defined as an abnormal pathway between the pancreatic
ductal epithelium and another epithelial surface containing
pancreatic enzyme-rich fluid. The ISGPF proposed a stan-
dardized definition of POPF as the drainage of any fluid
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volume from an intraoperatively placed drain, in which the
amylase concentration exceeds three times the upper limit
of normal serum amylase levels. Additionally, a clinical
classification of three discrete grades of POPF (Grades A,
B, and C—from mild to severe) was proposed based on the
severity of related complications caused by the POPF for-
mation [2]. In the 2016 update, Grade A is defined as a
clinically non-relevant pancreatic fistula and referred to as
biochemical leakage; Grade B and C classifications are de-
fined more strictly in order to avoid the complexity [2].
Although the mortality rate of pancreatic surgery has de-
clined to below 5% over the past four decades, morbid-
ity remains substantial, ranging from 30% to 40%, even in
high-volume hepatopancreatobiliary centers [3–7]. While
numerous studies in the current literature identified vari-
ous risk factors for the POPF formation such as presence
of pancreatitis and/or biliary stent at the time of surgery,
body mass index (BMI), surgical technique (pylorus pre-
serving pancreaticoduedonectomy (PD) versus classic PD),
nature of the disease (benign versus malignant), operative
time, estimated blood loss, and intraoperative blood trans-
fusion; the texture of the pancreatic gland and the diameter
of the pancreatic duct are accepted as the major risk factors
on the occurrence of POPF formation [5,8–13].
The aim of the recent study is to analyze the effects of
pancreatic texture and pancreatic duct diameter on POPF
and to define and validate a risk scoring system for de-
termining the low, intermediate and high-risk patients
for pancreatic surgery. To our knowledge, this is the
first multi-institutional study in the hepatopancreato-biliary
field utilizing data collected through a web-basedmodule in
Turkey.

Methods and Patients
Data Collection
After the ethics approval was obtained from the Institu-
tional Review Board of the Ethics and Research Commit-
tee of the Koc University Hospital (2017.003.IRB1.003),
the data of the 100 consecutively operated patients who un-
derwent pancreatic surgery between May 2017 and June
2018 were collected and analyzed retrospectively. Since
this was a retrospective study based on anonymized data,
informed consent from individual patients was not required.
Seven experienced hepatopancreato-biliary surgeons from
7 hepatobiliary centers collaborated in this study by shar-
ing the intraoperative, postoperative, and anonymized de-
mographic data of the patients who underwent pancreatic
surgery through a data collection module which is acces-
sible at the website of The Turkish Hepato Pancreatico
Biliary Surgery Association (https://hpb.org.tr/index.php).
The diameter of the pancreatic duct and the texture of the
pancreatic tissue were assessed intraoperatively by the op-
erating surgeon. The diameter of the duct was registered as
≤3 mm, >3 mm and ≤5 mm, >5 mm. The texture of the
pancreatic gland was assessed as firm, intermediate, or soft
during surgery.

Surgical Techniques
A variety of surgical procedures were performed for a full
spectrum of benign and malignant pancreatic pathology.
The vast majority of the operations were carried out using
the classical open technique (n = 97), while 2 patients un-
derwent laparoscopic surgery, and 1 patient was operated
on using a hybrid approach in which the resection phase
was completed laparoscopically, but the anastomoses were
performed via an open technique.
The most common surgical procedure was pylorus-
preserving pancreaticoduodenectomy (62 patients). The
other surgical procedures consisted of distal pancre-
atectomy (26 patients), classical pancreaticoduodenec-
tomy (Whipple procedure, 9 patients), and tumor enu-
cleation (3 patients). While the most common re-
construction technique for the right-sided pancreatec-
tomies was Wirsungo-jejunostomy (46 patients), the most
common technique for the left-sided pancreatectomies
was classical sewing of the pancreatic stump (21 pa-
tients). TheDunking-pancreaticojejunostomy andBinding-
pancreaticojejunostomy techniques were performed in 10
patients, for each procedure. Reinforcement of the suture or
stapler line by using a medical device or omentum, and/or
ligamentum Teres was performed in 4 patients. We could
not reach the details of the reconstruction techniques in 8
patients. A linear stapler device was used for pancreatic
stump closing in 1 patient who underwent distal pancreate-
ctomy.

Postoperative Pancreatic Fistula Definition and Grading
Criteria
The International Study Group for Pancreatic Fistula de-
fined postoperative pancreatic fistula as ‘a drain output of
any measurable volume of fluid with an amylase level 3
times higher than the upper limit of institutional normal
serum amylase activity, associated with a clinically rele-
vant development/condition related directly to the postop-
erative pancreatic fistula’ [2]. ISGPF classified the POPF
according to the clinical severity and themanagement of the
treatment. Clinically non-relevant POPFs were defined as
Grade A, since the patients with Grade A POPF do not need
any special medical or invasive treatment for this complica-
tion; hence these fistulas are called ‘biochemical leak’. Fis-
tulas that require a specific therapeutic agent for the man-
agement, such as somatostatin analogues, blood product
transfusion, or patients whose drains are either left in place
more than three weeks or repositioned through endoscopic
or percutaneous procedures are defined as Grade B. Postop-
erative pancreatic fistulas that require re-operation or cause
a single or multiple organ failure or associated with mor-
tality are defined as Grade C [2]. The patients’ data were
evaluated and classified according to these criteria.

