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INTRODUCTION
Pancreatic resections are associated with a high risk of 

postoperative surgical complications [1]. According to the 
reviewed literature, they may affect up to 50% of patients 

[1]. Resection of pancreatic neuroendocrine tumors (NETs) 
carries a higher risk of postoperative complications compared 
to resections of adenocarcinomas and inflammatory tumors 
[2]. One of the most common complications after pancreatic 
resections for NETs is pancreatic fistula occurring in 5%–30% 
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Purpose: This study was performed to evaluate the utility of the fistula risk score (FRS) and its components in predicting 
the occurrence of postoperative pancreatic fistula and other significant postoperative complications after resections of 
pancreatic neuroendocrine tumors. 
Methods: Retrospective analysis of 131 patients operated on for pancreatic neuroendocrine tumors between 2015 and 2021 
was performed. The correlation of the FRS scale with the occurrence of postoperative pancreatic fistulas and postoperative 
complications according to the Clavien-Dindo classification was analyzed; only in 109 cases of distal resections and 
pancreatoduodenectomies (PD). 
Results: Soft pancreatic texture and intraoperative blood loss of >700 mL are risk factors for clinically significant 
pancreatic fistula (P = 0.001 and P = 0.001, respectively) and significant postoperative complications (P = 0.016 and P = 
0.001, respectively). Wirsung duct diameter (WDD) was associated only with the occurrence of postoperative pancreatic 
fistula (P = 0.013). FRS scale is associated with the occurrence of pancreatic fistulas and clinically significant postoperative 
complications in cases of distal resections and PDs (P < 0.001 and P = 0.005, respectively). Postoperative complications 
are correlated with the occurrence of fistula type B or C (P < 0.001). 
Conclusion: Soft pancreatic texture, intraoperative blood loss of >700 mL, and a WDD of ≤3 mm are risk factors 
for clinically significant postoperative pancreatic fistula. FRS may be applied not only in PDs but also in distal 
pancreatectomies. Unfortunately, it is not used in total pancreatic resections and enucleations since FRS takes into 
account the WDD. 
[Ann Surg Treat Res 2022;103(6):340-349]
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of cases [3,4]. The International Study Group of Pancreatic 
Fistula (ISGPF) has systematized the division and definition 
of pancreatic fistulas [5]. The clinically relevant fistulas are of 
types B and C, as they require intervention and treatment [5]. 
Furthermore, type C pancreatic fistulas are associated with a 
high risk of patient death [5]. 

This is particularly important in NETs, as some of these 
tumors can be subjected to observation and do not require 
immediate resection (tumors that meet the criteria defined 
by the European Neuroendocrine Tumor Society) [6]. This 
applies to asymptomatic NETs of 1–2 cm, in which decisions 
on whether to perform resection or not are made for each 
individual patient [6]. The use of the fistula risk score 
(FRS) scale and the determination of its association with 
postoperative pancreatic fistula and severe complications on 
the Clavien-Dindo grade (≥III) can also facilitate decisions 
regarding the use of early prophylaxis of complications in the 
postoperative period in resected patients. 

Knowledge of risk factors of postoperative complications 
allows for better planning of the surgery and reduces their 
incidence of complications. This applies to pancreatoduodenec-
tomy, distal pancreatectomy, and enucleation as well as total 
pancreatectomy [7,8]. According to some authors, risk factors for 
postoperative complications include age, chronic diseases, and 
obesity [8,9]. Risk factors for postoperative pancreatic fistula 
include soft pancreatic texture, intraoperative blood loss, and 
Wirsung duct diameter of <3 mm, as well as the histopathologic 
type of resected tumor [9,10], which are all included in the FRS 
used to predict the occurrence of postoperative pancreatic fistula 
[10]. It is a scale validated mainly in pancreatoduodenectomies 
performed for pancreatic adenocarcinoma [11]. The rarity of 
pancreatic NETs (1–2/100,000 people) [12], as well as a relatively 
small number of publications regarding the use of the FRS scale 
in NET resections, prompted us to evaluate the relationship 
between this scale and the occurrence of postoperative 
complications in pancreatic NETs.

