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Pancreaticojejunostomy is the key procedure of pancreaticoduodenectomy. Our study introduced a new
pancreaticojejunal (PJ) anastomosis named ‘‘papillary-like main pancreatic duct invaginated’’
pancreaticojejunostomy. Nighty-two patients underwent pancreaticojejunostomy with either conventional
duct-to-mucosa pancreaticojejunostomy or the new ‘‘papillary-like main pancreatic duct invaginated’’
techniques were analyzed retrospectively from January 2010 to September 2012. The incidence of pancreatic
fistula was 15.7% (8/51) for the ‘‘papillary-like main pancreatic duct invaginated’’ group and 19.5% (8/41)
for the duct-to-mucosa fashion respectively. It is noteworthy that the rate of grade B/C postoperative
pancreatic fistula (POPF) in the ‘‘papillary-like main pancreatic duct invaginated’’ group was significantly
lower than that of the duct-to-mucosa group (P 5 0.039). There were no differences in the incidence of
postoperative morbidity and mortality such as postoperative hemorrhage, delayed gastric emptying or
remnant pancreatitis. The ‘‘papillary-like main pancreatic duct invaginated’’ pancreaticojejunostomy could
provide a feasible option to pancreatic surgeons for patients with normal soft pancreas.

P
resently, pancreaticoduodenectomy is widely accepted as the standard surgical procedure for patients with
resectable tumor in the pancreatic head and periampullary region1. Although a great challenge for a surgeon,
pancreaticojejunostomy will directly contribute to the success of the pancreaticoduodenectomy regardless

of procedural success. Postoperative pancreatic fistula (POPF) is a major complication for pancreaticojejunost-
omy and most often results in poor surgical outcomes2–5. Duct-to-mucosa pancreaticojejunostomy is commonly
used in the modern pancreatic surgery. The duct-to-mucosa method is not affected by the size of pancreatic
stump or jejunal lumen and does not need too much free pancreatic remnant, making it a widely used anastomotic
technique, with the postoperative pancreatic leakage rate ranging from 4.2% to 24%6–9. However, for cases with
small main pancreatic duct and soft pancreatic texture, its advantages appear to be limited and the incidence of
pancreatic leakage is still relatively high10–12. Recently, we have developed a ‘‘papillary-like main pancreatic duct
invaginated’’ pancreaticojejunostomy after pancreaticoduodenectomy in our clinical practice and have obtained
some promising results.

Results
Operation-related clinical data in two PJ anastomosis. All 92 patients had normal soft pancreas textures, among
which 41 cases were performed with conventional duct-to-mucosa pancreaticojejunostomy and the other 51
cases underwent a ‘‘papillary-like main pancreatic duct invaginated’’ method. As described in Table 1, the two
groups were compared in age, sex, BMI, and pathological types. No statistical differences were found between the
two groups. Both the operative time and anastomotic time were slightly longer in the ‘‘papillary-like main
pancreatic duct invaginated’’ group than in the duct-to-mucosa group, but without statistical difference. For
the other operation-related data, including intraoperative hemorrhage, diameter of pancreatic duct and hospital
stay time, differences between the two groups were not statistically significant (Table 2).

OPEN

SUBJECT AREAS:
CANCER THERAPY

PANCREATIC CANCER

GASTROINTESTINAL CANCER

OUTCOMES RESEARCH

Received
13 May 2013

Accepted
3 June 2013

Published
25 June 2013

Correspondence and
requests for materials

should be addressed to
X.J.Y. (yuxianjun88@
hotmail.com) or M.L.
(min.li@uth.tmc.edu)

* These authors
contributed equally to

this article.