POPF Risk Scoring Model
Pancreatic duct diameter and the pancreatic gland texture
are assumed as the major risk factors impacting on POPF
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Table 1. The risk factors and coefficient value distribution.
Pancreatic gland texture

Pancreatic duct diameter Risk coefficient
Firm Intermediate Soft

1 2 3

X >5 mm 1 1 2 3
5 mm ≥ X > 3 mm 2 2 4 6
X ≤3 mm 3 3 6 9

The coefficient values from 1 to 3 were distributed according to the severity of the
estimated risk for each variable. Bold characters show the results of the calculation
obtained by multiplication of coefficients based on the pancreatic duct diameter and
the texture of the pancreas. The green indicates a low risk score, yellow indicates
intermediate risk, and red indicates a high risk score. X, Pancreatic duct diameter.

formation. It has been shown that the POPF risk increases
as pancreatic duct diameter decreases and pancreatic tissue
softens [5,8–11]. Based on this information, risk coeffi-
cients were distributed as 3, 2, and 1 for soft, intermediate
and firm pancreatic tissue, respectively. The risk coeffi-
cients for the pancreatic duct diameter were distributed as
3, 2 and 1 for patients with a pancreatic duct diameter that
is smaller or equal to 3 mm, wider than 3 mm and smaller
or equal to 5 mm, and wider than 5 mm, respectively. The
total risk score is calculated by multiplying the distributed
risk coefficients. The patients whose estimated risk score
was between 1 to 3 were assigned to the low-risk group,
patients whose estimated risk score was 4 were assigned to
the intermediate-risk group, and patients whose estimated
risk score was 6 or 9 were assigned to the high-risk group
(Table 1).
After the patients were grouped according to the risk classi-
fication, the number of patients with POPF and the clinical
severity of the POPF among these groups were compared.
Prediction of POPF using the scoring system served as the
validation of the method.

Statistical Analysis

SPSS 26 (IBM Corp., Armonk, NY, USA) software was
used to perform Fisher’s exact test, chi-square. Categori-
cal variables were expressed by using frequencies (n) and
percentages (%). Statistical significance is defined as p
< 0.05. Sensitivity, specificity, positive- and negative-
predictive values expressed as percentages. Receiver Op-
erating Characteristic (ROC) analysis was used in order to
evaluate diagnostic performance for pancreatic fistula.

Results
In the data set, there were 100 patients who underwent pan-
creatic resection. Of the 100 patients initially enrolled, 13
were excluded from the final analysis due to incomplete
intraoperative documentation, specifically the absence of
recorded pancreatic duct diameter or gland texture, which
were essential variables for applying the proposed risk scor-
ing system. Thirty-four of 87 (39%) patients were female
and 53 (61%) were male, with a median age of 61 years

and 61.5 years, respectively. When patients with and with-
out POPF were compared in terms of age and gender, male
patients exhibited a higher incidence when compared to fe-
males (18.9% vs. 2.9%, p = 0.044). There were no sta-
tistically significant differences in terms of age. The de-
mographic data of the patients and the relation with POPF
formation are shown in Table 2.
The postoperative pathology reports revealed that 45 of
87 (51%) patients had pancreatic ductal adenocarcinoma.
There were 11 (12%) patients with ampullary adenocarci-
noma, 5 patients (6 %) with chronic pancreatitis, 5 patients
(6%) with main duct intraductal papillary mucinous neo-
plasm (IPMN), 4 patients (5%) with pancreatic neuroen-
docrine tumor (PanNET), 4 patients (5%) with duodenal
carcinoma, 3 patients (3.4%) with distal common bile duct
carcinoma, 2 patients (2.3%) with a pancreatic metastasis
of renal cell carcinoma, 2 patients (2.3%) with serous cys-
tic adenoma, 2 patients (2.3%) with solid pseudopapillary
tumor, 1 patient (1.1%) with mucinous cystic neoplasia,
1 patient (1.1%) with side-branch IPMN, 1 (1.1%) patient
with hydatid cysts, and 1 patient with trauma. The patient
who underwent surgery due to trauma was also 1 of 5 pa-
tients who underwent surgery due to chronic pancreatitis.
A comparison of patients with and without clinically rel-
evant postoperative pancreatic fistula (CR-POPF) in terms
of postoperative benign andmalignant pathologies revealed
no statistically significant association with POPF develop-
ment, as assessed by Fisher’s exact test (Table 2).
According to the ISGPF criteria, 17 of 87 (19.5%) patients
had pancreatic fistula formation in the postoperative period.
6 patients (35%)were in concordancewith ISGPF-GradeA,
referred to as biochemical leakage, and were clinically non-
relevant patients. Nine (53%) patients were in concordance
with ISGPF-Grade B fistula, and 2 (12%) patients were in
concordance with ISGPF-Grade C fistula and those patients
were clinically relevant.
The texture of the pancreatic tissue was evaluated as firm in
17 of 87 (19.5%) patients by the operating surgeons. One
patient with a firm pancreas had ISGPF-Grade A POPF. 47
(54%) patients’ tissue texture was considered intermediate
and 10 of those patients had POPF. Three of 10 patients
with POPF had ISGPF-Grade A fistula, 5 of 10 patients had
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Table 2. The demographic data and postoperative pathology of the patients and their relation with clinically relevant POPF and
clinically non-relevant biochemical leakage.

Parameter n (%) of patients
CNR-BL CR-POPF
n (%) n (%)

Gender
Male 53 (61%) 3 (5.7%) 10 (18.9%)
Female 34 (39%) 3 (8.8%) 1 (2.9%)
Total 87 (100%) 6 (6.9%) 11 (12.6%)

Statistical analysis p = 0.044
Malignant pathology

Pancreatic ductal adenocarcinoma 45 (51%) 1 (2.2%) 7 (15.5%)
Ampullary adenocarcinoma 11 (12%) 3 (27.3%) 1 (9.0%)
Main duct IPMN 5 (6%) 0 0
Side-branch IPMN 1 (1.1%) 0 0
Pancreatic neuroendocrine tumor (PanNET) 4 (5%) 0 1 (25%)
Duodenal carcinoma 4 (5%) 0 1 (25%)
Distal common bile duct carcinoma 3 (3.4%) 0 0
RCC metastasis to the pancreas 2 (2.3%) 0 0
Total malignant 75 (86%) 4 (5.3%) 10 (13.3%)

Benign pathology
Chronic pancreatitis 5 (6%) 1 (20%) 0
Serous cystadenoma 2 (2.3%) 0 1
Solid pseudopapillary tumor 2 (2.3%) 0 0
Mucinous cystic neoplasia 1 (1.1%) 0 0
Side-branch IPMN 1 (1.1%) 0 0
Hydatid cyst 1 (1.1%) 0 0
Trauma 1 (1.1%) 1 (100%) 0
Total benign 12 (14%) 2 (16.7%) 1 (8.3%)

Statistical analysis p = 1.000

n, number; POPF, postoperative pancreatic fistula; IPMN, intraductal papillary mucinous neoplasm;
RCC, renal cell carcinoma; CNR-BL, clinically non-relevant biochemical leakage; CR-POPF, clin-
ically relevant postoperative pancreatic fistula.