The aim of this study was to evaluate the utility of the FRS 
scale and the significance of individual risk factors included in it 
in predicting the occurrence of postoperative pancreatic fistulas 
which were assessed according to the ISGPF classification, as 
well as other major postoperative complications according to 
the Clavien-Dindo classification after resections of pancreatic 
NETs.

METHODS
This was a retrospective study of medical records and all 

data had been fully anonymized before we accessed them. 
Written informed consent was obtained from all participants. 
All procedures were in accordance with the 1964 Helsinki 
declaration regarding medical research involving human 

subjects and its later amendments or comparable ethical 
standards. Our retrospective analysis of patients’ medical 
records fell into a category exempt from Institutional Review 
Board approval according to local laws. 

A retrospective analysis of 131 patients operated on for 
pancreatic NETs between 2015 and 2021 at the Department 
of Gastrointestinal Surgery of University Clinical Center in 
Katowice was performed. The analysis included pancreatoduo-
denectomies, distal pancreatectomies, total pancreatectomies, 
and enucleations. In order to standardize the study group, all 
analyzed procedures were performed by laparotomy. Clinical 
data (age, sex) of patients, data from operation protocols (type of 
surgery performed, intraoperative blood loss, pancreatic texture, 
diameter of Wirsung duct, and location of tumor within the 
pancreas), and the correlation of FRS scale with the occurrence 
of postoperative pancreatic fistulas assessed according to 
ISGPF classification [5], as well as postoperative complications 
assessed according to the Clavien-Dindo classification [13], were 
analyzed.

Type B and C pancreatic fistulas were considered clinically 
significant, as they require treatment [5]. Complications of 
grade III and above on the Clavien-Dindo classification were 
considered significant. The pancreatic texture was assessed 
during intraoperative examination by the operating surgeon. 
Assessment of pancreatic texture is subjective. However, 
when performed by a surgeon with extensive experience in 
pancreatic surgery, it is considered a reliable and accepted 
method according to studies [14]. A small Wirsung duct was 
defined based on its diameter (≤3 mm). Conversely, if the 
pancreatic duct diameter was >3 mm, it was considered dilated. 
Intraoperative blood loss was divided into 3 groups (≤400 mL, 
401–700 mL, and 701–1,000 mL) [10].

The FRS scale is used to assess the risk of pancreatic fistula. 
The number of points obtained on the FRS scale allows the 
patient to be classified in the appropriate pancreatic fistula risk 
group [10]: 0 point, insignificant; 1–2 points, low-risk group; 3–6 
points, medium risk group; and 7–10 points, high-risk group [10].

From the analyses regarding the association of the risk of 
pancreatic fistula according to the FRS scale with the actual 
occurrence of pancreatic fistula, enucleation procedures (lack of 
possibility of intraoperative assessment of the diameter of the 
pancreatic duct), as well as total pancreatectomies (the entire 
organ is removed and therefore there are no pancreatic fistulas 
postoperatively) were excluded.

A descriptive analysis was performed. A 95% confidence 
interval (CI) was used and the distribution of quantitative 
variables was analyzed. In case of variables with distribution 
close to normal, their mean with standard deviation was given; 
in cases of distribution different from normal, their median 
with interquartile range was given. Correlation analysis was 
performed between clinical parameters and postoperative 
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complications, where P < 0.05 was considered statistically 
significant. The chi-square test or Fischer exact test when 
needed was used during the analysis of nominal variables. The 
strength of correlation was calculated using the Phi coefficient 
for 2 × 2 tables or Cramer’s V for larger ones. Correlations 
between quantitative and qualitative variables were calculated 
using the Eta test (for calculating correlation coefficient) and 
point biserial correlation (for calculating P-value). Multivariate, 
binary regression analysis was performed. All calculations, 
as well as statistical analysis, were performed in IBM SPSS 
Statistics ver. 26 (IBM Corp., Armonk, NY, USA).

