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Abstract

Background/purpose It is important to predict the

development of clinically relevant pancreatic fistula (grade

B/C) in the early period after pancreaticoduodenectomy

(PD). This study has been carried out as a project study of

the Japanese Society of Hepato-Biliary-Pancreatic Surgery

(JSHPBS) to evaluate the predictive factors associated with

clinically relevant pancreatic fistula (grade B/C).

Method The data of 1,239 patients from 11 medical

institutions who had undergone PD between July 2005 and

June 2009 were retrospectively analyzed to review patient

characteristics and perioperative and postoperative

parameters.

Results A drain amylase level [4,000 IU/L on postop-

erative day (POD) 1 was proposed as the cut-off level to

predict clinical relevant pancreatic fistula by the receiver

operating characteristic (ROC) curve. The sensitivity,

specificity, and accuracy of this cut-off level were 62.2,

89.0, and 84.8%, respectively. A multivariate logistic

regression analysis revealed that male [odds ratio (OR) 1.7,
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P = 0.039], intraoperative bleeding [1,000 ml (OR 2.5,

P = 0.001), soft pancreas (OR 2.7, P = 0.001), and drain

amylase level on POD 1[4,000 IU/L (OR 8.6, P \ 0.001)

were the significant predictive factors for clinical pancre-

atic fistula.

Conclusion The four predictive risk factors identified

here can provide useful information useful for tailoring

postoperative management of clinically relevant pancreatic

fistula (grade B/C).

Keywords Pancreatic fistula � Pancreaticoduodenectomy �
Predictive risk factors � Drain amylase level

Introduction

In most patient series, the incidence of pancreatic fistula has

been reported to vary between 5 and 20% after pancreati-

coduodenectomy (PD) and to be associated with a high

mortality rate [1–7]. In 2005, the International Study Group

of Pancreatic Fistula (ISGPF) proposed a consensus defini-

tion and clinical grading of postoperative pancreatic fistula

[8]. The most important issue currently being debated

regarding pancreatic fistulas is whether it is possible to

predict the development of clinically relevant pancreatic

fistula (grade B/C) according to the ISGPF proposal in the

early period after PD. The risk factors for developing a

pancreatic fistula in previously reported studies may have

been able to predict all grades of pancreatic fistulas but,

unfortunately, could not predict the extent of severe clini-

cally relevant pancreatic fistula (grade B/C) [9–13].

Molinari et al. [14] proposed that a drain amylase value

on postoperative day (POD) 1 of [5,000 U/L was a sig-

nificant predictive factor for the incidence of all grades of

pancreatic fistula after PD. However, this amylase value

could not distinguish clinically relevant pancreatic fistulas

(grade B/C) from insignificant disease during the early

postoperative period. Kawai et al. proposed that a combi-

nation of two predictive postoperative factors on POD 4,

namely, serum albumin level B3.0 g/dL and leukocyte

counts [9,800/mm3, can predict the development of clin-

ically relevant pancreatic fistula [15]. However, these two

factors may also reflect serious systemic inflammation,

such as that due to other intra-abdominal or respiratory

complications. It therefore remains unclear which predic-

tive risk factor(s) can be used to precisely distinguish the

risk of clinically relevant pancreatic fistula (grade B/C) in

the early postoperative period. In an attempt to clarify this

situation, the Japanese Society of Hepato-Biliary-Pan-

creatic Surgery (JSHPBS) decided to perform a survey of

high-volume PD centers in Japan to evaluate the predictive

factors for the development of clinically relevant pancre-

atic fistula (grade B/C) in the early period after PD.

Methods

Patients

Data were collected by a questionnaire survey on all patients

who underwent PD between July 2005 and June 2009 at one

of 11 high-volume centers participating in the project study

of the JSHPBS. The following patient characteristics and

perioperative and postoperative parameters were reviewed:

age, gender, body mass index (BMI), American Society of

Anesthesiologists (ASA) class, preoperative laboratory data,

such as hemoglobin, creatinine, HbA1c (glycated hemo-

globin), albumin, total bilirubin, and amylase, preoperative

biliary drainage, length of the surgery, intraoperative

bleeding, blood transfusion, pancreatic texture (soft or hard),

presence or absence of dilatation of the main pancreatic duct,

histologic diagnosis (malignant or benign), and the serum

C-reactive protein (CPR) and drain amylase levels on POD 1,

3, and 4. In total, data on 1,331 patients were collected from

the 11 institutions. Of these 1,331 patients, 1,239 (749 men,

490 women; median age 67 years, age range 35–91 years)

were enrolled in the study, and their data used for the analysis

of the occurrence of pancreatic fistula using the ISGPF

criteria.