SCIENTIFIC REPORTS | 3 : 2068 | DOI: 10.1038/srep02068 1



‘‘Papillary-like main pancreatic duct invaginated’’ pancreatico-
jejunostomy decreased the rate of Grade B/C POPF. POPF
occurred in eight patients (8/41) in the duct-to-mucosa group,
compared with eight patients (8/51) in the ‘‘papillary-like main
pancreatic duct invaginated’’ group. In the duct-to-mucosa group,
three patients were in grade A, four patients were in grade B, and one
patient was in grade C. In the ‘‘papillary-like main pancreatic duct
invaginated’’ group, seven patients were in grade A and one was in
grade B (Table 3). The POPF grade B/C rate in the ‘‘papillary-like
main pancreatic duct invaginated’’ group was significantly reduced
than that in the duct-to-mucosa group (P 5 0.039, Table 3). All the
patients in Grade A POPF were just treated with delayed removal of
the drainage tubes. The five cases in Grade B POPF were treated with
enteral nutrition, antibiotics and repositioning the drainage tubes.
One patient in Grade C attempted to receive a CT-guided percutan-
eous drainage after developing a local peripancreatic abscess, but
failed. Ten days after surgery, the patient underwent a second
operation to relieve the abdominal abscess.

Other postoperative complications and outcomes. Postoperative
complications are listed in Table 3. In both groups, there were no
perioperative deaths and no patients developed postoperative hemo-
rrhage or biliary leakage. Delayed gastric emptying was found in two
patients with the duct-to-mucosa method, and two patients with the
‘‘papillary-like main pancreatic duct invaginated’’ method (Table 3),
which were treated by reinsertion of the nasogastric tube, enteral
nutrition support, and the prokinetic drugs such as Domperidone.
One postoperative remnant pancreatitis case was found in both the
‘‘papillary-like main pancreatic duct invaginated’’ group and the
duct-to-mucosa group, as diagnosed by postoperative serum

amylase and the abdominal CT scan. They were treated by
somatostatin 0.1 mg in subcutaneous injection every 8 hours. Both
cases were recovered. Other complications such as postpancreate-
ctomy hemorrhage, liver abscess and biliary leakage did not occur in
both groups.

Postoperative changes of pancreatic function. In Table 4, we com-
pared some postoperative blood parameters relating to pancreatic
function on POD 1 and 3, such as WBC, blood amylase and BG. No
statistical difference was found between the two groups.

Discussion
Pancreaticoduodenectomy is a standard surgical approach for resect-
able pancreatic tumors and periampullary tumors. It is considered a
safe procedure resulting from the continuous improvement in sur-
gical techniques over the years13–16. Although postoperative mortality
has obviously decreased, pancreatic fistula is still a major challenge in
pancreatic surgery and remains the major cause of postoperative
morbidity and mortality after PD, ranging from 5% to 30%11, 12, 17.

Currently, several techniques and modifications have been
proposed for pancreatic anastomosis over the past few decades,
including the conventional duct-to-mucosa method7, 18, 19, pancrea-
ticogastrostomy20,21, Peng’s binding method22, dunking method23

and end-to-side invaginated method24. Among them, the conven-
tional duct-to-mucosa method, which is not affected by the size of
pancreatic remnant as well as the jejunal lumen and doesn’t need too
much free pancreatic remnant for the anastomosis, is still the most
popular anastomosis nowadays. Unfortunately, in the cases of nor-
mal soft pancreas with a small main pancreatic duct, it is difficult to
perform the duct-to-mucosa approach. It always leads to a self-
incision for the duct, along with an inadequate drainage for the
pancreatic juice from the main pancreatic duct after the anastomosis.
This results in a postoperative pancreatic fistula.

Table 1 | Preoperative data in two groups

Duct-to-Mucosa

(n 5 41)

Papillary-like

(n 5 51) P value

Median Age 56.9 6 10.8 57.7 6 12.6 0.745
Sex (male) 23 26 0.625
Median body mass

index(BMI)
22.0 6 1.0 21.7 6 1.1 0.104

Pathological types 0.464
Duodenal tumora 7 14
Ampullary cancerb 19 19
Pancreatic neoplasmsc 15 18

a: including Duodenal cancer, Gastrointestinal stromal tumor (GIST).
b: including Bile duct cancer, Duodenal papilla cancer, Cancer of Vater ampulla.
c: including Solid pseudopapillary carcinoma, Neuroendocrine tumor, Benign
cystadenoma,Pancreatic cyst, Intraductal papillary mucinous neoplasm (IPMN), Pancreatic
uncinate process cancer.