RESULTS
The analysis included 77 female (58.8%) and 54 male patients 

(41.2%). The median age of the patients was 58 years. Among 
the operated patients, 65 (49.6%) had tumors located in the 
body of the pancreas, 42 (32.1%) in the head, 19 (14.5%) in the 
tail, and in 5 cases (3.8%) the lesions were multifocal and 
located throughout the organ. In the case of multifocal lesions, 
all patients had a diagnosis of multiple endocrine neoplasia 
type 1 syndrome.

Of the total procedures performed, there were 78 distal 
pancreatectomies (59.5%), 31 pancreatoduodenectomies (23.7%), 
16 enucleations (12.2%), and 6 total pancreatectomies (4.6%). 
All procedures (100%) were performed by laparotomy. Among 
the patients included in the analysis (total pancreatectomies 
were excluded), pancreatic fistulas occurred in 57 cases (43.5%). 
Thirty-eight patients (29.0%) had type A fistulas (biochemical); 
13 (9.9%) had type B fistulas; and 6 (4.6%) had type C fistulas. 
Clinically significant pancreatic fistula occurred in 3 cases of 
pancreatoduodenectomy (9.7%), 15 cases of distal resection 
(19.2%), and 1 enucleation (6.3%). In cases of other surgical 
complications that were clinically significant according to 
the Clavien-Dindo classification, 3 pancreatoduodenectomy 
pancreatic anastomosis failures (9.7%), 2 biliary anastomosis 
failures (6.5%), and 1 gastrointestinal anastomosis (3.2%) 
occurred. Biliary anastomosis failure also occurred in 
2 patients (33.3%) undergoing total pancreatectomy. An 
intraabdominal abscess was found in 2 patients (6.5%) after 
pancreatoduodenectomy and 3 (3.8%) after distal resection. 
Postoperative acute pancreatitis occurred in 1 case of 
pancreatoduodenectomy (3.2%), and 2 (2.6%) after peripheral 
pancreatic resection. Postoperative hemorrhage occurred in 1 
patient (1.3%) after distal, and in 2 patients (33.3%) after total 
pancreatectomy. In 3 cases (2.3%), patient death occurred—2 
times after pancreatoduodenectomy (one for surgical reasons 
[pancreatic anastomosis failure complicated by peritonitis] and 
another because of respiratory failure during multiorgan failure), 
and 1 after total pancreatectomy (due to multiorgan failure). The 
characteristics of patient intraoperative as well as postoperative 

data of the analyzed group are presented in Table 1.

Pancreas texture
The relationship of pancreatic fistula occurrence with 

pancreatic texture was established. Type B or C fistula occurred 
in 4 cases (4.7%) of firm pancreatic texture and in 15 cases (37.5%) 
in which the pancreas was described as soft (P < 0.001, Phi = 
0.447, moderate correlation strength). A correlation between 
clinically relevant complications and pancreatic texture was 
found. The soft pancreatic texture was associated with a higher 

Table 1. Patient characteristics and intraoperative and 
postoperative data of the analyzed group

Variable Data

No. of patients 131
Sex, female:male 77 (58.8):54 (41.2)
Age (yr) 58.0 (45–67)
Location of the tumor in the pancreas

Head 42 (32.1)
Body 65 (49.6)
Tail 19 (14.5)
Multifocal lesions 5 (3.8)

Type of performed surgery
Pancreatoduodenectomy 31 (23.7)
Distal pancreatectomy 78 (59.5)
Total pancreatectomy 6 (4.6)
Enucleation 16 (12.2)

Pancreas texture
Firm 88 (67.2)
Soft 43 (32.8)

Wirsung’s duct diametera) (mm)
≤3 102 (93.6)
>3 7 (6.4)

Intraoperative blood loss (mL)
≤400 38 (29.0)
401–700 85 (64.9)
701–1,000 8 (6.1)

Risk of postoperative fistulaa,b)

Low 4 (3.7)
Medium 76 (69.7)
High 29 (26.6)

Postoperative pancreatic fistula
Lack of fistula 74 (56.5)
Biochemical fistula (former type A) 38 (29.0)
Type B 13 (9.9)
Type C 6 (4.6)

