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Pancreaticoduodenectomy is considered the standard operation for periampullary

tumors. Despite major advances in pancreatic surgery, pancreatic fistula is still an

important cause of morbidity and mortality after pancreaticoduodenectomy. Meticulous

surgical technique and proper reconstruction of the pancreas are essential to prevent

pancreatic fistula. Pancreaticogastrostomy is a safe method for reconstruction of the

pancreas after pancreaticoduodenectomy. Regardless of pancreatic texture or duct

diameter, the reconstruction is performed by passing full-thickness sutures through

both the anterior and posterior sides of the pancreas. In this study, we report 39 cases of

reconstruction with pancreaticogastrostomy after pancreaticoduodenectomy without

mortality or pancreatic fistula.
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Pancreaticoduodenectomy (PD) is considered the

standard treatment for periampullary tumors.

Despite major advances in pancreatic surgery, over-

all postoperative morbidity after PD is high, even in

high-volume centers.1 While the operation-associat-

ed mortality rate of pancreatic surgery has de-

creased to less than 4%, the operation-associated

morbidity rate is reported to be as high as 50%,
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largely due to the pancreaticoenteric anastomosis,
the ‘‘Achilles’ heel’’ of pancreatic surgery.2–4

Pancreatic fistula (PF) is the most important cause
of morbidity and mortality after PD. Soft pancreatic
tissue texture and small pancreatic duct diameter
have been identified as risk factors for PF. Pancreatic
fistula may cause life-threatening complications, such
as postoperative hemorrhage and peritonitis.5 We
report the first cases without mortality or PF in 39
patients who were reconstructed with pancreatico-
gastrostomy (PG) after PD. In this study, we
performed the PG by passing full-thickness sutures
through the pancreas wall from both the anterior and
posterior sides of the gland regardless of pancreatic
tissue texture or pancreatic duct diameter.

Methods

We retrospectively reviewed the medical records of
39 patients who underwent PD between 2010 and
2013 at Inonu University, Turgut Ozal Medical
Center. Inonu University School of Medicine Ethics
Committee approval was obtained. Data collected
included demographic information, surgical tech-
nique, postoperative complications, mortality, labo-
ratory values, and imaging studies. Pancreatic duct
diameter of the patients was measured by 2
radiologists on the computed tomography (CT)
scans obtained preoperatively. Abdominal drain
amylase levels were evaluated daily during the
postoperative period. Concentrations of drain amy-
lase levels were determined from the combined 24-
hour output of both abdominal drains. Abdominal
drains were removed when the output was less than

30 mL/d and also when the drain amylase level was
below 3 times lower than serum amylase activity.

Bassi et al reported an international study group
definition about pancreatic fistula (ISGPF) in 2005.6

We diagnosed the postoperative PF with clinical,
laboratory, and radiologic findings. Actually the
main sign for the diagnosis of PF was the persistent
drainage of the operatively-placed drain with an
amylase content greater than 3 times the upper
normal serum value. Also laboratory and radiologic
findings like high serum leukocyte count, increased
C-reactive protein, and visualization of peripancre-
atic fluid collection were helpful for the diagnosis.

Surgical technique

PD was performed according to a standardized
technique as described previously.7 All patients
underwent an extended lymphadenectomy. The bile
duct, hepatic artery, portal vein, celiac trunk, and
superior mesenteric artery were routinely skeleton-
ized. The neck of the pancreas was transected to the
left of the portal vein. After removing the specimen,
the remnant pancreas was freed from the retroper-
itoneal attachments. The posterior wall of the
stomach was approximated to the remnant pancreas
without tension, and a gastrotomy was made at the
antrum (Fig. 1).

To perform the PG, double-armed polypropylene
sutures were passed from the posterior pancreatic
wall to the anterior pancreatic wall through the full
thickness of the organ. These sutures were then
passed through the posterior seromuscular layer of
the stomach (Fig. 2). Next, double-armed polypro-

Fig. 1 The posterior wall of the stomach was approximated to

the remnant pancreas.

Fig. 2 Sutures were passed through the posterior seromuscular

layer of the stomach.
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pylene sutures were passed through the anterior
pancreatic wall to the posterior pancreatic wall
through the full thickness of the organ (Fig. 3). A
Bakes dilator was used to cannulate the pancreatic
duct and prevent inadvertent incorporation of the
duct with suture. After tying the sutures of the
posterior wall, the stump of the pancreas was
inverted into the stomach. The anterior side of the
anastomosis was completed by passing the sutures
that had already been placed through the full
thickness of the pancreatic wall into the anterior
seromuscular layer of the stomach. Methylene blue
was instilled into the nasogastric tube to check for
anastomotic leak (Fig. 4). The greater omentum was
mobilized from the transverse colon and sutured to
the stomach to enclose both anterior and posterior

aspects of the anastomosis. Finally, the procedure
was completed by performing an end-to-side hep-
aticojejunostomy, gastrojejunostomy, and also jeju-
nojejunostomy for avoiding the reflux of the bile to
stomach (Fig. 5).