Postoperative complications

The diagnosis of pancreatic fistula was made based on the

ISGPF guidelines [8], namely, an amylase level in the

drainage fluid on POD 3 of more than threefold the serum

amylase level. Pancreatic fistulas were classified into three

categories according to the ISGPF guidelines:

Grade A: Transient fistula. There is no clinical impact.

The patient is fed orally and remains clinically well.

Grade B: Patients are usually supported with partial,

total parenteral, or enteral nutrition. Antibiotics are

usually used for signs of infections and a somatostatin

analogue may also be required. Percutaneous drainage or

persistent drainage for more than 3 weeks is usually

required.

Grade C: A major change in clinical management or

deviation from the normal clinical pathway. Total

parenteral, enteral nutrition, antibiotics, or somatostatin

analogue is often instituted in an intensive care unit

(ICU) setting. Radiologic intervention or reoperation is

required. The patients typically require an extended

hospital stay with a major delay in hospital discharge

and have life-threatening complications, such as intra-

abdominal bleeding or sepsis. There is a real possibility

of postoperative mortality[8].

Grades B ? C were defined as ‘‘clinically relevant pan-

creatic fistula’’. Delayed gastric emptying (DGE) was
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defined according to a consensus definition and the clinical

grading of postoperative DGE according to the proposals of

the International Study Group of Pancreatic Surgery

(ISGPS) [16], using the web-based calculator (http://

pancreasclub.com/calculator/) to improve the homogene-

ity of the definition [17]. DGE was then classified into three

categories (grade A, B, or C) by the ISGPS clinical criteria

based on the clinical course and postoperative manage-

ment, such as reinsertion of a nasogastric tube, the period

of inability to tolerate a solid diet, presence or absence of

vomiting, and the use of prokinetics. Other postoperative

complications were graded according to the Clavien clas-

sification [18], where grade I is any deviation from the

normal postoperative course but without any need for

pharmacologic treatment or surgical, endoscopic, or

radiologic intervention; grade II is indicated by complica-

tions requiring pharmacologic treatment; grade III, by

complications requiring surgical, endoscopic, or radiologic

intervention; grade IV, life-threatening complications

requiring intermediate or ICU management; grade V,

death. Complications in this study were defined as a con-

dition that was more than grade II according to the Clavien

classification.

Statistical analysis

Continuous variables were expressed as the mean ±

standard deviation (SD). Patient characteristics and peri-

operative and postoperative factors between the groups

were compared using chi-square statistics, the Fisher exact

test, and the Mann–Whitney U test. Variables with

P \ 0.05 were entered into a logistic regression model to

determine independent risk factors of postoperative com-

plications. The independent risk factors of the variables

were expressed as odds ratios (OR) with their 95% con-

fidence intervals (CI). The measurement of drain amylase

levels on POD 1 has a major benefit by enabling the

development of clinically relevant pancreatic fistula (grade

B/C) to be predicted in the early period after PD. In fact,

amylase values in drains on POD 1 of [5,000 U/L have

been reported to be a significant predictive factor for the

incidence of all grades of pancreatic fistula after PD [14].

Therefore, the optimal cut-off levels of the drain amylase

level on POD 1 for differentiation between the no pan-

creatic fistula/grade A group and the grade B/C group

were sought by constructing receiver operating charac-

teristic (ROC) curves, which were generated by calculat-

ing the sensitivities and specificities of the drain amylase

level on POD 1 at several predetermined cut-off points.

Line graphs were used for graphical visualization (SPSS,

Chicago, IL). Statistical significance was defined as

P \ 0.05.

Results

The indications for PD in the 1,239 patients were 573

pancreatic adenocarcinoma, 237 bile duct carcinoma, 124

ampullary adenocarcinoma, 127 intraductal papillary neo-

plasms, 38 duodenal adenocarcinoma, 37 pancreatic

endocrine neoplasms, 46 tumor-forming pancreatitis, and

57 ‘‘other’’ diseases.