ISGPF-Grade B and 2 of 10 patients had ISGPF-Grade C
fistula. 23 of 87 (26.5%) patients’ pancreatic texture was
considered as soft. Six of 23 patients with soft pancreatic
tissue developed POPF. Two of 6 patients had ISGPF-Grade
A fistula, while 4 of 6 patients had ISGPF-Grade B fistula
formation.
The mean pancreatic duct diameter of the patients was 3.4
mm. The pancreatic duct diameter was above 5 mm in 8
of 87 (9.1 %) patients. Only one patient developed a bio-
chemical leak (ISGPF Grade A) in this group. The pancre-
atic duct diameter was below or equal to 5 mm and above 3
mm in 26 of 87 patients (29.9%). Three of 26 patients de-
veloped POPF, where one of the three patients with fistula
was in concordance with ISGPF-Grade A fistula, and two
of the 3 patients were in concordance with ISGPF-Grade B.
The pancreatic duct measured below or equal to 3 mm in
53 of 87 patients (61%). 13 of 53 patients developed POPF
during their hospitalization period. 4 of 13 patients were
in concordance with ISGFP-Grade A, 7 of 13 patients were
in concordance with ISGFP-Grade B, and 2 of 13 patients
were in concordance with ISGFP-Grade C. The results are
summarized in Table 3.

The risk scoring system was applied to all patients. Ac-
cording to the results derived from this system, 22 of 87
(25.2%) patients had scores ranging from 1 to 3 and were
classified as low risk for POPF formation. 18 of 87 (20.8%)
patients had 4 points andwere classified as intermediate risk
for POPF formation. 47 of 87 (54%) patients had 6 or 9
points and were classified as high risk for POPF formation.
One of 22 patients in the low-risk group developed a bio-
chemical leak, so there were no clinically relevant POPF as
predicted. Two of 18 patients in the intermediate-risk group
had POPF and both were clinically relevant. 14 of 47 pa-
tients in the high-risk group developed POPF and 9 of 14
patients were clinically relevant (Fig. 1).

The statistical analysis shows that the sensitivity and the
specificity of the scoring system were 82.35% (95% CI:
56.6–96.2) and 52.86% (95% CI: 40.6–64.9) (p = 0.0287),
respectively, while the cut-off value for the risk score was
6. A chi-square test revealed a statistically significant asso-
ciation between the risk group and POPF occurrence (χ2 =
7.099, p = 0.0287). The positive predictive value (PPV) and
the negative predictive value (NPV) of the scoring system
were 29.8% and 92.5% respectively. If the threshold was
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Table 3. Patients’ distribution according to the texture and the pancreatic duct diameter.
Pancreatic gland texture

Pancreatic duct diameter Number of patients
Firm Intermediate Soft

17 47 23

X >5 mm 8 3 5 0
5 mm ≥ X > 3 mm 26 4 18 4
X ≤3 mm 53 10 24 19

X, Pancreatic duct diameter.

Fig. 1. Distribution of patients according to the risk groups. Patients were distrubuted according to risk groups derived from the
proposed scoring system. The number of patients with clinically relevant or non-relevant postoperativ pancreatic fistula is also shown.
CNR-BL: clinically non-relevant biochemical leakage; CR-POPF: clinically relevant postoperative pancreatic fistula. #, number.

set to clinically relevant POPF, then the NPV was 100%.
The accuracy was calculated as 58.6%. The area under the
curve was 0.666 (95% CI: 0.54–0.77). The ROC curve is
shown in Fig. 2.

Discussion

Postoperative pancreatic fistula continues to be one of the
leading causes of morbidity and mortality after pancre-
atic surgery. Fistula formation is considered the key fac-
tor that opens Pandora’s box, leading to complications
such as delayed gastric emptying, sepsis, life-threatening
hemorrhage, multi-organ failure, and mortality [14]. Risk
factors, including BMI [15–17], texture of the pancreatic
parenchyma [18–20], gender [21,22], diameter of the main
pancreatic duct [23–27], pathologic sub-type of the disease
[28] have been studied to understand the pathophysiology
of the fistula development. In order to improve the surgi-
cal outcome, several studies aimed to identify a risk scor-
ing system for detecting high-risk patients for pancreatec-
tomy [29–33]. The current study evaluates the dataset of the

Turkish Hepato Pancreatico Biliary Association and tries to
set up a scoring system to predict the risk of POPF.
The association between demographic features, such as age
and gender, and POPF has been studied before. Yoshioka
et al. [33] claimed that patients younger than 65 years old
have a 3 times greater risk of developing POPF compared
to patients older than 65 years. In two different centers,
Matsusue et al. [34] reported that patient age greater than
70 was an independent risk factor for POPF, while Choe et
al. [35] assigned age greater than 60 as a risk factor. Gen-
der has been evaluated as an independent risk factor and
male sex has been attributed as a high-risk factor for the
POPF. Hu et al. [21] studied 539 patients who underwent
pancreatic surgery and found a statistically significant dif-
ference between male and female patients in terms of POPF
(p < 0.008). Consistent with these findings, our study also
demonstrated a significantly higher rate of POPF among
male patients compared to female patients (18.9% vs. 2.9%,
p = 0.044). This reinforces the notion that male gender may
contribute to increased susceptibility to fistula formation,
potentially due to anatomical or physiological differences.
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Fig. 2. The statistical analysis of the risk scoring system. The
grey lines represent the 95% confidence interval around the ROC
curve. AUC, area under curve.

