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ABSTRACT 
 
Pancreatoduodenectomy (PD) is widely performed for distal bile duct carcinoma 
(DBC). Pancreatic fistula (PF), one of the major complications after PD, is the 
leading cause of morbidity and mortality. To reduce the incidence of PF, many 
methods have been developed. Dunking pancreatojejunostomy (DUNK) and 
duct-to-mucosa pancreatojejunostomy (DUCT) are two representative 
pancreatojejunostomy (PJ) techniques. The aim of this study was to assess the 
relative effectiveness of the DUNK and DUCT techniques for PJ after PD for DBC. 
Eighty-six (86) DBC patients who had undergone PD at a single institution 
between April, 2000 and January, 2014 were enrolled. The patients were divided 
into two groups: a DUNK and DUCT group. Perioperative data and outcome were 
compared between the two groups. Among the patients, 54 underwent DUNK PJ 
(62.8% of the total), while 32 underwent DUCT PJ (37.2%). The 1-, 3- and 5-year 
survival rates in the DUNK group were 94.3, 54.3 and 37.1%, respectively, while 
those in the DUCT group were 100.0, 85.7 and 57.1%, respectively (P= 0.01). 
Univariate analysis revealed that pancreatic duct diameter (<1.5/>1.5 mm; odds 
ratio 4.370; 95% CI, 1.379-13.84; P= 0.012) and surgical procedure 
(DUNK/DUCT; odds ratio, 0.096; 95% CI, 0.026 - 0.354; P= 0.001) were associated 
with post-operative PF. Multivariate analysis revealed that only surgical procedure 
(odds ratio, 5.143; 95% CI, 1.126-23.48; P= 0.034) was associated with post-
operative PF. Fifty-five (55) patients did not develop PF and had ISGPF grade A 
(PF0, 1 group; 63.9%) and 31 patients had ISGPF grade B or C (PF2, 3 group; 
36.1%). The 1-, 3- and 5-year survival rates in the PF0,1 group were 100.0%, 
66.9% and 54.4%, respectively, while those in the PF2, 3 group were 84.0, 37.3 
and 32.7%, respectively (P= 0.02). DUCT reduces the incidence of PF, thus, 
contributing to better post-operative survival. 
 
Keywords: Dunking pancreatojejunostomy, duct-to-mucosa 
pancreatojejunostomy, pancreatoduodenectomy, distal bile duct carcinoma, soft 
pancreas, pancreatic fistula, reduced complication rate. 

 
 
INTRODUCTION 
 
Pancreatoduodenectomy (PD) is widely performed for 
various malignant and benign diseases of the distal bile 
duct, pancreatic head and periampullary region. With 
improvements in surgical techniques and perioperative 
management, the mortality associated with this procedure 
was reduced to less than 5% in high-volume centers; 
however, post-operative morbidity remains high, ranging 

from 20 to 65% (Kennedy and Yeo, 2011; Bai et al., 2013) 
Pancreatic fistula (PF), one of major complications 

occurring after PD, leads to prolongation of the hospital stay 
and increased medical costs, as well as, being the leading 
cause of morbidity and mortality (Iso et al., 2009). 

To reduce the incidence of PF, many methods for 
restoring  pancreatoenteric  continuity  were developed and  
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Figure 1: DUNK PJ. 

 
 
refined (Bai et al., 2013). Dunking pancreatojejunostomy 
(DUNK) and duct-to-mucosa pancreatojejunostomy (DUCT) 
are two representative pancreatojejunostomy (PJ) 
techniques. The aim of the present study was to assess the 
relative effectiveness of these two PJ techniques after PD 
for distal bile duct carcinoma (DBC). The outcomes of 
interest were PF rate, mortality, morbidity, post-operative 
hospital stay and prognosis. 
 
 
MATERIALS AND METHODS 
 
Patients 
 
Based on a retrospective review of a prospective database, 
86 consecutive patients who had undergone standard PD 
for DBC at the Department of Gastroenterological Surgery, 
Dokkyo Medical University, between April, 1st 2000 and 
January, 31st 2014 were enrolled in the study. All of the 
patients had a “soft pancreas”, defined as healthy, soft, or 
fragile pancreatic tissue without pancreatitis (Suc et al., 
2003). DUNK was performed up to December, 31st 2007 
and DUNK or DUCT performed according to the diameter 
and fragility of the pancreatic duct after January, 1st 2008. 
For patients with a small (diameter <1.5 mm) or vulnerable 
pancreatic duct, DUNK was employed. The patients were 
divided into two groups: a DUNK group (n = 54) and a 
DUCT group (n = 32). Perioperative data and outcome were 
compared between the two groups (Su et al., 2014). 
 
