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Abstract
AIM: To establish a scoring system to predict clinically 

relevant postoperative pancreatic fistula (CR-POPF) 
after pancreaticoduodenectomy (PD).

METHODS: The clinical records of 921 consecutive 
patients who underwent PD between 2008 and 2013 
were reviewed retrospectively. Postoperative pancreatic 
fistula (POPF) was defined and classified by the 
international study group of pancreatic fistula (ISGPF). 
We used a logistic regression model to determine the 
independent risk factors of CR-POPF and developed a 
scoring system based on the regression coefficient of 
the logistic regression model. The optimal cut-off value 
to divide the risk strata was determined by the Youden 
index. The patients were divided into two groups (low 
risk and high risk). The independent sample t  test 
was used to detect differences in the means of drain 
amylase on postoperative day (POD) 1, 2 and 3. The 
optimal cut-off level of the drain amylase to distinguish 
CR-POPF from non-clinical POPF in the two risk strata 
groups was determined using the receiver operating 
characteristic (ROC) curves.

RESULTS: Grade A POPF occurred in 106 (11.5%) 
patients, grade B occurred in 57 (6.2%) patients, 
and grade C occurred in 32 (3.5%) patients. A 
predictive scoring system for CR-POPF (0-6 points) was 
constructed using the following four factors: 1 point for 
each body mass index ≥ 28 [odds ratio (OR) = 3.86; 
95% confidence interval (CI): 1.92-7.75, P  = 0.00], 
soft gland texture (OR = 4.50; 95%CI, 2.53-7.98, P  = 
0.00), and the difference between the blood loss and 
transfusion in operation ≥ 800 mL (OR = 3.45; 95%CI, 
1.92-7.75, P  = 0.00); and from 0 points for a 5 mm or 
greater duct diameter to 3 points for a less than 2 mm 
duct (OR = 8.97; 95%CI: 3.70-21.77, P  = 0.00). The 
ROC curve showed that the area under the curve of this 
score was 0.812. A score of 3 points was suggested to 
be the best cut-off value (Youden index = 0.485). In 
the low risk group, a drain amylase level ≥ 3600 U/L 
on POD3 could distinguish CR-POPF from non-clinical 
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POPF (the sensitivity and specificity were 75% and 
85%, respectively). In the high risk group, the best cut-
off was a drain amylase level of 1600 (the sensitivity 
and specificity were 77 and 63%, respectively).

CONCLUSION: A 6-point scoring system accurately 
predicted the occurrence of CR-POPF. In addition, a 
drain amylase level on POD3 might be a predictor of 
this complication.

Key words: Pancreatic fistula; Pancreaticoduo
denectomy; Postoperative complication; Risk factor; 
Logistic model

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Clinically relevant (CR) postoperative pancreatic 
fistula (POPF) after pancreaticoduodenectomy (PD) 
remains a challenge, even at high-volume centres. In 
our study, we established a novel predictive scoring 
system for CR-POPF after PD based on a large number 
of cases in a single centre and discovered that the drain 
amylase level on postoperative day 3 could distinguish 
CR-POPF from non-clinical POPF in the early period 
after PD according to the different risk strata of scores. 
This tool could help surgeons anticipate, identify and 
control CR-POPF proactively, with the aim of achieving 
better outcomes from this daunting postoperative 
complication.
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INTRODUCTION
Pancreaticoduodenectomy (PD) has been established 
as a standard surgical operation for malignant 
and benign diseases in the pancreatic head and 
periampulary regions[1,2]. With recent advances in 
surgical techniques and perioperative management, 
the mortality rate has decreased to less than 2% (in 
high-volume centres)[3-7]. However, the morbidity 
rate after PD remains high (30%-65%). In particular, 
postoperative pancreatic fistula (POPF) remains 
the most important cause of morbidity; this also 
contributes significantly to a prolonged hospitalisation 
course, increased health care costs, and mortality[1-8].