In contrast, no statistically significant association was ob-
served between patient age and POPF development in our
cohort (mean age: 57.5 vs. 60.8 years, p = 0.309), suggest-
ing that age alone may not be a predictive factor for fistula
formation in this population.
The overall rate of POPF in our study was 19.5%, which is
in concordance with the current literature. The rate of CR-
POPF was 12.6% which is also consistent with the current
data obtained from similar studies [2,36]. Despite the data
being collected from seven different hepatobiliary centers,
the consistency of the results with previous studies may be
related to the surgeons’ experience and their high commit-
ment to the principles of pancreatic surgery.
Vallance et al. [29] published a review article with the aim
of evaluating the recent risk scoring systems for POPF and
classified the studies into three groups according to the time
at which the scoring was applied, as preoperative, periop-
erative and postoperative. Out of the six studies that are
included in the review, only Callery et al.’s study [31] used
intraoperative data while determining the risk groups. They
based their study on four risk factors, whichwere the texture
of the pancreas, the type of pathology, the amount of intra-
operative blood loss and the width of the pancreatic duct.
According to the methodology of their study, a 10-point
risk prediction systemwas defined. They prospectively val-
idated their scoring system on 212 patients and found that
patients with scores of 0 points did not develop a CR-POPF,
while all patients with CR-POPF were patients with scores
of 9 or 10. Their results show a positive predictive value of
87.5% and a negative predictive value of 89.7% for high-
risk patients. They also performed statistical analysis for
the low-risk group patients and found the positive and nega-
tive predictive values as 23.6% and 96.2%, respectively. In
our study, one patient from the low-risk group developed a
biochemical leakage and was clinically non-relevant. Two

of 18 patients in the intermediate-risk group developed CR-
POPF. Fourteen of 47 patients developed POPF in the high-
risk group and 9 of them were clinically relevant. The pos-
itive predictive value and the negative predictive value of
the recent scoring system were 29.8% and 92.5%, respec-
tively. If the threshold was set to CR-POPF, then the NPV
would have been 100%.
Chen et al. [37] aimed to develop a risk scoring system
that uses the intraoperatively obtained data for the predic-
tion of the POPF. They retrospectively evaluated the data
of the 921 patients who underwent pancreatic head resec-
tion and stated that a 6-point scoring system can accurately
predict the CR-POPF. They used BMI, the texture of the
pancreas, the width of the pancreatic duct, and the amount
of intraoperative blood loss while setting the scoring sys-
tem. Their statistical analysis shows that the sensitivity
and specificity rates were 75% and 85% in the low-risk
group, respectively, while the same parameters were 77%
and 63% in the high-risk group, respectively. The sensitiv-
ity and specificity rates of the current study were 82.35%
and 52.86%, respectively. Both studies showed a decline
in terms of specificity.
There are over a hundred risk scoring systems existing in
the current medical literature that aim to predict the risk
of POPF. Having preliminary information about more risky
patients should bring different advantages and may change
surgical or medical strategies such as performing pancreatic
duct stents [38,39] as a prophylactic surgical strategy or us-
ing octreotide analogs [40,41] in the postoperative period
or performing total pancreatectomy in high risk patients,
especially if concomitant vascular resections are being per-
formed.
Verdeyen et al. [42] compared four POPF scoring systems
in their study. They also developed an additional scoring
system by removing the blood loss parameter from the pa-
rameters used in these four scoring systems. As a result of
their evaluation, they claimed that the scoring systems cal-
culated the POPF risk correctly to a large extent and that
effective results could be obtained without the blood loss
parameter. In our study, the POPF risk was also estimated
correctly; no fistula patients were detected in the low-risk
group, while 11 patients in the high-risk group developed
clinically relevant pancreatic fistulas.
Yu et al. [43] developed a scoring system using the pan-
creatic duct index and computed tomography (CT) values
taken two weeks before surgery. The cut section of the pan-
creas was measured tomographically on the CT plain scan
image and accepted as the CT value. After the calculations
they made, they claimed that they could detect the POPF
risk with high accuracy in the preoperative period. Ing-
wersen et al. [44] developed a scoring system for POPF
by using radiomics features of tomography images. They
concluded the study by claiming that they found a new and
promising system with high accuracy for determining the
POPF risk preoperatively. Since our study has an intraop-
erative evaluation, it cannot provide information about the



7 Ann. Ital. Chir., 2025

Kinyas Kartal, et al.

postoperative period in the preoperative term. In this re-
spect, it differs from the study of Yu et al. [43] and Ingw-
ersen et al. [44].
Another advantage of this scoring system may be using the
obtained data for deciding whether the surgery should be
performed by experienced surgeons or by residents or fel-
lows. Sheikh et al. [45] performed a study about the per-
ception of hepato-pancreato-biliary training among general
surgery residents and found that residents who have com-
pleted their surgical training do not feel adequately experi-
enced in performing complex hepato-pancreato-biliary pro-
cedures such as pancreatectomy. Patients with low risk,
according to the data obtained from risk prediction mod-
els, may be good candidates for the training of residents
or hepato-pancreato-biliary fellows. Since our risk scoring
model depends on intraoperative findings and has a nega-
tive predictive value of 92.5% for all types of POPF and
100% for CR-POPF, it may be a good alternative for the
prediction of patients with better surgical prognosis intra-
operatively.
Kawahara et al. [46] sent a questionnaire to 71 institu-
tions and studied the results of 1134 patients who under-
went pancreas surgery with the aim of evaluating the effect
of experience in hepato-pancreato-biliary surgery. They
grouped the surgeons who performed pancreatectomies ac-
cording to their post-graduate years. Group 1 consisted of
surgeons who were working for less than 10 years, called
younger surgeons, while the second group consisted of sur-
geons who had been working as surgeons for more than 10
years. According to their study, the incidence of CR-POPF
rate was significantly higher for the operations performed
by younger surgeons. But in the methods section, it is stated
that the risk scoring systems were not taken into account
during the case selection. In our opinion, the results of the
current study could have been different if the case selection
and patient match were based on a risk prediction model,
which identifies the low-risk patients for pancreatic surgery.
In that way, maybe, the younger surgeons and the residents
might have the opportunity of performing pancreatectomy
in less risky patients to obtain better surgical results and
avoid risks. We believe that our risk scoring model is a
simple and feasible alternative for selecting patients with a
good prognosis and, therefore, a useful tool for deciding the
eligible patients for the education of health professionals in
the field of hepatopancreatobiliary surgery.
This study has some limitations. First of all, this study is a
retrospective study with a limited number of patients. Be-
sides, due to the multicentric nature of the study, variations
in technical skills and postoperative management strate-
gies may affect the results. On the other hand, all centers
included in the study mainly follow similar protocols ac-
cepted by the Turkish Hepato Pancreatico Biliary Surgery
Association and all the centers have acceptable mortality
and morbidity rates consistent with the current literature;
we do not expect these limitations to lead to a statistically
significant difference. The fact that left and right-sided pan-