 
Surgical procedures 
 
Standard PD with distal partial gastrectomy was performed 
on each patient. The resected specimen included the 
pylorus of the stomach and a 3 cm width of the omentum, 
the gallbladder, bile duct, pancreatic head and duodenum 

and 10 cm of the proximal jejunum. In all patients with 
DBC, lymph nodes around the head of the pancreas, the 
common hepatic artery and the hepatoduodenal ligament 
were dissected. The pancreas was transected using 
electrocautery. After the specimen was removed, the 
modified Child method was employed for reconstruction in 
the following sequence: end-to-side DUNK PJ or DUCT PJ, 
end-to-side single-layer choledochojejunostomy and end-to-
side gastrojejunostomy with Braun anastomosis. In all 
patients, biliopancreatic reconstruction was performed 
using the jejunum brought up through the duodenal route 
(Su et al., 2014). 
 
 
DUNK PJ 
 
Following mobilization of the pancreatic remnant, we 
commenced PJ in end-to-side manner, 10 cm distal to the 
staple line on the jejunum. A pancreatic duct tube was 
inserted into the lumen of the remnant pancreatic duct and 
ligated over the duct with 4-0 prolene. The needle on the 
opposite site of the tube was inserted into the intestinal 
lumen and then brought out of the lumen 10 cm proximal 
to the insertion point. A purse string suture was then 
created at the insertion point using 4-0 prolene. Thereafter, 
4-0 prolene suture was passed from the ventral to the 
dorsal side of the pancreas and used for seromuscular 
suturing of the opposite intestinal wall with a bite width 
the same as the thickness of the pancreas and a total of six 
rows of sutures were placed. The two lengths of prolene 
used for the purse string suture and the pancreatic duct 
were ligated, respectively; thereafter, the two lengths of 
prolene ligated at the insertion point on the small intestine 
were manually pushed towards the pancreas. 
Subsequently, the six lengths of prolene were ligated so as 
to fix the stump of the pancreas to the intestinal wall 
(Figure 1). 
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Figure 2: DUCT PJ. 

 
 
DUCT PJ 
 
Upon placement of a pancreatic duct tube into the lumen of 
the remnant pancreatic duct, interrupted 4-0 prolene 
sutures were placed starting at the remnant pancreas, as 
well as, seromuscular bites on the jejunum. Anastomosis of 
the pancreatic duct to the intestinal mucosa was then 
performed using 5-0 or 6-0 polydioxanone (PDS) suture. A 
total of seven 6-0 PDS sutures were used for the posterior 
wall and five sutures for the anterior wall. After ligating the 
posterior wall sutures, a 4 Fr pancreatic duct tube was 
inserted into the pancreatic duct and fixed using one of the 
posterior sutures. The anterior sutures were then ligated, 
followed by ligation of the 4-0 Prolene sutures (Figure 2).   
 
 
Complications 
 
PF was diagnosed according to the guidelines of the 
International Pancreatic Fistula Study Group (ISGPF) (Bassi 
et al., 2005). The definition of PF was a drain output of any 
measurable volume of fluid on or after POD 3 with amylase 
content greater than thrice the serum amylase activity. 
Three different grades of PF (grades A, B and C) are defined 
by the ISGPF according to the clinical impact on the 
patient’s hospital course. Grade A, also called “transient 
fistula”, has no clinical impact.  

A CT scan typically shows no peripancreatic collections 
and no use of total parenteral nutrition, antibiotics, or 
somatostatin analogues are needed. Grade B is always 

associated with abdominal pain, fever, and/or leukocytosis, 
and antibiotics are usually required; somatostatin 
analogues may also be used. A CT scan may show 
peripancreatic collections requiring repositioning of the 
drains. Often the patient is fasting and supported by partial 
or total parenteral or enteral nutrition that usually leads to 
a delayed discharge. Grade C is severe and always 
necessitates a major change in clinical management or a 
deviation from the normal clinical pathway. A CT scan 
usually shows worrisome peripancreatic collections that 
require percutaneous drainage or re-exploration. There are 
often associated complications such as sepsis and organ 
dysfunction and the possibility of post-operative mortality 
rises (Bassi et al., 2005). 
 