Table 2 | Operative related data in two groups

Duct-to-Mucosa

(n 5 41)

Papillary-like

(n 5 51) P value

Operative time (min) 398.9 6 61.9 401.3 6 59.2 0.848
Intraoperative blood

loss (ml)
406.5 6 125.4 407.0 6 159.1 0.988

Diameter of pancreatic
duct (mm)

2.8 6 0.2 2.7 6 0.2 0.114

Anastomotic time (min) 20.6 6 3.5 20.7 6 2.1 0.902
Operative procedure 0.884
PPPD 11 13
PD 30 38
Hospital stay time (d) 23.6 6 10.8 20.2 6 10.0 0.121

PPPD: Pylorus-preserved pancreaticoduodenectomy.
PD: pancreaticoduodenectomy.

Table 3 | Postoperative morbidity and mortality of two groups

Duct-to-Mucosa

(n 5 41)

Papillary-like

(n 5 51) P value

Delayed gastric emptying 2 2 0.823
Intra-abdominal abscess 1 0 0.262
Remnant pancreatitis 1 1 0.876
Reoperation patient 1 0 0.262
POPF 0.039
Grade A 3 7
Grade B/C 5 1

Table 4 | Blood Amylase, BG and WBC between the two groups on
POD1, 3

Duct-to-Mucosa

(n 5 41)

Papillary-like

(n 5 51) P value

Postoperative blood
amylase (U/L)

D1 75.4 6 70.3 69.8 6 68.1 0.702
D3 49.9 6 36.8 43.1 6 34.1 0.361

Postoperative BG (mmol/L)

D1 10.1 6 2.4 10.2 6 2.0 0.836
D3 9.7 6 1.5 10.2 6 1.7 0.182

Postoperative WBC counts
(3109/L)

D1 13.2 6 2.7 13.7 6 2.1 0.300
D3 11.7 6 1.8 12.0 6 2.4 0.497
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To overcome these shortcomings and reduce the incidence of
postoperative pancreatic fistula, some surgeons attempted to position
a stent in the main pancreatic duct across the PJ anastomosis to
assure a fluent drainage of pancreatic juice from the main pancreatic
duct to the jejunum22, 25, 26, this stent can also be a landmark for the
orifice of the pancreatic duct, preventing accidental suturing of both
anterior and posterior walls. However, other surgeons27 have indi-
cated that the internal pancreatic stent does not decrease POPF
in soft pancreatic texture. Markar, et al28 demonstrated that intra-
operative blood loss, operation length, and hospitalized duration were
significantly increased in association with pancreatic stent placement
according to the results of six clinical trials. In this study, we molded a
‘‘papillary-like main pancreatic duct’’ like ‘‘a physiological stent’’, and
invaginate it into the jejunal lumen. This modified novel technique
was used to connect the main pancreatic duct with the jejunal lumen,
similar to the duct-to-mucosa method.

Sugiyama and colleagues examined four pancreatic specimens
with soft pancreatic texture and small main pancreatic duct, and
found that there were about 5–7 tiny collateral pancreatic ducts on
the cutting surface of the pancreatic remnant29. We thought that the
secretion from the cut surface might be the risk factor for POPF, so
we closed the pancreatic remnant to reduce the risk of the fistula as
well as postoperative hemorrhage.

According to different definitions, the incidence of postoperative
pancreatic fistula is highly variable11, 12, 17. In this study, POPF was
defined according to the International Study Group of Pancreatic
Fistula (ISGPF): drainage of any measurable volume of fluid with the
amylase content greater than three times the normal serum value on
or after POD 312. In the 51 cases using this ‘‘papillary-like main
pancreatic duct invaginated’’ pancreaticojejunostomy, eight patients
developed a postoperative pancreatic fistula. Although the overall
POPF was not significantly reduced, the Grade B/C POPF rate of
the ‘‘papillary-like main pancreatic duct invaginated’’ group was
lower than that in the duct-to-mucosa group, which suggested
that this novel ‘‘papillary-like main pancreatic duct invaginated’’