createctomies and the sewing techniqueswere not evaluated
separately may be another limitation of the study. Since we
primarily aimed to focus on pancreatic tissue and pancre-
atic duct diameter, we considered the side and the type of
surgery and the type of sewing technique of the pancreatic
stump as negligible. Although only the pancreatic duct di-
ameter and the hardness of the pancreatic tissue were exam-
ined in our study may be seen as a limitation, we consider
this a feature of the study rather than a limitation, since our
aim was to create a simple and easily applicable scoring
system with as few parameters as possible.

Conclusions
As a conclusion, when this easy and feasible scoring system
is applied to the patients, individuals who are less likely to
develop POPF can be estimated intraoperatively and this
estimation might help identify patients who are less prone
to complications. That information may be important while
deciding the eligible patients for the education of the hep-
atopancreatobiliary surgery.

Availability of Data and Materials
The datasets generated and analyzed during the current
study are available from the corresponding author upon rea-
sonable request.

Author Contributions
KKartal and ME conceptualized the study and drafted the
manuscript. AB, AC, BA, KKarayalcin, MKerem, MKa-
pan, OA, SK, TU, YT, and ME contributed to patient en-
rollment, surgical data acquisition, and critical review of the
manuscript. ME and AC supervised the statistical analysis.
All authors contributed to the interpretation of the results,
revised the manuscript critically for important intellectual
content, and approved the final version of the manuscript.
All authors have participated sufficiently in the work and
agreed to be accountable for all aspects of the work.

Ethics Approval and Consent to Participate
Ethics approval was obtained from the Institutional Review
Board of the Ethics and Research Committee of the Koc
University Hospital (2017.003.IRB1.003). Since this was
a retrospective study based on anonymized data, informed
consent from individual patients was not required. The
study conformed to the provisions of the Declaration of
Helsinki.

Acknowledgment
All contributing authors are members of the Turkish Hepato
Pancreatico Biliary Association. The patient data analysed
in this study were obtained through its centralized, web-
based data collection system. The collaborative infrastruc-
ture provided by the Association played a pivotal role in
enabling this multi-institutional research effort.



8 Ann. Ital. Chir., 2025

Kinyas Kartal, et al.

Funding
This research received no external funding.

Conflict of Interest
The authors declare no conflict of interest.

References
[1] Bassi C, Dervenis C, Butturini G, Fingerhut A, Yeo C, Izbicki J, et

al. Postoperative pancreatic fistula: an international study group (IS-
GPF) definition. Surgery. 2005; 138: 8–13. https://doi.org/10.1016/
j.surg.2005.05.001.

[2] Bassi C, Marchegiani G, Dervenis C, Sarr M, Abu Hilal M, Adham
M, et al. The 2016 update of the International Study Group (ISGPS)
definition and grading of postoperative pancreatic fistula: 11 Years
After. Surgery. 2017; 161: 584–591. https://doi.org/10.1016/j.surg
.2016.11.014.

[3] Belyaev O, Munding J, Herzog T, Suelberg D, Tannapfel A, Schmidt
WE, et al. Histomorphological features of the pancreatic remnant
as independent risk factors for postoperative pancreatic fistula: a
matched-pairs analysis. Pancreatology: Official Journal of the In-
ternational Association of Pancreatology (IAP) ... [et Al.]. 2011; 11:
516–524. https://doi.org/10.1159/000332587.

[4] Cameron JL, Riall TS, Coleman J, Belcher KA. One thousand con-
secutive pancreaticoduodenectomies. Annals of Surgery. 2006; 244:
10–15. https://doi.org/10.1097/01.sla.0000217673.04165.ea.

[5] DeOliveira ML, Winter JM, Schafer M, Cunningham SC, Cameron
JL, Yeo CJ, et al. Assessment of complications after pancre-
atic surgery: A novel grading system applied to 633 patients
undergoing pancreaticoduodenectomy. Annals of Surgery. 2006;
244: 931–931–7; discussion 937–9. https://doi.org/10.1097/01.sla.
0000246856.03918.9a.

[6] Sato N, Yamaguchi K, Chijiiwa K, Tanaka M. Risk analysis of pan-
creatic fistula after pancreatic head resection. Archives of Surgery
(Chicago, Ill.: 1960). 1998; 133: 1094–1098. https://doi.org/10.
1001/archsurg.133.10.1094.

[7] Mostafa A, Habeeb TA, Neri V, Elshahidy TM, A Fiad A. Risk
factors for postoperative pancreatic fistula following non-traumatic,
pancreatic surgery. Retrospective observational study. Annali Ital-
iani Di Chirurgia. 2023; 94: 435–442.

[8] Hashimoto Y, Traverso LW. Incidence of pancreatic anastomotic
failure and delayed gastric emptying after pancreatoduodenectomy
in 507 consecutive patients: use of a web-based calculator to im-
prove homogeneity of definition. Surgery. 2010; 147: 503–515.
https://doi.org/10.1016/j.surg.2009.10.034.

[9] Gaujoux S, Cortes A, Couvelard A, Noullet S, Clavel L, Rebours V,
et al. Fatty pancreas and increased body mass index are risk factors
of pancreatic fistula after pancreaticoduodenectomy. Surgery. 2010;
148: 15–23. https://doi.org/10.1016/j.surg.2009.12.005.