 
Statistical analysis 
 
Data are presented as mean ± standard deviation (SD). 
Differences between groups were analyzed using the chi-
squared test, Student’s t test and Kruskal-Wallis test. Odds 
ratios with 95% confidence interval (95% CI) were 
calculated using univariate and comparative analysis. 
Univariate, multivariate and comparative analyses were 
performed using logistic regression analysis.  

Kaplan-Meier analysis and log-rank test were used to 
compare mortalities predicted on the basis of the surgical 
procedure. Statistical analyses were performed using the 
SPSS statistical software package, version 16.0 (SPSS, Inc., 
Chicago, IL) at a significance level of P <0.05.  
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Table 1: Patients’ clinical backgrounds. 
 

Parameters Patients’ clinical backgrounds 

Age  0.8 ± 10.6 

Male 55(63.9) 

Female (%) 31 (36.1) 

Preoperative biliary drainage (%) 86 (100.0) 

PDPVR (%) 6(7.0) 

PD (%) 80 (93.0) 

Operation time (min) 500.3 ± 98.9 

Intraoperative blood loss (ml) 724.2 ± 462.2 

Stage IA (%) 7 (8.1) 

Stage IB (%) 31 (36.1) 

Stage IIA (%) 26 (30.2) 

Stage IIB (%) 22 (25.6) 
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Figure 3: Overall survival rate. 

 
 
RESULTS 
 
Table 1 shows the characteristics of the patients. The mean 
age was 67.8 ± 10.6 years and there were 55 males (63.9%) 
and 31 females (36.1%). Pre-operative biliary drainage was 
performed in all cases. Endoscopic nasobiliary drainage 
(ENBD) was performed in 60 cases (69.8%) and 
percutaneous transhepatic biliary drainage (PTBD) 
performed in 26 cases (30.2%). Six patients underwent PD 
with portal vein resection (PDPVR) due to portal vein 
cancer invasion. The remaining 80 patients underwent only 
PD. The mean operation time was 500.3 ± 98.9 min and the 
mean operative blood loss was 724.2 ± 462.2 ml. There 
were no operation-related deaths. Pathological examination 
revealed that there were 7 cases of UICC stage IA, 31 cases 
of stage IB, 26 cases of stage IIA and 22 cases of stage IIB 
(International Union Against Cancer, 2002).  

The overall 1-, 3- and 5-year survival rates were 94.3, 

65.7 and 45.7%, respectively (Figure 3). The overall 1-, 3- 
and 5-year survival rates were 94.3, 65.7 and 45.7%, 
respectively. The 1-, 3- and 5-year survival rates for 
patients at stage IA were 100, 82.9 and 82.9%, while those 
for patients at stage IB were 97.1, 82.9 and 60.0% and  
those for patients at stage IIA were 94.3, 48.6 and 37.1%; 
those for patients at stage IIB were 88.6, 48.6 and 25.7%, 
respectively (P>0.05, Figure 4).  

The 1-, 3- and 5-year survival rates for patients at stage 
IA were 100, 82.9 and 82.9%, those for patients at stage IB 
were 94.3, 48.6 and 37.1%, while those for patients at stage 
IIA were 97.1, 82.9 and 60.0% and those for patients at 
stage IIB were 88.6, 48.6 and 25.7%, respectively (P>0.05). 

There were 54 patients in the DUNK PJ group (62.8% of 
the total) and 32 patients in the DUCT PJ group (37.2%). 
The 1-, 3- and 5-year survival rates in the DUNK group 
were 94.3, 54.3 and 37.1%, respectively, while those in the 
DUCT group were 100.0, 85.7 and 57.1%,  respectively  (P=  
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Figure 4: Survival rates according to tumor stage. 

 
 

0

10

20

30

40

50

60

70

80

90

100

0 20 40 60 80 100 120 140 160 180

Survival period Month

Su
rv

iv
al

 ra
te

DUNK (n=54)

DUCT (n=32)

Log rank test P=0.01

Fig.5

 
 

Figure 5: Survival rates according to surgical procedure. 

 
 
0.01, Figure 5). The 1-, 3- and 5-year survival rates in the 
DUNK group were 94.3, 54.3 and 37.1%, respectively, while 
those in the DUCT group were 100.0, 85.7 and 57.1%, 
respectively (P= 0.01). 