Clavien-Dindo classification
No complications 16 (12.2)
I–II 85 (64.9)
III–IV 27 (20.6)
V 3 (2.3)

Values are presented as number only, number (%), or median 
(interquartile range). 
a)Not applicable to enucleations and pancreatectomies.
b)According to the fistula risk score.
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incidence of clinically significant complications according to the 
Clavien-Dindo classification (P < 0.001, Phi = 0.407, moderate 
correlation strength). Of the 43 cases in which the pancreas 
was defined as soft, 18 (41.9%) were associated with clinically 
significant complications. The above-mentioned correlations are 
presented in Table 2.

Wirsung duct diameter
The association of Wirsung duct diameter with the 

occurrence of clinically significant pancreatic fistulas was also 
evaluated. The pancreatic duct was associated with type B and 
C fistulas (P = 0.013, Eta = 0.216, weak correlation). There was 
no association between Wirsung duct diameter and the Clavien-
Dindo grade of postoperative complications (P > 0.05) (Table 3).

Intraoperative blood loss
As the amount of intraoperative blood loss increases, the 

incidence of clinically relevant pancreatic fistulas increases (P 
= 0.019, Phi = 0.316, moderate strength of correlation). Higher 
intraoperative blood loss is associated with higher severity of 
postoperative complications on the Clavien-Dindo classification 
(P < 0.001, Cramer’s V = 0.378, moderate correlation strength) 

(Tables 2, 3).

Type of performed surgery
In addition, the occurrence of the pancreatic fistula is 

significantly affected by the type of surgical procedure. 
Clinically relevant pancreatic fistulas are almost 2 times 
more frequent in distal pancreatectomies compared to 
pancreatoduodenectomies. There was no statistically 
significant correlation between the type of surgery and the 
type of pancreatic fistula (P > 0.05). In 1 case (6.3%), a clinically 
significant pancreatic fistula occurred after enucleation.

The type of performed surgery also influences the rate 
of surgical complications according to the Clavien-Dindo 
classification. Total pancreatectomy was associated with a 
higher rate of clinically relevant complications compared to 
pancreatoduodenectomy and distal pancreatectomy (P = 0.004, 
Cramer’s V = 0.342, moderate correlation strength). The above-
mentioned correlations are shown in Table 3.

Risk assessment of pancreatic fistula according to 
fistula risk score  
Patients assessed as high risk for pancreatic fistula occurrence 

Table 2. Univariate correlation analysis of different risk factors, fistula risk score, and type of performed surgery on 
manifestation of postoperative pancreatic fistula

Variable No. of patients
Postoperative pancreatic fistula

P-value
None or biochemical fistula Type B or C

Pancreas texture 125
Firm 81 (95.3) 4 (4.7) <0.001 (Phi = 0.447)
Soft 25 (62.5) 15 (37.5)

Wirsung’s duct diametera) 109 NA NA 0.013 (Eta = 0.216)
Intraoperative blood loss (mL) 125 0.019 (V = 0.315)

≤400 35 (92.1) 3 (7.9)
401–700 70 (84.3) 13 (15.7)
701–1,000 1 (25.0) 3 (75.0)

Type of surgery 125 0.050
PD 28 (90.3) 3 (9.7)
DP 63 (80.8) 15 (19.2)
Total pancreatectomy NA NA
Enucleation 15 (93.7) 1 (6.3)

Fistula risk score
PD 31 <0.010 (V = 0.668)
    Low 2 (100) 0 (0)
    Medium 23 (100) 0 (0)
    High 3 (50.0) 3 (50.0)
DP 78 <0.010 (V = 0.419)
    Low 2 (100) 0 (0)
    Medium 49 (90.7) 5 (9.3)
    High 12 (54.5) 10 (45.5)

Values are presented as number only or number (%). 
Phi, strength of correlation; V, Cramer’s V (strength of correlation); PD, pancreatoduodenectomy; DP, distal pancreatectomy; NA, not 
applicable.
a)Wirsung duct diameter is a variable presented on a quantitative scale.
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according to FRS have a statistically significant higher risk of 
postoperative complications in the form of clinically relevant 
pancreatic fistulas (P < 0.001, Cramer’s V = 0.467, moderate 
correlation strength). The high-risk FRS group is more likely 
to have clinically significant postoperative complications 
according to the Clavien-Dindo classification (P = 0.002, Phi = 
0.352, moderate strength of correlation).