Postoperative complications

Table 1 shows the postoperative complications among the

patient cohort after PD. The overall morbidity was 44.2%

(548/1,239 patients). The overall rate of pancreatic fistula

was 30.2% (374 patients). When the pancreatic fistula was

classified into the three categories according to the ISGPF

criteria, 15.8% (196/1,239) of the patients had grade A

fistula; 11.8% (146 patients) had grade B; 2.6% (32

patients) had grade C. In total 139 (11.2%) patients had

intra-abdominal abscess, and 58 patients (4.7%) required

percutaneous drainage for the development of intra-

abdominal abscess related to pancreatic fistula after PD.

The reoperation rate due to pancreatic fistula was 0.72%

(9/1,239 patients), and the overall incidence of DGE was

16.9% (211/1,239 patients). The DGE was categorized

according to the ISGPS guidelines into grade A (107

patients, 9.6%), grade B (51 patients, 4.1%), and grade C

(53 patients, 4.3%). The overall mortality rate was 0.97%

(12/1,239 patients).

Comparison of patient characteristics, intraoperative

status, and postoperative outcome among types

of pancreatic fistula

Table 2 shows the general characteristics, intraoperative

status, and postoperative outcome of the 1,239 patients

classified by ISGPF. Based on the ISGPF criteria, 865 of

the 1,239 patients (69.8%) did not develop a pancreatic

fistula, and 196 patients (15.8%) developed only transient

pancreatic fistula (grade A), while a clinically relevant

pancreatic fistula (grade B/C) developed in 178 patients

(14.4%). The ratio of male to female patients was signifi-

cantly higher in those patients with a grade B/C fistula than

in those with no pancreatic fistula or a grade A fistula. In

those patients with a grade B/C fistula, the length of the

surgery was significantly longer, and the intraoperative

bleeding or the need for blood transfusion was significantly

higher, compared to subjects with no pancreatic fistula or a

grade A fistula. Patients with soft pancreatic parenchyma or

a pancreatic duct \3 mm had a significantly higher inci-

dence of pancreatic fistula (grade A and grade B/C) than

those with no pancreatic fistula (P \ 0.01). There were no
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significant differences between patients with grade A and

grade B/C pancreatic fistual in term of the presence of soft

pancreatic parenchyma or pancreatic duct \3 mm.

With regard to the postoperative outcome, the drain

amylase level on POD 1 in the grade B/C group

(18,846 ± 37,287 IU/L) was significantly higher than that

in the grade A group (7,951 ± 15,322 IU/L) (P = 0.002),

whereas there was no significant difference between the

grade A group and grade B/C group in terms of drain

amylase level on POD 3 and 4.

Predictive factors for the development of a clinically

relevant pancreatic fistula (grade B/C)

With regard to the sensitivity and specificity of the drain

amylase level on POD 1, an area under the ROC curve of

0.840 was obtained (P \ 0.001; 95% confidence interval:

0.807–0.874) (Fig. 1). Drain amylase level[4,000 IU/l on

POD 1 was suggested to be the best cut-off for prediction of

the clinically relevant pancreatic fistula. The sensitivity,

specificity, accuracy, positive predictive value and negative

predictive value of drain amylase level on POD1[4,000 IU/l

were 62.2, 89.0, 84.8, 51.1 and 92.7%, respectively.

Univariate and multivariate analysis were used to reveal

those factors predicting grade B/C pancreatic fistula.

Table 3 presents the results of the univariate analysis of 18

parameters as potential risk factors in the 178 patients with

clinically relevant pancreatic fistula (grade B/C) versus

1,061 patients with no pancreatic fistula or with transient

pancreatic fistula (grade A). Nine factors were extracted

and identified as being useful for discriminating between

those who would develop grade B/C fistula and those who

would not develop a fistula or would develop only grade A

fistula: (1) preoperative factors, namely, male gender

(P \ 0.001), BMI [25 kg/m2 (P = 0.005), HbA1c [7.0%

(P = 0.001), and creatinine [1.5 mg/dL (P = 0.039); (2)

intraoperative factors, namely, operative time [480 min

(P = 0.012), intraoperative bleeding [1,000 mL (P =

0.001), soft pancreatic parenchyma (P \ 0.001), and main

pancreatic duct \3 mm (P \ 0.001); (3) one postoperative

factor, namely, drain amylase level on POD 1 [4,000 IU/L

(P \ 0.001). A multivariate logistic regression analysis

revealed that male gender (OR 1.7, 95% CI 1.0–3.0,

P = 0.039), intraoperative bleeding [1,000 mL (OR 2.5,

95% CI 1.4–4.6, P = 0.001), soft pancreatic parenchyma

(OR 2.7, 95% CI 1.5–4.8, P = 0.001), and drain amylase

level on POD 1 [4,000 IU/L (OR 8.6, 95% CI 5.2–14.2,

P \ 0.001) were the significant predictive factors for

developing clinically relevant pancreatic fistula of grade

B/C (Table 4).