Although attempts have been made to decrease 
POPF rates by improving reconstruction techniques for 
the pancreatoenteric anastomosis[9-12], including the 
placement of pancreatic duct stents[13,14] or the use 
of somatostatin analogues[15], an effective strategy to 
prevent POPF has not yet been found. There has been 

a paradigm shift among pancreatic surgeons in the 
management of POPF, from a reactive “wait and see” 
approach that depends on treating fistulas when they 
become evident, to a proactive strategy that instead 
relies on early anticipation and timely prevention[8,16-18]. 
Recent studies have suggested that many factors 
influence POPF, such as gender, preoperative jaundice, 
operative time, pancreatic duct diameter and soft 
pancreatic parenchyma[2-8]. However, the predictive 
risk factors that can precisely distinguish clinically 
relevant POPF (CR-POPF) from transient pancreatic 
fistula in the early postoperative period remain unclear.

The aim of the present study was to construct a 
new and convenient scoring tool to predict CR-POPF 
and discover ways to distinguish CR-POPF from non-
clinical POPF in the early period after PD. This was 
done using preoperative and surgical variables in a 
study group of 921 patients, according to the different 
risk strata of scores.

MATERIALS AND METHODS
Patients
From January 2008 to December 2013, 921 consecutive 
patients underwent PD. Various patient factors 
were analysed at the Institution and Hospital of 
Hepatobiliary Surgery, PLA General Hospital, China. 
Informed consent for the surgical procedures was 
obtained from each patient. The local ethics committee 
approved this study.

Perioperative management
The standard Whipple type operation was performed 
in 491 patients (53%), and the remaining 430 
patients (47%) underwent a pylorus-preserving PD 
(PPPD). Pancreatic anastomosis after PD and PPPD 
was performed by duct-to-mucosa and end-to-side 
pancreaticojejunostomy in all patients. Biliary drainage 
was achieved by end-to-side hepaticojejunostomy. 
None of the patients received radiotherapy or 
chemotherapy perioperatively. All patients were 
managed in the intensive care unit for at least one day 
before transfer to the ward. Prophylactic octreotide 
was given subcutaneously and continued routinely for 
three days postoperatively. 

Definitions of postoperative complications
POPF was defined and classified by the international 
study group of pancreatic fistula (ISGPF)[19]. Grade A 
POPF is a transient and asymptomatic fistula that does 
not need specific treatment. Grade B is symptomatic, 
clinically apparent, and requires diagnostic evaluation 
and specific medical treatment or prolonged drainage 
for longer than 3 wk. Grade C requires a major change 
in clinical management or deviation from the normal 
clinical pathway. Combined grade B + C is defined 
as CR-POPF. Biliary fistula[20] was defined as the 
presence of bile in the drainage fluid that persisted to 
postoperative day (POD) 4. Delayed gastric emptying 
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was defined as any of the following: output from a 
nasogastric tube of > 500 mL per day that persisted 
beyond POD10, the failure to maintain oral intake by 
POD14 or reinsertion of a nasogastric tube[21]. 

Data collected
Preoperative variables included patient demographics, 
past medical history, laboratory tests and preoperative 
biliary drainage by ERCP or PTBD. Intraoperative 
variables included pancreatic duct diameter, 
consistency of the pancreas, operation time, blood 
loss, blood transfusion, and the difference between 
the blood loss and transfusion. Postoperative variables 
included postoperative complications, amylase in the 
drainage fluid from POD1 to POD7, the day of starting 
oral feeding, the length of postoperative stay and 
hospital mortality. All pathological specimens were 
reviewed to confirm the diagnosis.

Statistical analysis
Statistical computations were performed using 
Statistical Package for the Social Sciences 16.0 for 
Windows (SPSS, Inc). For continuous variables, 
descriptive statistics were calculated and reported 
as the mean ± standard deviation (SD). Categorical 
variables were described using frequency distributions. 
The independent sample t test was used to detect 
differences in the means of continuous variables; 
the χ 2 test was used in cases with low expected 
frequencies. A P value < 0.05 was considered to be 
significant. Variables with P < 0.1 were entered into 
a logistic regression model to determine independent 
risk factors of CR-POPF. We developed a scoring 
system using each independent risk factor, which 
was based on the regression coefficient of the logistic 
regression model. The points of this scoring system 
were further modified to develop a more utilitarian 
application. Receiver operating characteristic (ROC) 
curves and the corresponding area under the curve 
(AUC) were used to evaluate the performance of the 
prediction model. The optimal cut-off value to divide 
the risk strata was determined by the Youden index 
(sensitivity +, specificity - 1). The 921 patients were 
divided into two groups (low risk and high risk). 
The independent sample t test was used to detect 
differences in the means of drain amylase on POD1, 2, 
and 3. The optimal cut-off level of the drain amylase to 
distinguish CR-POPF from non-clinical POPF in the two 
risk strata groups was determined by the ROC curves.