In cases of pancreatoduodenectomies in the high-risk FRS 
group, clinically relevant pancreatic fistula occurred in 50% 
of cases (P < 0.001, Cramer’s V = 0.668, strong correlation 
strength). In distal pancreatectomies, pancreatic fistula type B 
or C occurred in 45.5% of patients in the high-risk group (P < 
0.001, Cramer’s V = 0.419, moderate correlation strength). 

Grade on the Clavien-Dindo classification according 
to the type of pancreatic fistula
All cases of type B or C pancreatic fistulas had clinically 

relevant postoperative complications according to the Clavien-
Dindo classification (P < 0.001, Phi = 0.837, strong correlation 
strength).

Analysis of different risk factors by type of 
performed surgery
There are differences in the rate of influence of different risk 

factors on complications depending on the type of performed 
surgery. Intraoperative blood loss correlated with clinically 
relevant Clavien-Dindo grade (≥III) in pancreatoduodenec-

tomies (P = 0.002, Cramer’s V = 0.656); however, it did not 
in distal pancreatectomies (P > 0.05). FRS and soft pancreas 
texture is correlated with Clavien-Dindo grade in distal 
pancreatectomies (P = 0.002, Cramer’s V = 0.390; P < 0.001, 
Phi = 0.437, respectively). Both FRS and soft pancreas texture 
was correlated with the manifestation of postoperative 
pancreatic fistula in pancreatoduodenectomies and distal 
pancreatectomies (P < 0.05). However, intraoperative blood loss 
influenced postoperative fistula in pancreatoduodenectomies 
only (P = 0.001, Cramer’s V = 0.850). The above-mentioned 
correlations are presented in Table 4.

Multivariate analysis
Multivariate regression analysis was performed. Wirsung 

duct diameter was correlated with postoperative pancreatic 
fistula (odds ratio [OR], 0.261; 95% CI, 0.079–0.865; P = 0.028). 
Soft pancreas texture influenced complications on the Clavien-
Dindo classification (OR, 4.854; 95% CI, 1.094–21.544; P = 0.038) 
(Table 5; Figs. 1, 2).

DISCUSSION
One of the most common complications in pancreatic surgery 

is the occurrence of postoperative pancreatic fistula [3]. In our 
study, clinically relevant pancreatic fistulas affected 19 operated 
patients (14.5%). The incidence of postoperative pancreatic 
fistulas is similar to data available in the literature, according to 

Table 3. Univariate correlation analysis of different risk factors and types of performed surgery on manifestation of 
postoperative complications

Variable No. of patients
Clavien-Dindo grade

P-value
No complications I–II III–V

Pancreas texture 131 <0.001 (Phi = 0.407)
Firm 10 (11.4) 66 (75.0) 12 (13.6)
Soft 6 (14.0) 19 (44.2) 18 (41.9)

Wirsung’s duct diametera) 109 NA NA NA >0.05
Intraoperative blood loss (mL) 131 <0.001 (V = 0.378)

≤400 9 (23.7) 26 (68.4) 3 (7.9)
401–700 7 (8.2) 59 (69.4) 19 (22.4)
701–1,000 0 (0) 0 (0) 8 (100)

Type of surgery 131 0.004 (V = 0.32)
PD 5 (16.0) 18 (58.1) 8 (25.9)
DP 6 (7.7) 56 (71.8) 16 (20.5)
Total pancreatectomy 0 (0) 1 (16.7) 5 (83.3)
Enucleation 5 (31.2) 10 (62.5) 1 (6.3)

Postoperative pancreatic fistula 125 <0.001 (Phi = 0.837)
None or biochemical fistula 16 (15.1) 84 (79.2) 6 (5.7)
Type B or C 0 (0) 0 (0) 19 (100)