Table 2 shows the relationships between the surgical 
procedure and clinical background characteristics in the 86 
patients who underwent PD for DBC. There were 55 males 
and 31 females (54 patients being in the DUNK group and 

32 in the DUCT group). There were no significant 
differences between surgical procedure and clinical 
background factors such as gender, pre-operative biliary 
drainage, maximum tumor diameter, operation time, 
intraoperative blood loss, tumor histology and TNM stage 
(International Union Against Cancer, 2002). 

Table 3 shows the relationship between clinico-
laboratory    and     intraoperative    factors     and     surgical  
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Table 2: Relationships between clinical background factors and surgical procedure in patients with DBC. 
 

Variable Overall (n = 86) DUNK (n=54) DUCT (n = 32) P 

Gender     

Male 55 29 26 
0.824 

Female 31 25 6 

 

Preoperative biliary drainage     

ENBD 60 34 26 
0.631 

PTBD 26 20 6 

 

Maximum tumor diameter     

<2 cm 53 28 25 
0.345 

>2 cm 33 26 7 

 

Operation time     

<480 min  48 26 22 
0.787 

>480 min 38 28 10 

 

Intraoperative blood loss     

<600 ml 34 31 3 
0.659 

>600 ml 52 23 29 

 

Histology     

Well, mod differentiated 66 44 22 
0.499 

Others 20 10 10 

 

TNM staging     

IA 7 5 2 

0.185 
IB 31 17 14 
IIA 26 14 12 
IIB 22 17 5 

 

Pancreatic duct diameter     

<1.5 mm 24 7 17 
0.322 

>1.5 mm 62 55 7 
 

ENBD: Endoscopic nasobiliary drainage; PTBD: Percutaneous transhepatic biliary drainage. 
 
 

Table 3: Relationships between clinical laboratory and intra-operative factors and surgical procedure in patients with DBC. 
 

Variables Overall (n = 86) DUNK (n=54) DUCT (n = 32) P 

Age (year) 67.8 ± 10.6 69.4 ± 9.6 65.2 ± 11.8 0.094 
Operation time (min) 500.3 ± 98.9 522.9 ± 109.2 462.3 ± 63.7 0.051 
Bleeding volume (ml) 724.2 ± 462.2 748.0 ± 475.3 684.8 ± 444.3 0.538 
Tumor size (cm) 2.35 ± 1.27 2.38 ± 1.32 2.30 ± 1.16 0.809 
Pancreatic duct diameter (mm) 2.09 ± 0.82 2.36 ± 0.80 1.35 ± 0.08 0.051 
Albumin (g/dl) 3.51 ± 0.58 3.54 ± 0.58 3.44 ± 0.56 0.464 
CRP (mg/dl) 1.84 ± 3.10 1.72 ± 2.35 2.13 ± 4.51 0.686 
Neutrophil count (/mm3) 3622 ± 2499 3790 ± 2193 3252 ± 1899 0.439 
Lymphocyte count (/mm3) 1328 ± 779 1374 ± 738 1219 ± 875 0.462 
LDH (U/l) 263.4 ± 137.4 272 ± 146 244 ± 116 0.384 
AMY (U/l) 38.0 ± 36.7 46.0 ± 28.9 35.4 ± 10.5 0.987 
HbA1c (%) 6.12 ± 1.75 5.99 ± 1.79 6.30 ± 1.71 0.471 
BMI 20.9 ± 3.33 21.5 ± 3.74 19.9 ± 2.30 0.191 

 

Mean ± SD; Kruskal-Wallis test; BMI: Body mass index. 

 
 
procedure in patients who underwent PD for DBC. There 
were no significant differences between the surgical 

procedure and clinico-laboratory background factors such 
as  age,   mean operation time, bleeding volume, tumor size,  
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Table 4: Relationships between post-operative factors and surgical procedure in patients with DBC. 
 