Discussion

The development of pancreatic fistula has been reported to

be a potentially life-threatening complication after PD [19–

21]. Although lower grade fistula can still complicate

patient recovery, it is very important to be able to predict

whether a patient will develop clinically relevant pancre-

atic fistula (grade B/C) in the early period after PD, since

these fistulas require changes in patient management and

are associated with a higher mortality rate. This study was

conducted as a project study of the JSHPBS and was

designed to evaluate the predictive factors associated with

the development of a clinically relevant pancreatic fistula

(grade B/C) after PD. We found that male gender, intra-

operative bleeding [1,000 mL, soft pancreatic paren-

chyma, and drain amylase level on POD 1 of[4,000 IU/L

were the most significant predictive factors of the devel-

opment of clinically relevant pancreatic fistula (grade B/C).

Table 1 Postoperative complications and the outcome after 1,239

pancreaticoduodenectomies

Postoperative complications/outcome No. of patients (%)

Overall morbidity 548 (44.2)

Local complication

Pancreatic fistulaa 374 (30.2)

Grade A 196 (15.8)

Grade B 146 (11.8)

Grade C 32 (2.6)

Intra-abdominal abscess 139 (11.2)

Intra-abdominal bleeding 34 (2.7)

Biliary leakage 29 (2.3)

Gastrointesitinal leakage 72 (5.8)

Delayed gastric emptyingb 211 (16.9)

Grade A 107 (9.6)

Grade B 51 (4.1)

Grade C 53 (4.3)

Wound infection 130 (10.5)

Systemic complications

Cardiac complication 35 (2.8)

Pulmonary complications 23 (1.9)

Sepsis 35 (2.8)

Percutaneous drainage 58 (4.7)

Persisting drain (more than 3 weeks)c 104 (8.4)

Reoperation 9 (0.7)

Mortality 12 (1.0)

a Pancreatic fistula as defined by the International Study Group of

Pancreatic Fistula (ISGPF)
b Delayed gastric emptying as defined by the International Study

Group of Pancreatic Surgery (ISGPS)
c Used in postoperative management of intra-abdominal abscess

related to pancreatic fistula
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In particular, a drain amylase value[4,000 U/L on POD 1

correlated with 8.6-fold increased risk of developing clin-

ically relevant pancreatic fistula.

Some authors have proposed that drain-related data,

including the drain amylase level, are useful for defining the

risk of developing a pancreatic fistula after PD [14, 22, 23],

including Molinari et al. [14], who suggested that a drain

amylase value on POD 1 [5,000 U/L was a significant

predictive factor for the incidence of pancreatic fistula.

However, the latter study was limited due to the small sample

Table 2 Comparison of patient characteristics, intraoperative status, and postoperative outcome among types of pancreatic fistula

Pancreatic fistula

Patient characteristics, intraoperative status, and postoperative outcome (-) (n = 865) Grade A (n = 196) Grade B/C (n = 178)