Values are presented as number only or number (%). 
Phi, strength of correlation; V, Cramer’s V (strength of correlation); NA, not applicable; PD, pancreatoduodenectomy; DP, distal 
pancreatectomy.
a)Wirsung duct diameter is a variable presented on a quantitative scale.
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which they occur in 5%–30% of patients undergoing pancreatic 
resections for NETs, regardless of the type of surgery [2,3,10]. 
Significant postoperative complications occurred in 30 cases 
(22.9%). The mortality rate after pancreatoduodenectomies 
and distal pancreatectomies in high-referral centers is up to 
5% [15,16]. The lowest mortality rate applies to enucleation 
procedures, where it is close to 0% [16]. In the study group, the 
mortality rate was 2.3%. Two deaths occurred after pancreato-
duodenectomy, one after pancreatectomy, while no deaths were 
observed among patients after distal pancreatectomy.

Among the risk factors for postoperative pancreatic fistula 
is the texture of the pancreas described as soft [17,18]. 
Postoperative fistulas are 2 times more common in cases 
of soft pancreas compared to firm texture, regardless of the 
histopathologic type of pancreatic tumor [2,19]. However, 
in cases of NETs compared to adenocarcinomas, there is no 
desmoplastic reaction in the pancreas [20]. This results in 
less frequent pancreatic fibrosis in NETs compared to other 
neoplasms and inflammatory lesions of the pancreas [21]. As 
a result, the soft pancreatic texture is more commonly found 

Table 4. Univariate analysis of different risk factors by type of performed surgery

Clinically relevant symptom
P-value

Fistula risk score Intraoperative blood loss Wirsung’s duct diameter Soft pancreas texture

Pancreatoduodenectomy
Complication, CD grade ≥III 0.340 0.002 (V = 0.656) 0.077 0.095
Postoperative pancreatic fistula, B/C 0.006 (V = 0.668) 0.001 (V = 0.850) 0.105 0.037 (Phi = 0.441)

Distal pancreatectomy
Complication, CD grade ≥III 0.002 (V = 0.390) 0.210 0.197 0.001 (Phi = 0.437)
Postoperative pancreatic fistula, B/C 0.001 (V = 0.419) 0.331 0.197 0.001 (Phi = 0.469)

CD, Clavien-Dindo classification; V, Cramer’s V (strength of correlation); Phi, strength of correlation.

Table 5. Multivariate binary regression analysis of the influence of different risk factors on complications after performed 
surgery

Clinically relevant symptom Risk factor OR (95% CI) P-value

Postoperative pancreatic fistula, B/C Wirsung’s duct diameter 0.261 (0.079–0.865) 0.028
Soft pancreas texture 5.394 (0.954–30.489) 0.057

Complication, CD grade ≥III Wirsung’s duct diameter 0.536 (0.244–1.175) 0.119
Soft pancreas texture 4.854 (1.094–21.544) 0.038

OR, odds ratio; CI, confidence interval; CD, Clavien-Dindo classification.
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Fig. 1. Forest plot regarding 
multivariate binary regression 
analysis of the influence of 
different risk factors on the 
manifestation of postoperative 
pancreatic fistula. OR, odds 
ratio; CI, confidence interval.
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in NETs compared to adenocarcinomas [22]. Therefore, the 
histopathological diagnosis of NET is a risk factor for pancreatic 
fistula [21]. In our analysis, postoperative fistulas occurred in 
37.5% of soft pancreases in comparison to 4.7% of pancreases 
with a firm texture. Multivariate analysis showed a high 
influence of soft pancreas texture on clinically relevant (type 
B or C) pancreatic fistula formation; however, results were 
not statistically significant (OR, 5.394; 95% CI, 0.954–30.489; 
P = 0.057). A soft pancreas is also a risk factor for significant 
postoperative complications determined by the Clavien-Dindo 
classification [23]. The percentage of patients who develop these 
complications is approximately 30% higher for pancreas texture 
defined as soft compared to firm [23]. Similar differences were 
found in our study where clinically relevant postoperative 
complications occurred in 41.9% of cases of soft texture and 
13.6% of cases of firm pancreatic texture. Multivariate analysis 
confirmed these findings, soft pancreas texture correlates with 
significant (≥III) postoperative complications on Clavien-Dindo 
classification (OR, 4.854; 95% CI, 1.094–21.544; P = 0.038). An 
undeniable shortcoming of pancreatic texture assessment is 
that it is a subjective assessment made by the operating surgeon 
[17]. However, for an experienced surgeon (>400 of performed 
pancreatic resections), it is a recognized examination [17,24].