RESULTS
Overview
Nine hundred and twenty one consecutive patients 
[591 (64%) men and 330 (36%) women] underwent 
PD; their mean age was 56 ± 12 years (range: 11-82 
years). Preoperative biliary stenting was performed in 
181 patients (19.7%), 491 patients (53%) underwent 

classic PD, and the remaining 430 patients (47%) 
underwent PPPD. Combined portal vein resection was 
performed in 31 patients (3.4%). Median operative 
time was 380 min (range: 135-1265 min) and the 
median operative blood loss was 400 ml (range: 
100-5300 mL). Two hundred and twenty three 
patients (24.2%) received a blood transfusion; the 
median amount of blood received was 710 mL (range: 
280-1700 mL). The mean difference between the 
blood loss and intra-operative transfusion was 400 mL 
(range: 50-2100 mL).

Postoperatively, the median hospital stay was 
18 d (range: 3-72 d). Regarding postoperative 
complications, the overall morbidity was 294 (31.9%): 
195 patients (21.2%) developed a POPF; 106 patients 
(11.5%) had an A-type fistula; 57 patients (6.2%) had 
a B-type fistula; and the remaining 32 patients (3.5%) 
had a C-type fistula. Other postoperative complications 
included delayed gastric emptying in 215 patients 
(23.3%), intra-abdominal infection in 42 patients 
(4.6%), wound infection in 44 patients (4.8%), biliary 
leakage in 33 patients (3.6%), pulmonary complication 
in 38 patients (4.1%) and postoperative haemorrhage 
in 54 patients (5.9%). The hospital mortality in this 
series was 29 patients (3.1%). Haemorrhage and 
secondary multiple organ failure was the main cause 
of death.

Risk factors for CR-POPF
Univariate and multivariate analyses were used to 
determine the risk factors of CR-POPF. Table 1 shows 
the result of 19 parameters that were examined 
univariately as potential risk factors for the 89 patients 
with CR-POPF vs 832 with no CR-POPF. Body mass 
index (BMI) ≥ 28, alcohol use, pancreatic duct size < 3 
mm, soft pancreatic parenchyma, ≥ 800 mL difference 
between the blood loss and intra-operative transfusion, 
and non-pancreatic diseases were associated with 
CR-POPF. However, on multivariate logistic regression 
analysis, only BMI ≥ 28, pancreatic duct < 3 mm, 
soft pancreatic parenchyma, and a difference ≥ 800 
mL between the blood loss and intra-operative blood 
transfusion were significant factors. Further analysis 
reflected the effects of narrowing of the pancreatic 
duct diameter. A pancreatic duct diameter measuring 
5 mm was considered a reasonable baseline, because 
this has been referred to as the normal diameter of 
the main pancreatic duct[8,22]. Table 2 shows that each 
1-mm decrease in the diameter of the pancreatic duct 
from a baseline of 5 mm resulted in a more than 4-fold 
increase in the odds of developing CR-POPF (OR = 4.59, 
95%CI: 2.47-8.53, P = 0.00). 

CR-POPF risk score model
We developed a score model using each standardised 
variable, based on the regression coefficient of the 
logistic regression model. The equation for the scoring 
system was developed on the assumption that a patient 
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5 mm or greater duct diameter to 3 points for less than 
a 2 mm duct (Table 3). The score values for individual 
patients ranged from 0 to 6. The ROC curve (Figure 1A) 

receives 1 point each for BMI ≥ 28, soft gland texture, 
and the difference between the blood loss and intra-
operative transfusion ≥ 800 mL, and from 0 points for a 
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Table 1  Univariate analyses of risk factors for clinically relevant postoperative pancreatic fistula  n  (%)

Parameters Non B/C grade POPF group (n  = 832) B/C grade POPF group (n = 89) P  value