Patient characteristics

Age (years) 66 ± 11 67 ± 10 67 ± 9

Gender (male/female) 507/358 110/86 132/46c

Body mass index (kg/m2) 21.5 ± 3.4 21.7 ± 3.0 22.6 ± 3.3

ASA (I–II/III–IV) 740/122 172/24 144/33

Preoperative serum bilirubin level (mg/dl) 3.1 ± 4.6 2.9 ± 4.5 3.4 ± 5.9

Preoperative biliary drainage (%) 46.2 41.8 49.4

Preoperative hemoglobin (g/dL) 12.4 ± 1.6 12.3 ± 1.8 12.7 ± 1.7

Preoperative creatinine (mg/dL) 0.8 ± 10.6 0.8 ± 0.5 1.0 ± 1.0

HbA1c (%) 6.3 ± 4.5 5.8 ± 1.3 5.5 ± 0.9

Preoperative serum albumin (g/dL) 3.9 ± 0.5 3.9 ± 0.5 3.8 ± 0.5

Preoperative serum amylase (IU/L) 139 ± 244 137 ± 162 125 ± 113

Histology (benign/malignant) 132/696 43/144 35/132

Intraoperative status

Operative time (min) 480 ± 144 456 ± 133 542 ± 403c

Intraoperative bleeding (mL) 1,215 ± 1,168 1,170 ± 1,056 1,596 ± 1,849c

Red blood cell transfusion (unit) 1.8 ± 3.9 1.7 ± 2.8 2.9 ± 6.2c

Pancreatic duct ([3 mm/\3 mm) 573/170 99/77a 76/90b

Soft pancreatic texture (soft/hard) 355/510 151/45a 142/36b

Postoperative outcome

CRP on POD 1 (mg/dL) 9.1 ± 22.0 8.6 ± 3.3 9.3 ± 3.8

CRP on POD 3 (mg/dL) 12.0 ± 5.95 15.8 ± 7.4a 20.0 ± 7.2c

CRP on POD 4 (mg/dL) 8.35 ± 5.95 12.2 ± 6.1a 15.7 ± 6.7c

WBC on POD 1 (/mm3) 10,167 ± 3,367 10,636 ± 3,757 10,380 ± 4,163

WBC on POD 3 (/mm3) 9,127 ± 5,024 10,489 ± 3,562a 10,674 ± 3,840b

WBC on POD 4 (/mm3) 7,677 ± 6,169 8,799 ± 3,168a 9,735 ± 3,529b

Albumin on POD 1 (g/dL) 2.8 ± 1.0 2.9 ± 0.5 2.9 ± 0.5

Albumin on POD 3 (g/dL) 2.8 ± 0.5 2.8 ± 0.5 2.7 ± 0.5

Albumin on POD 4 (g/dL) 2.9 ± 0.6 3.0 ± 0.6 2.7 ± 0.4b

Amylase level of drainage fluid

POD 1 (IU/L) 1,058 ± 2,186 7,951 ± 15,322a 18,846 ± 37,278c

POD 3 (IU/L) 134 ± 181 3,638 ± 10,711a 6,284 ± 15,183c

POD 4 (IU/L) 79 ± 136 2,375 ± 9,565a 5,325 ± 18,452c

Postoperative hospital stay (days) 28 ± 18 29 ± 20 56 ± 40c

Data are given as the mean ± standard deviation (SD) unless otherwise indicated

ASA American Society of Anesthesiologists, HbA1c hemoglobin A1C (glycated hemoglobin), CRP C-reactive protein, WBC white blood cells,

POD postoperative day
a No pancreatic fistula vs. grade A, P \ 0.01
b No pancreatic fistula vs. grade B ? C, P \ 0.01
c No pancreatic fistula vs. grade B ? C, P \ 0.01 and grade A vs, grade B ? C, P \ 0.01
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size (n = 137). Moreover, of the 137 patients enrolled in the

study, 36 patients underwent distal pancreatectomy, and 12

(44%) of the 27 patients with pancreatic fistula reported in

their results underwent distal pancreatectomy, not PD [14].

In these three studies [14, 22, 23], clinically relevant pan-

creatic fistula (grade B/C) could not be distinguished from

transient (grade A) fistula in the early postoperative period

solely based on the drain amylase value. In three other

studies [15, 24, 25], the authors were unable to determine

whether the drain amylase value was reflective of clinically

relevant pancreatic fistula, although they did propose the

evaluation of predictive risk factors, such as the presence of

soft pancreas, intra-abdominal bleeding, and the postopera-

tive albumin level, as indicators for the development of

clinically relevant pancreatic fistula. To the best of our

knowledge, our study is the first published report demon-

strating that the drain amylase value on POD 1 can predict the

development of clinically relevant pancreatic fistula (grade

B/C). Therefore, based on the results of this study, early

removal of drains can be done when the drain amylase value

is\4,000 U/L on POD 1 because these patients are unlikely

to develop clinically relevant fistula. Moreover, early drain

removal has previously been demonstrated to play a critical

role in reducing the incidence of pancreatic fistula or intra-

abdominal abscess [26, 27].
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Fig. 1 Receiver operating characteristic (ROC) curves fore drain

amylase level on postoperative day (POD 1) to predict clinically

relevant pancreatic fistula (grade B/C). An area under the ROC curve

of 0.841 was obtained taking the sensitivity and specificity of the

drain amylase level on POD 1 into consideration [P \ 0.001, 95%

confidence interval (CI) 0.806–0.876]. A drain amylase level

[4,000 IU/l on POD 1 was therefore suggested to be the best cut-

off for predicting the clinical occurrence pancreatic fistula

Table 3 A univariate analysis

of the predictive factors for

clinical relevant pancreatic

fistula (ISGPF grade B/C)