Another risk factor for the occurrence of the pancreatic 
fistula is the diameter of the Wirsung duct [24]. A noticeable 
increase in the incidence of pancreatic fistulas is found when 
the Wirsung duct diameter is ≤3 mm [24]. In cases with 
pancreatic duct diameter ≤3 mm, postoperative pancreatic 
fistulas occur 3 times more often than when their diameter 
is >3 mm [10]. Martin et al. [25] reported that the diameter of 
the Wirsung duct affects the incidence of pancreatic fistulas in 
pancreatoduodenectomies, but has no effect on the incidence 

of fistulas after distal pancreatectomies. In our study, all (100%) 
clinically significant pancreatic fistulas occurred in cases with 
a Wirsung duct diameter of ≤3 mm. The correlation of the 
incidence of pancreatic fistulas with Wirsung duct diameter 
was a statistically significant negative correlation (as the 
measured diameter decreases, the incidence of type B and C 
pancreatic fistulas increases). Multivariate analysis showed a 
significant correlation between Wirsung duct diameter and 
clinically relevant postoperative fistula (B and C). As the duct’s 
diameter gets smaller, there is a higher risk of fistula formation 
(OR, 0.261; 95% CI, 0.079–0.865, P = 0.028). In distal pancreatic 
resections, complications are often due to the difficulty of 
visualizing the Wirsung duct and lack of safety of its closure 
and, in the case of pancreatoduodenectomy, from the difficulty 
of anastomosing the small pancreatic duct with the intestine 
[25]. Wirsung duct dilatation is approximately 8 times more 
common in adenocarcinomas compared to NETs, regardless of 
the location of the lesion in the pancreas [26]. This is another 
factor contributing to the higher incidence of pancreatic fistulas 
in NETs.

In the reviewed literature, there are predominant reports 
that the Wirsung duct diameter of ≤3 mm is related to the 
degree of postoperative complications [18,27]. According to 
Jiwani and Chawla [15], similar to our analysis, the diameter 
of the pancreatic duct does not correlate with the degree of 
complications defined by the Clavien-Dindo classification. 
Multivariate binary regression analysis also corresponded to 
univariate analysis in this regard (P > 0.05).

Risk factors for pancreatic fistula also include intraoperative 
blood loss [23]. Patients with intraoperative blood loss of 
more than 1,000 mL are at high risk of this complication [23]. 
According to the authors of the FRS scale, blood loss of more 
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than 700 mL during surgery is considered significant [10]. 
The groups of patients with pancreatic fistulas and clinically 
relevant postoperative complications have higher intraoperative 
blood loss compared to patients without complications. In our 
analysis, no patients had blood loss of more than 1,000 mL. 
We found a more than 5-fold higher incidence of pancreatic 
fistulas in patients who had intraoperative blood loss of 
>700 mL compared to blood loss of ≤700 mL. This group 
of patients also had a 4-fold higher incidence of significant 
clinical complications. Intraoperative blood loss is a risk factor 
also associated with the extent of surgery. In our analysis, 
the highest blood loss was in patients who underwent total 
pancreatectomy.