Variables Overall (n = 86) DUNK (n=54) DUCT (n = 32) P 

Serum AMY (U/l) POD 3 124.7 ± 186.9 173.0 ±217.7 43.2 ± 61.9 0.001 

Drain AMY (U/l) POD 3 12061±22492 19200±27426 2247 ± 2968 0.001 

Morbidity (%) 57 (66.3) 45 (83.3) 12 (37.5) 0.001 

PF2, 3 (%) 31 (36.0) 28 (51.9) 3 (9.4) 0.001 

ISGPF Grade A (%) 26 (30.2) 17 (31.5) 9 (28.1) 0.517 

ISGPF Grade B (%) 19 (22.1) 18 (33.3) 1 (3.13) 0.001 

ISGPF Grade C (%) 12 (14.0) 10 (18.5) 2 (6.25) 0.001 

Biliary leakage (%) 0.00 0.00 0.00 - 

Delayed gastric emptying (%) 28 (32.6) 24 (44.4) 4 (12.5) 0.001 

Pneumonia (%) 23 (26.7) 22 (40.7) 1 (3.13) 0.001 

Deep mycosis (%) 8 (9.30) 8 (9.30) 0 (0.00) 0.001 

TAE for hemorrhage (%) 6 (6.98) 5 (9.26) 1 (3.13) 0.030 

Reoperation (%) 6 (6.98) 5 (9.26) 1 (3.13) 0.030 

Mortality (%) 0.00 0.00 0.00 - 

NGT removed (POD, day) 6.88 ± 8.61 9.39 ± 9.81 2.66 ± 3.12 0.001 

Drain removed (POD, day) 19.4 ± 22.6 26.7 ± 26.1 7.81 ± 4.99 0.001 

Postoperative stay (day) 41.8 ± 26.9 51.8 ± 28.6 24.8 ± 10.7 0.001 
 

Mean ± SD; Kruskal-Wallis test; ISGPF: International Pancreatic Fistula Study Group. 

 
 
pancreatic duct diameter, pre-operative albumin level, C-
reactive protein (CRP) level, neutrophil count, lymphocyte 
count, lactate dehydrogenase (LDH) level, amylase (AMY) 
level, HbA1c and body mass index (BMI). 

Table 4 shows the relationship between post-operative 
factors and surgical procedure in patients who underwent 
PD for DBC. There were no operation-related deaths. There 
were no significant differences in post-operative factors 
according to the surgical procedure employed, except for 
ISGPF grade A. 

Univariate analyses were performed for gender 
(female/male), age (<65/>65 years), operation time 
(<480/>480 min), bleeding volume (<600/>600 ml), 
drainage method (ENBD/PTBD), TNM staging 
(International Union Against Cancer, 2002), maximum 
tumor diameter (>2/<2 cm), pathology (others/well, mod; 
lymphatic duct invasion; vein invasion; plexus nerve 
invasion; pancreatic invasion; duodenal invasion; hepatic 
side ductal margin; excisional margin), albumin (<3.5/>3.5 
g/dl), CRP (<1.5/>1.5 mg/dl), neutrophil count 
(<3000/>3000/mm3), lymphocyte count 
(<1000/>1000/mm3), LDH (<250/>250 U/L), HbA1c 
(<5.8%/>5.8%) and BMI (<20/>20 kg/m2). The results 
revealed that pancreatic duct (<1.5/>1.5 mm) (odds ratio, 
4.370; 95% CI, 1.379-13.84; P=0.012) and surgical 
procedure (DUNK/DUCT) (odds ratio, 0.096; 95% CI, 0.026-
0.354; P=0.001) were associated with post-operative PF 
(Table 5). 

Multivariate analysis revealed that only the surgical 
procedure (odds ratio, 5.143; 95% CI, 1.126-23.48; 
P=0.034) was associated with post-operative PF (Table 6). 
Fifty-five patients did not develop PF and had ISGPF grade A 
(PF0, 1 group; 63.9%), while 31 patients had ISGPF grade B, 

C (PF2, 3 group; 36.1%). The 1-, 3- and 5-year survival 
rates in the PF0, 1 group were 100.0, 66.9 and 54.4%, 
respectively, while those in the PF2, 3 group were 84.0, 
37.3 and 32.7%, respectively (P= 0.02, Figure 6). 

The 1-, 3- and 5-year survival rates in the PF0, 1 group 
were 100.0, 66.9 and 54.4%, respectively, while those in the 
PF2, 3 group were 84.0, 37.3 and 32.7%, respectively (P= 
0.02). Eight patients developed deep mycosis (DM-Present; 
9.3%), while 78 patients did not (DM-Absent; 90.7%). The 
1-, 3- and 5-year survival rates for DM-Absent patients 
were 97.1, 55.7 and 47.2%, respectively, while those for 
DM-Present patients were 87.1, 48.6 and 35.7%, 
respectively (P= 0.02, Figure 7). The 1-, 3- and 5-year 
survival rates in the DM-Absent group were 97.1, 55.7 and 
47.2%, respectively, while those in the DM-Present group 
were 87.1, 48.6 and 35.7%, respectively (P= 0.02). 
 