[10] Suzuki Y, Fujino Y, Tanioka Y, Hori Y, Ueda T, Takeyama Y, et al.
Randomized clinical trial of ultrasonic dissector or conventional di-
vision in distal pancreatectomy for non-fibrotic pancreas. The British
Journal of Surgery. 1999; 86: 608–611. https://doi.org/10.1046/j.
1365-2168.1999.01120.x.

[11] Erkan M, Kleeff J, Reiser C, Hinz U, Esposito I, Friess H, et al.
Preoperative acute pancreatitis in periampullary tumors: implica-
tions for surgical management. Digestion. 2007; 75: 165–171. https:
//doi.org/10.1159/000106799.

[12] Scheufele F, Aichinger L, Jäger C, Demir IE, Schorn S, Sargut M, et
al. Effect of preoperative biliary drainage on bacterial flora in bile of
patients with periampullary cancer. The British Journal of Surgery.
2017; 104: e182–e188. https://doi.org/10.1002/bjs.10450.

[13] He C, Zhang Y, Li L, Zhao M, Wang C, Tang Y. Risk factor analysis
and prediction of postoperative clinically relevant pancreatic fistula
after distal pancreatectomy. BMC Surgery. 2023; 23: 5. https://doi.
org/10.1186/s12893-023-01907-w.

[14] Kneuertz PJ, Pitt HA, Bilimoria KY, Smiley JP, Cohen ME, Ko CY,

et al. Risk of morbidity and mortality following hepato-pancreato-
biliary surgery. Journal of Gastrointestinal Surgery: Official Journal
of the Society for Surgery of the Alimentary Tract. 2012; 16: 1727–
1735. https://doi.org/10.1007/s11605-012-1938-y.

[15] Sato N, Tamura T, Minagawa N, Hirata K. Preoperative body mass
index-to-prognostic nutritional index ratio predicts pancreatic fistula
after pancreaticoduodenectomy. Hepatobiliary Surgery and Nutri-
tion. 2016; 5: 256–262. https://doi.org/10.21037/hbsn.2015.12.08.

[16] Rosso E, Casnedi S, Pessaux P, Oussoultzoglou E, Panaro F, Mahfud
M, et al. The role of “fatty pancreas” and of BMI in the occurrence
of pancreatic fistula after pancreaticoduodenectomy. Journal of Gas-
trointestinal Surgery: Official Journal of the Society for Surgery of
the Alimentary Tract. 2009; 13: 1845–1851. https://doi.org/10.1007/
s11605-009-0974-8.

[17] ShimodaM, KatohM, Yukihiro I, Kita J, Sawada T, Kubota K. Body
mass index is a risk factor of pancreatic fistula after pancreaticoduo-
denectomy. The American Surgeon. 2012; 78: 190–194.

[18] Martin AN, Narayanan S, Turrentine FE, Bauer TW, Adams RB,
Zaydfudim VM. Pancreatic duct size and gland texture are associ-
ated with pancreatic fistula after pancreaticoduodenectomy but not
after distal pancreatectomy. PloS One. 2018; 13: e0203841. https:
//doi.org/10.1371/journal.pone.0203841.

[19] Marchegiani G, Ballarin R, Malleo G, Andrianello S, Allegrini V,
Pulvirenti A, et al. Quantitative Assessment of Pancreatic Texture
Using a Durometer: A New Tool to Predict the Risk of Developing
a Postoperative Fistula. World Journal of Surgery. 2017; 41: 2876–
2883. https://doi.org/10.1007/s00268-017-4073-9.

[20] Poon RTP, Fan ST, Lo CM, Ng KK, YuenWK, Yeung C, et al. Exter-
nal drainage of pancreatic duct with a stent to reduce leakage rate of
pancreaticojejunostomy after pancreaticoduodenectomy: a prospec-
tive randomized trial. Annals of Surgery. 2007; 246: 425–425–33;
discussion 433–5. https://doi.org/10.1097/SLA.0b013e3181492c28.

[21] Hu BY, Wan T, Zhang WZ, Dong JH. Risk factors for postopera-
tive pancreatic fistula: Analysis of 539 successive cases of pancre-
aticoduodenectomy. World Journal of Gastroenterology. 2016; 22:
7797–7805. https://doi.org/10.3748/wjg.v22.i34.7797.

[22] Kawai M, Kondo S, Yamaue H, Wada K, Sano K, Motoi F, et al.
Predictive risk factors for clinically relevant pancreatic fistula an-
alyzed in 1,239 patients with pancreaticoduodenectomy: multicen-
ter data collection as a project study of pancreatic surgery by the
Japanese Society of Hepato-Biliary-Pancreatic Surgery. Journal of
Hepato-biliary-pancreatic Sciences. 2011; 18: 601–608. https://doi.
org/10.1007/s00534-011-0373-x.

[23] Chen CB, McCall NS, Pucci MJ, Leiby B, Dabbish N, Winter JM, et
al. The Combination of Pancreas Texture and Postoperative Serum
Amylase in Predicting Pancreatic Fistula Risk. The American Sur-
geon. 2018; 84: 889–896.

[24] Lee SE, Jang JY, Lim CS, Kang MJ, Kim SH, Kim MA, et al. Mea-
surement of pancreatic fat by magnetic resonance imaging: predict-
ing the occurrence of pancreatic fistula after pancreatoduodenec-
tomy. Annals of Surgery. 2010; 251: 932–936. https://doi.org/10.
1097/SLA.0b013e3181d65483.

[25] Braga M, Capretti G, Pecorelli N, Balzano G, Doglioni C, Ariotti R,
et al. A prognostic score to predict major complications after pan-
creaticoduodenectomy. Annals of Surgery. 2011; 254: 702–702–7;
discussion 707–8. https://doi.org/10.1097/SLA.0b013e31823598fb.