According to the literature, pancreatic fistulas are about 2 
times more common in distal pancreatectomies compared 
to pancreatoduodenectomies [19,28]. Similar differences 
in the incidence of postoperative fistulas were observed 
in our study group, but the difference was not statistically 
significant. Moreover, as shown in our analysis, clinically 
relevant pancreatic fistula also occurs in cases of enucleation. 
In resections of the head of pancreas compared to distal 
pancreatectomies, clinically significant complications 
are 10%–15% more frequently associated; also in cases 
of resection of NETs [19,28]. In our analysis, significant 
postoperative complications affected 25.8% of patients after 
pancreatoduodenectomy and 20.5% of patients after distal 
pancreatic resections. There are differences in the rate of 
influence of different risk factors on complications depending 
on the type of performed surgery. According to our study, in 
pancreatoduodenectomies, intraoperative blood loss influences 
complications on the Clavien-Dindo classification and 
postoperative pancreatic fistula formation, while soft pancreatic 
texture and FRS is correlated with pancreatic fistulas only (P < 
0.05 in all cases). However, in distal pancreatectomies, FRS and 
soft pancreatic texture correlates with postoperative pancreatic 
fistulas and complications on the Clavien-Dindo classification  
(P < 0.05).

The FRS scale is a tool used to assess the risk of occurrence of 
postoperative pancreatic fistula [29]. According to the literature, 
the incidence of the clinically significant pancreatic fistula is 
approximately 6.5% for the low-risk group, 13% for the moderate-
risk group, and over 30% for the high-risk group [11]. There is a 
small amount of literature available that has analyzed the use 
of this scale after resections of pancreatic NETs. In our analysis 
of pancreatic NETs, fistulas did not occur in any patients in 
the low-risk group. In the study population, 6.5% of patients in 
the moderate-risk group and 46.4% in the high-risk group were 
affected by pancreatic fistula. Both pancreatoduodenectomy and 
distal pancreatectomy patients displayed significant correlations 
between the FRS score and the occurrence of pancreatic fistula. 
The correlation was stronger in the pancreatoduodenectomy 

group than in the distal pancreatectomy cohort. An undeniable 
limitation of the use of the FRS scale for pancreatic NETs is 
that the diameter of the Wirsung duct, which is impossible to 
measure in the case of enucleations, is used for risk assessment.

Moreover, the performed analysis also demonstrated an 
association between the FRS scale and the occurrence of 
significant postoperative complications after resections of NETs. 
Clavien-Dindo grade III and IV complications were 3 times more 
common in the high-risk pancreatic fistula group compared to 
the low and moderate-risk groups. The observed association of 
the occurrence of significant postoperative complications on 
the type of fistula will also allow, with a combination of the 
FRS scale, a prediction of possible complications of grade III 
and higher on the Clavien-Dindo classification. In the analyzed 
group, pancreatic fistula type B or C was found in all cases of 
postoperative complications of III–V grade according to the 
Clavien-Dindo classification. The use of this scale in assessing 
the severity of postoperative complications seems important 
because clinically significant pancreatic fistulas, especially type 
C, are associated with a high risk of reoperations [30].

There are limitations to this study. First of all, FRS cannot 
be used in all types of resections, because not all of them 
visualize the pancreatic duct for measurement. Furthermore, 
it is a retrospective study restricted to 131 patients. However, 
the sample size is rather small because of the rarity of these 
tumors.

Soft pancreatic texture, intraoperative blood loss of >700 mL, 
and small Wirsung duct are risk factors for clinically significant 
postoperative pancreatic fistula after resection of pancreatic 
NET. Among the risk factors analyzed, only the diameter of the 
Wirsung duct is not associated with the rate of postoperative 
Clavien-Dindo complications. Pancreatic fistulas were more 
frequently found in distal pancreatectomies in comparison 
with pancreatoduodenectomies. Significant postoperative 
complications are most common after total pancreatectomy 
compared to other pancreatic resections. FRS may be applied 
not only in pancreatoduodenectomies but also in distal pancrea-
tectomies.

The FRS scale is crucial not only in assessing the risk 
of pancreatic fistula but also in significant postoperative 
complications after pancreatoduodenectomies and distal 
pancreatectomies for pancreatic NETs. The occurrence of 
clinically significant pancreatic fistula affects the degree of 
postoperative complications determined by the Clavien-Dindo 
classification.
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