 
DISCUSSION 
 
PD has become increasingly safe as a result of continuous 
technical improvements. However, PF remains a major 
form of post-operative morbidity and contributes 
significantly to mortality. To reduce the incidence of PF, 
many techniques have been described as alternatives to 
conventional PJ anastomosis (Su et al., 2014). 

DUNK and DUCT are two representative PJ techniques. 
The aim of the study was to assess the relative effectiveness 
of these two PJ techniques after PD for DBC in patients with 
a “soft pancreas”. 

DUNK is one of the most popular techniques for PJ. In 
this method, the pancreatic ductal end is approximated to 
the    serosal   side   of   the   jejunal   mucosa  by ligating the  
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Table 5: Univariate analyses of clinic laboratory, intra-operative and post-
operative factors in relation to PF. 

 

Variable P Odds ratio 95%C.I. 

Gender (female/male) 0.700 0.836 0.336 – 2.080 

Age (<65/>65  yr) 0.700 1.197 0.481 – 2.978 

Operation time (<480/>480 min) 0.213 1.766 0.721 – 4.326 

Bleeding volume (<600/>600 ml) 0.056 2.429 0.977 – 6.038 

Pancreatic duct diameter (<1.5/>1.5 mm) 0.012 4.370 1.379 – 13.84 

Drainage method (ENBD/PTBD) 0.954 0.972 0.368 - 2.565 

TNM staging 0.425 1.436 0.591 – 3.489 

Maximum diameter (>2/<2 cm) 0.180 1.917 0.741 – 4.958 

Pathology (others /well, mod) 0.968 0.974 0.261 – 3.634 

 (Lymphatic duct invasion) 0.362 1.556 0.602 – 4.019 

(Vein invasion) 0.886 1.067 0.441 – 2.581 

(Plexus nerve invasion) 0.859 0.912 0.329 – 2.523 

(Pancreatic invasion) 0.382 1.521 0.594 – 3.891 

(Duodenal invasion) 0.141 2.335 0.754 – 7.232 

(Hepatic side ductal margin) 0.630 0.567 0.056 – 5.696 

(Excisional margin) 0.994 0.995 0.267 – 3.711 

Albumin (<3.5/>3.5 g/dl) 0.794 0.889 0.368 – 2.147 

CRP (<1.5/>1.5 mg/dl) 0.221 1.805 0.701 – 4.642 

Neutrophil count (<3000/>3000 /mm3) 0.657 1.226 0.499 – 3.009 

Lymphocyte count(<1000/>1000/mm3) 0.477 1.400 0.554 – 3.535 

LDH (<250/>250 U/l) 0.394 1.485 0.598 – 3.684 

Surgical procedure (DUNK/DUCT) 0.001 0.096 0.026 – 0.354 

HbA1c (<5.8/>5.8 %) 0.746 1.184 0.425 – 3.297 

BMI (<20/>20 kg/m2) 0.090 2.213 0.883 – 5.551 
 

95% C.I.; 95% confidence interval. 

 
 
 

Table 6: Multivariate analyses of clinic-laboratory, intra-operative and post-operative factors 
in relation to PF. 

 

Variable P Odds ratio 95%C.I. 

Pancreatic duct diameter (<1.5/>1.5 mm) 0.848 1.117 0.358 – 3.484 

Surgical procedure (DUNK/DUCT) 0.034 5.143 1.126 – 23.48 
 

95% C.I.; 95% confidence interval.  

 
 
 
pancreatic duct tube with two stay sutures. This method 
can be easily applied to a small pancreatic duct if a duct 
tube can be inserted into it (Hakamada et al., 2008). 
Surgeons tend to choose this method for patients with a 
small pancreatic duct because it is a very simple procedure 
and does not require manipulation of a fine needle or use of 
a surgical microscope (Wada and Traverso, 2006). 
However, as the pancreatic duct is not directly 
anastomosed to the jejunal mucosa, healing does not occur 
promptly and the incidence of PF tends to be higher. 