Age (n = 921)
   < 65 yr 640 (76.9) 68 (76.4) 0.91
   ≥ 65 yr 192 (23.1) 21 (23.6)
Sex (n = 921)
   Male 529 (63.6) 62 (69.7) 0.26
   Female 303 (36.4) 27 (30.3)
BMI (n = 921)3

   < 28 773 (92.9) 71 (80.8) 0.00
   ≥ 28 59 (7.1) 18 (20.2)
Personal history 
Hypertension (n = 921)
   Yes 177 (21.3) 16 (18.0) 0.47
   No 655 (78.7) 73 (82.0)
Diabetes mellitus (n = 921)
   Yes   95 (11.4) 11 (12.4) 0.79
   No 737 (88.6) 78 (87.6)
Coronary artery disease (n = 921)
   Yes 81 (9.7) 4 (4.5) 0.54
   No 781 (93.9) 85 (95.5)
Smoking (n = 921)
   Yes 199 (23.9) 23 (25.8) 0.69
   No 633 (76.1) 66 (74.2)
Drinking (n = 921)3

   Yes 174 (20.9) 12 (13.5) 0.09
   No 658 (79.1) 77 (86.5)
Abdominal operation history (n = 921)
   Yes 111 (13.3) 14 (15.7) 0.53
   No 721 (86.7) 75 (84.3)
Serum albumin (g/L, n = 893)
   < 35 660 (81.8) 13 (15.1) 0.48
   ≥ 35 147 (18.2) 73 (84.9)
Serum total bilirubin (µmol/L, n = 905)1

   < 171 604 (73.9) 61 (69.3) 0.40
   ≥ 171 213 (26.1) 27 (30.7)
Type of resection (n = 921)
   PD 446 (53.6) 45 (50.6) 0.58
   PPPD 386 (46.4) 44 (49.4)
Pancreatic duct (mm, n = 921)3

   < 3 250 (30.0) 62 (69.7) 0.00
   ≥ 3 582 (70.0) 27 (30.3)
Texture of remnant pancreas (n = 921)3

   Soft 289 (34.7) 68 (76.4) 0.00
   Hard 543 (65.3) 21 (23.6)
Operative time (min, n = 913)
   < 360 346 (42.0) 35 (39.3) 0.65
   ≥ 360 478 (58.0) 54 (60.7)
Difference between the blood loss and transfusion in operation (mL, n = 920)3

   < 800 772 (92.9) 75 (84.3) 0.00
   ≥ 800 59 (7.1) 14 (15.7)
Reconstruction of blood vessels (n = 921)
   Yes 29 (3.5) 2 (2.2) 0.76
   No 803 (96.5) 87 (97.8)
Pancreaticoduodenectomy extending to adjacent (n = 921)2

   Yes 21 (2.5) 0 (-) 0.25
   No 786 (94.5)   89 (100.0)
Pancreatic carcinoma
   Yes 219 (26.3) 15 (16.9) 0.05
   No 613 (73.7) 74 (83.1)

1This level of serum total bilirubin was assayed just before the operation (tested within three days before operation); 2Combined resection of adjacent organs 
including: liver, colon, kidney and so on; 3Statistically significant. POPF: Postoperative pancreatic fistula; PD: Pancreaticoduodenectomy; PPPD: Pylorus-
preserving pancreaticoduodenectomy.
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showed that the AUC of this score was 0.812 (95%CI: 
0.766-0.858). A score of 3 points was suggested to be 
the best cut-off value to divide the risk strata because 
the Youden index was 0.485. Two risk strata were 
assigned according to the total score: low risk (0 to 2 
points) and high risk (3 to 6 points).

Predictive drain amylase level for CR-POPF
These patients were divided into a low risk and a high 
risk group. The low risk group comprised 652 patients 
whose score was less than 3 points; the remaining 269 
patients were classified into the high risk group. In the 
low risk group, there was no significant difference in 
the drain amylase level on POD1 and 2 between CR-
POPF and non-clinical POPF. However, the mean drain 
amylase levels on POD3 were 26416.6 ± 16865.0 U/L 
in patients with CR-POPF compared with 2952.9 ± 
606.0 U/L in those without complications (P = 0.000). 
Considering the sensitivity and specificity of the drain 
amylase on POD3, the AUC was 0.838 (Figure 1B). 
A drain amylase level ≥ 3600 U/L on POD3 was 
determined to be the best cut-off value for prediction 

of CR-POPF (the sensitivity and specificity of cut-off 
levels were 75% and 85%, respectively).