pancreaticojejunal anastomosis could reduce the incidence of the
severe POPF. We speculate that the improvement was attributed to
the following reasons: 1. Closure of the pancreatic stump lowered the
opportunity of fistula from the collateral pancreatic duct. 2. We used
a protruding ‘‘papillary-like main pancreatic duct’’ to take the place
of the internal stent, avoiding the iatrogenic injury to the main pan-
creatic duct and following pancreatitis and anastomotic leakage.
When the ‘‘papillary-like main pancreatic duct’’ had been invagi-
nated into the jejunum, the pancreatic juice drained directly into
the jejunal lumen. 3. We did not place the suture through the main
pancreatic duct during the procedure, in order to avoid the leakage
from the inaccurate sutures.

But compare to the conventional duct-to-mucosa method, there
were some arising problems to be solved for the new anastomosis in
our clinic practice. First, we had to isolate a small part of the free
pancreatic tissues for the moulding of ‘‘papillary-like main pancre-
atic duct’’ in the new anastomosis, but it was quite easy to perform in
normal soft pancreas cases. Second, some pancreatic parenchyma
around the ‘‘papillary-like main pancreatic duct’’ should be removed,
which might lead to a light increase of hemorrhage and a loss and
dysfunction of the pancreas. Moreover, this was only a retrospective
study with a small sample size, so the result only represented for a
small group of patients, which needs to be further validated by large-
scale clinical trial.

In summary, this ‘‘papillary-like main pancreatic duct invagi-
nated’’ PJ anastomosis may reduce the grade B/C POPF after pan-
creaticoduodenectomy without prolonged operation time and is
relatively simple and easy-to-learn. With a further randomized trial,
it may provide a better option to pancreatic surgeons for cases with
soft pancreatic texture and a small main pancreatic duct.

Methods
Patients. This study was approved by the Human Research Ethics Committee at
Shanghai Cancer Center, Fudan University. Informed consent was obtained from
each patient according to the committee’s regulation. In this study, we summarized
the related data of 51 patients treated with the new method from January 2010 to

Figure 1 | Management of the pancreatic stump. (A) A 1–1.2 cm pancreatic stump was isolated. (B) The pancreatic stump was molded into a ‘‘fish

mouth-like’’ shape, with the pancreatic duct protruding out of the stump. The pancreatic stump was closed with interrupted inverting sutures around the

‘‘papillary-like main pancreatic duct’’.

Figure 2 | Treatment of the posterior wall of ‘‘papillary-like main pancreatic duct invaginated’’ pancreaticojejunostomy. (A) The back wall of

pancreatic stump and the seromuscular layer of jejunum were sewn together using 4-0 absorbable sutures by interrupted sutures. (B) A small full-

thickness enterotomy was penetrated on the jejunal wall for connecting to the ‘‘papillary-like main pancreatic duct’’.
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September 2012 in Shanghai Cancer Center. We retrospectively compared these cases
with other 41 cases that underwent the duct-to-mucosa method during the same
period. All of the pancreatic remnants were of the normal soft pancreas variety. The
normal soft pancreas had a main pancreatic duct diameter of ,3.5 mm in the head,
normal exocrine and endocrine functions and an absence of pancreatitis or fibrosis in
postoperative pathologic specimens. We use a ruler to measure the diameter of the
main pancreatic duct on the cutting surface of the remnant pancreas after the incisal
margin has been proved negative by the intraoperative fast frozen pathology. The two
groups were not consecutive and one experienced surgeon performed all the cases.
Drainage amylase, blood amylase, white blood cells (WBC), and blood glucose (BG)
were measured on postoperative day (POD) 1 and 3. Computed tomography (CT)
scans were performed for suspicion of intraabdominal abscess, fluid collection, or
fistula after surgery. Complications were graded according to Clavien’s
classification10 and the POPF was diagnosed according to the International Study
Group of Pancreatic Fistula (ISGPF) guidelines. The definition of pancreatic fistula is
a drain output of any measurable volume of fluid on or after POD 3 with the amylase
content greater than 3 times the serum amylase activity. Three different grades of
POPF (grades A, B, C) are defined by 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 the use of total
parenteral nutrition, antibiotics, or somatostatin analogues are not 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 with partial or total parenteral or enteral nutrition that usually
leads to a delayed discharge. Grade C is severe, and always shows 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 postoperative mortality rises12.