DUCT, on the other hand, is recommended especially for 
patients with a dilated Wirsung duct and is considered by 
some experts to be the most effective technique for 

ensuring a histologically compatible PJ (Batignani et al., 
2005). We adopted this method since 2008. Each step of 
the procedure already described adheres to a rationale 
focused on the elimination of PF. Exposure of the intact 
jejunal mucosa is thought to promote vascularization and 
enhance the process of healing between the mucosa and 
the cut surface of the pancreatic stump (Katsaragakis et al., 
2013).  

In 2005, the ISGPF developed a universal definition of PF 
and classified it into three grades based on clinical 
parameters (Bassi et al., 2005). 

Pratt et al. (2007) studied the incidence of PF in 176 
consecutive   patients  who  underwent PD and found that it  
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Figure 6: Survival rates according to PF. 
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Figure 7: Survival rates according to presence of deep mycosis. 

 
 
 
was 30%. The majority of patients that developed grade A 
were (15%), grade B (12%) and grade C (3%) fistulas. In a 

study involving 680 patients from five centers in France, 
Fuks    et al.  (2009)  observed  an  overall  PF rate of 16.3%.  
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Grade C fistula was observed in 5.6% of the patients (Aroori 
et al., 2011).  

In the present study, only patients with a “soft pancreas” 
were included. The majority of patients that developed grade 
A were (30.2%), grade B (22.1%) and grade C (14.0%) 
fistula. Our PF rate was slightly higher than those 
previously reported, likely because only “soft pancreas” 
was included in our series. In patients with a “soft 
pancreas”, leakage of pancreatic juice not only from the 
main duct, but also from the branch ducts, due to good 
exocrine function, may lead to life-threatening 
complications. However, we employed DUCT since 2008 
and this has considerably reduced the incidence of PF. Our 
data indicated that the incidence of PF2, 3 was 51.9% after 
DUNK, versus 9.4% after DUCT (P= 0.001). 

The development of PF depends on the type of pancreatic 
anastomosis and the type of pancreatic remnant. Veillette et 
al. (2008) reported a mortality rate of 9.3 to 40% among 
patients with PF2, 3 after PD. In their large series, Fuks et 
al. (2009) reported that among 111 patients with PF, 36 
(32%) had grade C PF, of whom 17 (47%) had sepsis due to 
abdominal collection, 16 (44%) had post-operative 
bleeding, 10 (27.7%) had bleeding associated with 
abdominal collection, while 3 (9%) had multi-organ failure 
due to other causes. Of these 36 patients, 35 (97%) 
underwent reoperation. The mortality rate among grade C 
PF patients was 38.8%. PF2, 3 resulting in intraabdominal 
bleeding, sepsis, deep mycosis, neutrocytosis and 
lymphocytopenia (Iso et al., 2009) may often prove fatal. 

In our present study, PF2, 3 was observed in 31 of 86 
patients (36.1%) and 20 patients (23.3%) died after several 
months or a year due to infection or cancer recurrence. The 
5-year survival rates of PF0, 1 patients and PF2, 3 patients 
were 54.4 and 32.7%, respectively and the difference was 
significant (P= 0.02). PF2, 3 is known to be a risk factor for 
microbial translocation from the gastro-intestinal tract, 
which may lead to deep mycosis, lymphocytopenia and 
neutrocytosis (Iso et al., 2009). This is because the 
reticuloendothelial system in the liver and lung is crucial for 
control of mycosis and becomes negative as liver function 
recovers. Thus, a higher incidence of mycosis after 
development of PF2, 3 may be due to sustained liver 
dysfunction (Iso et al., 2009). The lymphocyte-mediated 
antitumor immune reaction is also attenuated in PF2, 3 
patients. On the other hand, neutrocytosis can inhibit the 
cytolytic activity of lymphocytes, natural killer cells and 
activated T cells. Thus, both lymphocytopenia and 
neutrocytosis may be important factors affecting tumor 
progression, thereby, contributing to a poor outcome (Iso 
et al., 2014; Petrie et al., 1985; el-Hag and Clark, 1987). 
 
 
Conclusions 
 
Our present results suggest that PF2, 3 is associated with 
poor prognosis in patients undergoing PD for DBC. DUCT 
reduces the incidence of PF, thus, contributing to better 

post-operative survival. 
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