In the high risk group, there was no significant 
difference in the drain amylase level on POD1. The 
mean drain amylase level on POD2 was 22935 ± 8568 
U/L in patients with CR-POPF compared with 6227 ± 
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Table 2  Multivariate logistic regression models of independent 
risk factors for clinically relevant postoperative pancreatic 
fistula (n  = 921)

P value OR 95%CI

BMI (≥ 28) 0.00 3.86 1.92-7.75
Pancreatic duct (< 3 mm)
   ≥ 5 mm 1.00
   3-5 mm 0.00 4.59 2.47-8.53
   2-3 mm 0.00 7.91   4.07-15.39
   < 2 mm 0.00 8.97   3.70-21.77
Texture of remnant pancreas (soft) 0.00 4.50 2.53-7.98
Difference between the blood loss and 
transfusion in operation (≥ 800 mL)

0.00 3.45 1.92-7.75

BMI: Body mass index.

Table 3  Risk scoring system for clinically relevant postoperative 
pancreatic fistula

Risk factor Points contributed

BMI (kg/m2)
   < 28 0 point
   ≥ 28 1 point
Gland texture
   Firm 0 point
   Soft 1 point
The difference between the blood loss and 
transfusion in operation
   < 800 mL 0 point
   ≥ 800 mL 1 point
Pancreatic duct diameter
   ≥ 5 mm 0 point
   3-5 mm 1 point
   2-3 mm 2 points
   < 2 mm 3 points

BMI: Body mass index.
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Figure 1  Receiver operating characteristic curve. A: Receiver operating 
characteristic (ROC) curve for the predictive scoring system; B: Drain amylase 
on postoperative day 3 in the low risk group. Area under the receiver operator 
characteristics curve was 0.838. C: Drain amylase on postoperative day 2 and 
3 in high risk group. Areas under the receiver operator characteristic curves 
were 0.756 and 0.761, respectively. POD: Postoperative day.
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2540 U/L in those without complications (P = 0.01), 
and on POD3, the mean levels were 13709 ± 2626 
U/L vs 5122 ± 1290 U/L for these groups, respectively 
(P = 0.01). Regarding the sensitivity and specificity 
of the drain amylase on POD2 and 3, the AUCs were 
0.756 and 0.761, respectively (Figure 1C). The drain 
amylase on POD 3 had a better performance. The 
drain amylase level ≥ 1600 U/L on POD 3 was the 
best cut-off for prediction of CR-POPF (the sensitivity 
and specificity of the cut-off levels were 77% and 
63%, respectively).

DISCUSSION
CR-POPF remains the major cause of morbidity after 
PD. The ability to make a reliable individual prediction 
of the risk of CR-POPF may be a step towards more 
individualised surgical management of patients 
scheduled for PD[9]. However, the current widely used 
scoring systems are nonspecific and do not accurately 
predict CR-POPF, because they mostly focus on the 
physical status and operation tolerance of patients[8]. 
Given these drawbacks, we have developed a novel 
predictive scoring system for CR-POPF after PD 
using the following four independent perioperative 
parameters: (1) soft gland texture; (2) the narrowed 
pancreatic duct diameter; (3) BMI ≥ 28; and (4) the 
difference between the blood loss and intra-operative 
blood transfusion ≥ 800 mL.

The former two factors are associated with the 
presence of chronic pancreatitis and are a challenge 
for reconstruction. The soft gland texture and 
narrowed pancreatic duct diameter demonstrate that 
exocrine function is generally preserved, which is 
more susceptible to ischemia and injury[8], and results 
in the increased secretion of pancreatic juices[23-25]. 
These two factors may also increase the difficulty of 
performing a pancreaticojejunostomy[2,8]. A high BMI is 
associated with intra-abdominal obesity and fat tissue 
volume in the pancreas[24-28]. Finally, the difference 
between the blood loss and intra-operative blood 
transfusion is associated with rapid volume loss, which 
causes ischemia and tissue oedema, and may directly 
affect the healing of the pancreatic duct-to-mucosa 
anastomosis[8]. 