BMI body mass index, COPD
chronic obstructive pulmonary

disease

Predictive factors Pancreatic fistula grade B/C

(-) (n = 1,061) (?) (n = 178) P value

Age ([75/B75 years) 202/859 31/147 0.608

Gender (male/female) 617/444 132/46 \0.001

BMI ([25/B25 kg/m2) 142/919 38/140 0.005

ASA (I–II/III–IV) 146/912 33/144 0.090

COPD (yes/no) 59/1,001 11/167 0.871

HbA1c ([7.0/B7.0%) 181/743 15/129 0.008

Hemoglobin ([12/B12 g/dL) 647/410 120/58 0.114

Creatinine ([1.2/B1.25 mg/dL) 32/975 11/162 0.039

Albumin ([3.5/B3.5 g/dL) 857/198 139/37 0.539

Total bilirubin ([5/B5 mg/dL) 212/846 36/142 0.776

Amylase ([180/B180 IU/L) 186/865 26/152 0.257

Preoperative biliary drainage (yes/no) 482/579 88/90 0.321

Operation time ([480/B480 min) 470/591 97/81 0.012

Intraoperative bleeding ([1,000/B1,000 mL) 478/583 105/73 0.001

Blood transfusion (yes/no) 344/717 69/109 0.097

Pancreatic texture (soft/hard) 506/555 142/36 \0.001

Main pancreatic duct (\3/C3 mm) 247/672 90/76 \0.001

Amylase level of drainage fluid on POD 1

(IU/L) (B4,000/[4,000)

712/88 56/92 \0.001
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In contrast, the authors of a number of other studies have

found that the amylase level in drainage fluid after PD has

no clinical significance [28, 29]. The ISGPF has proposed

that the ability to detect pancreatic fistula is imperfect

when only drain data are used [28]. Two factors may

underlie this low predictive ability: first, there have been

patients who ultimately demonstrated no clinically relevant

symptoms of pancreatic fistula despite having amylase-rich

fluid on POD 1; second, there was the pattern of pancreatic

fistula defined by Pratt et al. [30] as latent pancreatic fis-

tula. Latent fistulas have been defined as initially lacking

amylase-rich fluid but ultimately becoming clinically rel-

evant pancreatic fistula (grade B/C). Pratt et al. [30] pro-

posed that advanced age and small pancreatic duct size

were significantly associated with latent fistulas.

There are several limitations to our study because of the

multicenter and retrospective nature of the data collection.

First, the surgical procedures, such as pancreaticoenteros-

tomy (pancreaticogastrostomy or pancreaticojejunostomy)

or use of pancreatic duct stent (internal, external, or no

stent), were not standardized across institutions. Second,

drain management, such as the number of drains, location

of placed drains, or drain type, varied widely according to

institutional experience. There were cases which ultimately

demonstrated no clinically relevant symptoms of pancre-

atic fistula despite having amylase-rich fluid on POD 1. In

fact, 48.9% of patients with a drain amylase value

[4,000 U/L on POD 1 did not develop a clinically relevant

pancreatic fistula. Therefore, further studies are necessary

to prospectively validate these predictive risk factors to

confirm the possible relationship between these factors and

the development of clinically relevant pancreatic fistula

(grade B/C).

In conclusion, the results of this study, which was an

initiative of the JSHPBS, indicated that male gender, soft

pancreas, intraoperative bleeding [1,000 ml, and amylase

value [4,000 U/L in drains on POD 1 were significant

predictive risk factors for developing clinically relevant

pancreatic fistula (grade B/C). Management of pancreatic

fistula in the early period after PD is not sufficiently

standardized. Therefore, the identification of these predic-

tive risk factors can provide useful information to tailor the

postoperative management for patients who are at an

increased risk of developing pancreatic fistula, including

drain management, and the administration of antibiotics, a

protease inhibitor, octreotide, or enteral nutrition.
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