[26] Barbier L, Mège D, Reyre A, Moutardier VM, Ewald JA, Delpero
JR. Predict pancreatic fistula after pancreaticoduodenectomy: ratio
body thickness/main duct. ANZ Journal of Surgery. 2018; 88: E451–
E455. https://doi.org/10.1111/ans.14048.

[27] Sugimoto M, Takahashi S, Kojima M, Kobayashi T, Gotohda N,
Konishi M. In Patients with a Soft Pancreas, a Thick Parenchyma,
a Small Duct, and Fatty Infiltration Are Significant Risks for Pan-
creatic Fistula After Pancreaticoduodenectomy. Journal of Gastroin-
testinal Surgery: Official Journal of the Society for Surgery of
the Alimentary Tract. 2017; 21: 846–854. https://doi.org/10.1007/
s11605-017-3356-7.

https://doi.org/10.1016/j.surg.2005.05.001
https://doi.org/10.1016/j.surg.2005.05.001
https://doi.org/10.1016/j.surg.2016.11.014
https://doi.org/10.1016/j.surg.2016.11.014
https://doi.org/10.1159/000332587
https://doi.org/10.1097/01.sla.0000217673.04165.ea
https://doi.org/10.1097/01.sla.0000246856.03918.9a
https://doi.org/10.1097/01.sla.0000246856.03918.9a
https://doi.org/10.1001/archsurg.133.10.1094
https://doi.org/10.1001/archsurg.133.10.1094
https://doi.org/10.1016/j.surg.2009.10.034
https://doi.org/10.1016/j.surg.2009.12.005
https://doi.org/10.1046/j.1365-2168.1999.01120.x
https://doi.org/10.1046/j.1365-2168.1999.01120.x
https://doi.org/10.1159/000106799
https://doi.org/10.1159/000106799
https://doi.org/10.1002/bjs.10450
https://doi.org/10.1186/s12893-023-01907-w
https://doi.org/10.1186/s12893-023-01907-w
https://doi.org/10.1007/s11605-012-1938-y
https://doi.org/10.21037/hbsn.2015.12.08
https://doi.org/10.1007/s11605-009-0974-8
https://doi.org/10.1007/s11605-009-0974-8
https://doi.org/10.1371/journal.pone.0203841
https://doi.org/10.1371/journal.pone.0203841
https://doi.org/10.1007/s00268-017-4073-9
https://doi.org/10.1097/SLA.0b013e3181492c28
https://doi.org/10.3748/wjg.v22.i34.7797
https://doi.org/10.1007/s00534-011-0373-x
https://doi.org/10.1007/s00534-011-0373-x
https://doi.org/10.1097/SLA.0b013e3181d65483
https://doi.org/10.1097/SLA.0b013e3181d65483
https://doi.org/10.1097/SLA.0b013e31823598fb
https://doi.org/10.1111/ans.14048
https://doi.org/10.1007/s11605-017-3356-7
https://doi.org/10.1007/s11605-017-3356-7


9 Ann. Ital. Chir., 2025

Kinyas Kartal, et al.

[28] van Berge Henegouwen MI, De Wit LT, Van Gulik TM, Obertop H,
Gouma DJ. Incidence, risk factors, and treatment of pancreatic leak-
age after pancreaticoduodenectomy: drainage versus resection of the
pancreatic remnant. Journal of the American College of Surgeons.
1997; 185: 18–24. https://doi.org/10.1016/s1072-7515(97)00007-0.

[29] Vallance AE, Young AL, Macutkiewicz C, Roberts KJ, Smith AM.
Calculating the risk of a pancreatic fistula after a pancreaticoduo-
denectomy: a systematic review. HPB: the Official Journal of the
International Hepato Pancreato BiliaryAssociation. 2015; 17: 1040–
1048. https://doi.org/10.1111/hpb.12503.

[30] Roberts KJ, Sutcliffe RP, Marudanayagam R, Hodson J, Isaac J,
Muiesan P, et al. Scoring System to Predict Pancreatic Fistula Af-
ter Pancreaticoduodenectomy: A UK Multicenter Study. Annals
of Surgery. 2015; 261: 1191–1197. https://doi.org/10.1097/SLA.
0000000000000997.

[31] Callery MP, Pratt WB, Kent TS, Chaikof EL, Vollmer CM, Jr. A
prospectively validated clinical risk score accurately predicts pan-
creatic fistula after pancreatoduodenectomy. Journal of the Ameri-
can College of Surgeons. 2013; 216: 1–14. https://doi.org/10.1016/
j.jamcollsurg.2012.09.002.

[32] Yamamoto Y, Sakamoto Y, Nara S, Esaki M, Shimada K, Ko-
suge T. A preoperative predictive scoring system for postopera-
tive pancreatic fistula after pancreaticoduodenectomy. World Jour-
nal of Surgery. 2011; 35: 2747–2755. https://doi.org/10.1007/
s00268-011-1253-x.

[33] Yoshioka R, Saiura A, Koga R, Seki M, Kishi Y, Morimura
R, et al. Risk factors for clinical pancreatic fistula after dis-
tal pancreatectomy: analysis of consecutive 100 patients. World
Journal of Surgery. 2010; 34: 121–125. https://doi.org/10.1007/
s00268-009-0300-3.

[34] Matsusue S, Takeda H, Nakamura Y, Nishimura S, Koizumi S. A
prospective analysis of the factors influencing pancreaticojejunos-
tomy performed using a single method, in 100 consecutive pan-
creaticoduodenectomies. Surgery Today. 1998; 28: 719–726. https:
//doi.org/10.1007/BF02484618.

[35] Choe YM, Lee KY, Oh CA, Lee JB, Choi SK, Hur YS, et al. Risk
factors affecting pancreatic fistulas after pancreaticoduodenectomy.
World Journal of Gastroenterology. 2008; 14: 6970–6974. https://do
i.org/10.3748/wjg.14.6970.

[36] Loos M, Strobel O, Legominski M, Dietrich M, Hinz U, Brenner T,
et al. Postoperative pancreatic fistula: Microbial growth determines
outcome. Surgery. 2018; 164: 1185–1190. https://doi.org/10.1016/j.
surg.2018.07.024.