Duct-to-Mucosa pancreaticojejunal anastomosis. The excision of pancreas was
performed slightly left to the neck of pancreas according to the position of the tumor.
Prolene sutures were used to repair the obvious bleeding points on the cut surface of
the pancreatic stump and electrocoagulation for hemostasis was used to confirm the
masked bleeding points. After locating the main pancreatic duct, the surgeon
performed a suturing of the back layer of the duct-to-mucosa anastomosis between
the pancreatic parenchyma and seromuscular jejunum by interrupted 4-0 absorbable
sutures (ETHICON, VCP771D). A small enterotomy was then performed on the

jejunum wall in order to connect the main pancreatic duct. The suture of the main
pancreatic duct to the enterotomy site was secured by an interrupted 4-0 absorbable
suture with 2–3 stitches for both anterior and posterior walls of the duct. This
completes the anterior layer of the anastomosis9, 13.

‘‘Papillary-like main pancreatic duct invaginated’’ pancreaticojejunostomy.
Management of the pancreatic stump: The operation was performed when the
intraoperative frozen section confirmed there was no residual tumor at the resection
margin of the pancreatic stump. A 1–1.2 cm pancreatic stump was carefully isolated
(Figure 1A) and the pancreatic stump was molded into a ‘‘fish mouth-like’’ shape,
with the ‘‘papillary-like main pancreatic duct’’ protruding out of the stump 6–8 mm.
Briefly, an annular incision of 6–8 mm depth was made carefully about 2–3 mm
around the main pancreatic duct, and then the pancreatic parenchyma around the
main pancreatic duct was removed to leave the ‘‘papillary-like main pancreatic duct’’
protruding out of the stump. Before closure of the remnant, any bleeding points and
visible branches of pancreatic duct on the cut surface should be repaired preciously
with 4-0 absorbable sutures or coagulated by electrocautery. The pancreatic stump
was then closed using interrupted inverting sutures around the ‘‘papillary-like main
pancreatic duct’’ (Figure 1B).

Pancreaticojejunal (PJ) Anastomosis: PJ anastomosis was performed in a retrocolic
manner. On both sides of the main pancreatic duct, the back wall of pancreatic stump
and the seromuscular layer of jejunum were sewn together using 4-0 absorbable
sutures by interrupted sutures (Figure 2A). A small full-thickness enterotomy was
penetrated on the jejunal wall for connection to the ‘‘papillary-like main pancreatic
duct’’ (Figure 2B). The ‘‘papillary-like main pancreatic duct’’ was then invaginated
into the jejunal hole by firmly placing 4-6 sutures from the ‘‘periductal’’ parenchyma
to the whole-layer jejunal hole (Figure 2B, Figure 3A). It is worthy to note that stitches
should be placed into the tissues just around the ‘‘papillary-like main pancreatic duct’’
rather than into the pancreatic duct itself. Interrupted 4-0 absorbable sutures were
placed between the front wall of pancreatic stump and the seromuscular jejunum to
complete the anastomosis (Figure 3B).

Hepaticojejunostomy anastomosis and drain management: In order to guarantee
that there was no tension for the PJ anastomosis in the case of jejunal peristalsis, an
end-to-side single layer interrupted hepaticojejunostomy was performed using the
jejunal loop at about 8–10 cm from the PJ anastomosis. One drain was placed anterior
to the PJ anastomosis and another posterior to the anastomosis (Figure 4). The
nasogastric tube and nasal feeding tube were placed during the surgery.

Statistical analysis. Comparisons between the two groups were measured using the
Fisher exact test, and the averages were compared using the Student’s t-test.
Differences were considered significant at P,0.05. Numerical data was expressed as
Mean 6 SD (SD 5 standard deviation).
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