The risk factors of POPF have been proposed by 
recent studies, and some of these studies have also 
proposed a risk scoring system; the advantage of 
our risk assessment tool over other models[4,8,27] lies 
in three factors. First, our research is based on large 
single centre retrospective cases, where each surgeon 
performed more than 30 cases of PD, annually. 
Moreover, the form of pancreaticojejunostomy and 
perioperative management has a unified standard 
and thus can avoid the influence caused by the 
reconstruction techniques for the pancreatoenteric 
anastomosis. Second, the scoring is based on 
the independent perioperative factors (accurately 
determined in the operating room), without the need 

for information regarding postoperative parameters. 
Third, this system is different from the other risk 
assessment tools for POPF after PD[4,27] and provides 
a good early prediction of the occurrence of CR-
POPF. Grade A POPF does not need specific clinical 
treatment; therefore, distinguishing CR-POPF from 
transient POPF in the early postoperative period is 
valuable in the clinical setting.

The role of a surgically placed prophylactic intra-
abdominal drain after PD and its effect on the morbidity 
rate and optimal timing for drain removal, remain 
controversial[15,29]. However, there is a consensus that 
a prolonged period of drain placement may increase 
the rate of infection at the surgical site and may also 
increase the rate of POPF[17]. For this reason, although 
a high level of drain amylase indicates POPF, it is 
important to determine whether the POPF is grade A 
or grade B/C as soon as possible. In cases of grade 
A POPF, we could remove the drain, even if the drain 
amylase level was high. We considered whether 
CR-POPF could be distinguished from non-clinical 
POPF using only postoperative factors, such as drain 
amylase. However, previous studies have reported that 
measuring daily levels of amylase in drainage fluid may 
not reflect the severity of POPF, although the increase 
was significantly greater in cases of POPF than in those 
without POPF[3,30]. El Nakeeb et al[2] used 4000 U/L as 
a cut-off. A low drain amylase on POD1 excluded a CR-
POPF. The sensitivity of this study was only 28.1%, 
but the specificity was 97.2%. Therefore, we divided 
patients into two groups according to the different risk 
strata of scores. We found that there was a relationship 
between CR-POPF and drain amylase level on POD3 in 
the two groups. Our study demonstrated that in the 
low risk group, a drain amylase level ≥ 3600 U/L on 
POD 3 was the best cut-off for the prediction of CR-
POPF. The sensitivity and specificity for this cut-off 
level were 75% and 85%, respectively. Using 1600 
U/L as a cut-off in the high risk group, a low drain 
amylase on POD3 excluded CR-POPF with a sensitivity 
and specificity of 77% and 63%, respectively.

Using the present scoring system and predictive 
drain amylase level, the following clinical advantages 
can be expected in the perioperative risk management 
of PD: (1) the selection of high risk patients for 
CR-POPF, with the surgeon planning the surgery 
accordingly; (2) the selection of patients who qualify 
for early removal of their drain; and (3) the selection of 
low-risk patients for PD and pancreatic reconstruction 
by junior trainees.

The current work is not a randomised controlled 
study and, therefore, is subject to certain limitations 
secondary to the retrospective nature of the data 
collection. First, gland texture was measured at the 
discretion of the operating surgeon and was classified 
as either firm or soft, rather than on a gradient 
as others have described[9]. Second, the surgical 
procedures, such as standard Whipple type operation, 
pylorus-preserving PD, or use of a pancreatic stent 
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were not randomised, but depended on the surgeon’s 
preference. Therefore, further studies are necessary to 
evaluate prospectively the risk scoring system and the 
predictive drain amylase level for CR-POPF.

In conclusion, despite these limitations, this study 
has developed a novel predictive scoring system for 
CR-POPF after PD, with good discriminating ability. In 
addition, the drain amylase level on POD3 was useful 
to distinguish CR-POPF from non-clinical POPF in the 
early postoperative period following PD. The strength 
of this study lies in its ability to validate this scoring 
system in a high volume centre hospital. This tool may 
help surgeons anticipate, identify and control CR-POPF 
proactively, with the aim of achieving better outcomes 
from this complication.
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