[37] Chen JY, Feng J, Wang XQ, Cai SW, Dong JH, Chen YL. Risk scor-
ing system and predictor for clinically relevant pancreatic fistula af-
ter pancreaticoduodenectomy. World Journal of Gastroenterology.
2015; 21: 5926–5933. https://doi.org/10.3748/wjg.v21.i19.5926.

[38] Motoi F, Egawa S, Rikiyama T, Katayose Y, Unno M. Random-
ized clinical trial of external stent drainage of the pancreatic duct
to reduce postoperative pancreatic fistula after pancreaticojejunos-
tomy. The British Journal of Surgery. 2012; 99: 524–531. https:

//doi.org/10.1002/bjs.8654.
[39] Wang G, Sun B, Jiang H, Li L, Ma Y, Wu L, et al. A prospective

randomized controlled trial of pancreatic duct stent internal versus
external drainage with pancreaticojejunostomy for the early cura-
tive effect after pancreaticoduodenectomy. ZhonghuaWai Ke Za Zhi
[Chinese Journal of Surgery]. 2014; 52: 333–337. (In Chinese)

[40] You DD, Paik KY, Park IY, Yoo YK. Randomized controlled study
of the effect of octreotide on pancreatic exocrine secretion and
pancreatic fistula after pancreatoduodenectomy. Asian Journal of
Surgery. 2019; 42: 458–463. https://doi.org/10.1016/j.asjsur.2018.
08.006.

[41] Fernández-Cruz L, Jiménez Chavarría E, Taurà P, Closa D, Boado
MAL, Ferrer J. Prospective randomized trial of the effect of oc-
treotide on pancreatic juice output after pancreaticoduodenectomy
in relation to histological diagnosis, duct size and leakage. HPB: the
Official Journal of the International Hepato Pancreato Biliary As-
sociation. 2013; 15: 392–399. https://doi.org/10.1111/j.1477-2574.
2012.00608.x.

[42] Verdeyen N, Gryspeerdt F, Abreu de Carvalho L, Dries P, Berrevoet
F. A Comparison of Preoperative Predictive Scoring Systems for
Postoperative Pancreatic Fistula after Pancreaticoduodenectomy
Based on a Single-Center Analysis. Journal of Clinical Medicine.
2024; 13: 3286. https://doi.org/10.3390/jcm13113286.

[43] Yu J, Ren CY, Wang J, Cui W, Zhang JJ, Wang YJ. Establish-
ment of risk prediction model of postoperative pancreatic fistula af-
ter pancreatoduodenectomy: 2016 edition of definition and grad-
ing system of pancreatic fistula: a single center experience with
223 cases. World Journal of Surgical Oncology. 2021; 19: 257.
https://doi.org/10.1186/s12957-021-02372-6.

[44] Ingwersen EW, Bereska JI, Balduzzi A, Janssen BV, Besselink
MG, Kazemier G, et al. Radiomics preoperative-Fistula Risk Score
(RAD-FRS) for pancreatoduodenectomy: development and external
validation. BJS Open. 2023; 7: zrad100. https://doi.org/10.1093/bj
sopen/zrad100.

[45] Sheikh MR, Osman H, Butt MU, Jeyarajah DR. Perception of train-
ing in hepatopancreatobiliary surgery among general surgery res-
idents in the Americas. HPB: the Official Journal of the Interna-
tional Hepato Pancreato Biliary Association. 2016; 18: 1039–1045.
https://doi.org/10.1016/j.hpb.2016.08.004.

[46] Kawahara R, Akasu G, Ishikawa H, Yasunaga M, Kinoshita H. A
questionnaire on the educational system for pancreatoduodenectomy
performed in 1,134 patients in 71 institutions as members of the
Japanese Society of Pancreatic Surgery. Journal of Hepato-biliary-
pancreatic Sciences. 2013; 20: 173–185. https://doi.org/10.1007/
s00534-012-0505-y.

© 2025 The Author(s).

https://doi.org/10.1016/s1072-7515(97)00007-0
https://doi.org/10.1111/hpb.12503
https://doi.org/10.1097/SLA.0000000000000997
https://doi.org/10.1097/SLA.0000000000000997
https://doi.org/10.1016/j.jamcollsurg.2012.09.002
https://doi.org/10.1016/j.jamcollsurg.2012.09.002
https://doi.org/10.1007/s00268-011-1253-x
https://doi.org/10.1007/s00268-011-1253-x
https://doi.org/10.1007/s00268-009-0300-3
https://doi.org/10.1007/s00268-009-0300-3
https://doi.org/10.1007/BF02484618
https://doi.org/10.1007/BF02484618
https://doi.org/10.3748/wjg.14.6970
https://doi.org/10.3748/wjg.14.6970
https://doi.org/10.1016/j.surg.2018.07.024
https://doi.org/10.1016/j.surg.2018.07.024
https://doi.org/10.3748/wjg.v21.i19.5926
https://doi.org/10.1002/bjs.8654
https://doi.org/10.1002/bjs.8654
https://doi.org/10.1016/j.asjsur.2018.08.006
https://doi.org/10.1016/j.asjsur.2018.08.006
https://doi.org/10.1111/j.1477-2574.2012.00608.x
https://doi.org/10.1111/j.1477-2574.2012.00608.x
https://doi.org/10.3390/jcm13113286
https://doi.org/10.1186/s12957-021-02372-6
https://doi.org/10.1093/bjsopen/zrad100
https://doi.org/10.1093/bjsopen/zrad100
https://doi.org/10.1016/j.hpb.2016.08.004
https://doi.org/10.1007/s00534-012-0505-y
https://doi.org/10.1007/s00534-012-0505-y
https://creativecommons.org/licenses/by/4.0/

	Introduction
	Methods and Patients
	Data Collection
	Surgical Techniques
	Postoperative Pancreatic Fistula Definition and Grading Criteria
	POPF Risk Scoring Model
	Statistical Analysis

	Results
	Discussion
	Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