Three abdominal drains were placed after the
operation. Two drains were placed at the anterior
side and posterior side of the pancreaticogastrosto-
my anastomosis. Last drain was placed around the
hepaticojejunostomy anastomosis.

Results

Thirty-nine patients underwent PG after PD during
the study period. There were 24 males (61.54%) and
15 females (38.64%) with a mean age of 59 years
(median, 59 years; range, 37–78 years). Body mass
index of the patients ranged from 19 to 28. Median
length of hospital stay was 11 days. The most
common indication for PD was the tumors of
pancreatic head (n ¼ 22). Other indications were
carcinoma of the ampulla of Vater (n ¼ 11),

Fig. 3 Sutures were passed from the anterior to the posterior

pancreatic wall.

Fig. 4 Anastomotic leak was tested intraoperatively by giving

methylene blue via the nasogastric tube.

Fig. 5 Final illustration of the anastomosis.
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carcinoma of the distal common bile duct (n ¼ 4),
and carcinoma of the duodenum (n ¼ 2; Table 1).

Standard PD was performed in 36 cases (92.3%)
and pylorus-preserving PD was performed in 3
cases (7.6%). Twenty-three patients had a firm
pancreatic texture and the remaining 16 had a soft
pancreatic texture. The mean diameter of the
pancreatic ducts was 3.8 mm (1–12.4 mm). There
was no intra-abdominal abundant bleeding intraop-
eratively. Mean abdominal drain amylase levels
were 80.4 U/L (22–365) on the first postoperative
day and 63.3 U/L (20–180) on the third postopera-
tive day. We did not observe any clinical evidence
for PF. There was no postoperative pancreatitis.
There were no mortalities.

Ten (25.6%) patients developed complications. Two
(5.1%) required reoperation. The first patient had an
uncontrolled leak from the gastrojejunostomy, which
was repaired with double-layer interrupted stitches.
The second patient had a pancreaticojejunostomy (PJ)
at another institution that leaked, and we performed a
PG. The patient developed an uncontrolled leak at
jejunojejunostomy, which required revision on the
fifth postoperative day. Both patients recovered
uneventfully. Another patient developed a low-
output (80 mL/d) leak from the hepaticojejunostomy
that was treated with percutaneous placement of an
external biliary drain by interventional radiology.
Delayed gastric emptying occurred in 4 patients, who
were treated with nasogastric tube decompression
and erythromycin. All 4 patients recovered without
further intervention. Two patients developed pneu-
monia that was treated with antibiotics. Superficial
wound infection occurred in 1 patient, treated by
bedside opening of the wound (Table 2).

Discussion

Pancreaticogastrostomy has been reintroduced re-
cently as a method for reconstruction of the
pancreas after PD with several advantages over
PJ.5,8 Pancreaticoenteric anastomosis is more vul-
nerable to disruption than anastomoses between
hollow viscera such as gastrojejunostomy, jejunoje-
junostomy, or colocolostomy. The management of
the pancreatic remnant after PD has been an area of
great concern for pancreatic surgeons, and numer-
ous techniques have been used to reduce PF. These
techniques include PJ, PG, end-to-end or end-to-side
anastomosis, invagination or duct-to-mucosa anas-
tomosis, the use of an isolated Roux-en-Y limb,
binding PJ, pancreatic duct stenting methods,
application of topical adhesives, and duct occlusion
without pancreaticoenteric anastomosis.

We performed our first PG in a patient who
developed peritonitis from a leak at the PJ after PD
at another institution. During the exploration, we
noted a leak from both PJ and hepaticojejunostomy
anastomoses. We drained approximately 1500 mL of
bilious, pancreatic fluid from the peritoneal space.
After revising the PJ to a PG, the patient recovered
uneventfully.

Our technique for performing the PG differs from
other centers.8–10,13 Unlike other techniques, we pass
full-thickness sutures through the pancreas from
both the anterior and posterior sides of the gland. In
addition, the greater omentum is mobilized from the
transverse colon and fixed to the stomach to enclose
the anastomosis completely. The anastomosis is
tested for leak by giving methylene blue via the
nasogastric tube. The patients who had an anasto-
motic leak intraoperatively were controlled with this
test. We repaired the anastomosis at the same time
during the operation for these patients and none of
them developed PF.

The leak rate after PG is quite low, ranging
between 0% and 13% in the literature.10–12,14,15

Marcus et al16 showed that the rate of PF was 36%
in high-risk patients with a small, fragile, soft
pancreas and a nondilated duct, compared with
only 2% in low-risk patients with a dense, fibrotic

Table 1 Demographics, fitness grade, and histopathologic features

Variable Patients (n ¼ 39)

Age, median (IQR) 59 (37–78)
Sex, F:M 15:24
Body mass index, median (IQR) 23 (19–28)
Length of hospital stay, day, median (IQR) 11 (8–22)
ASA fitness, n (%)
Grade I 5 (13)
Grade II 20 (51)
Grade III 12 (31)
Grade IV 2 (5)
Tumor location, n (%)
Pancreatic head 22 (57)
Ampulla 11 (28)
Distal bile duct 4 (10)
Duodenum 2 (5)

IQR, interquartile range; ASA, American Society of
Anesthesiologists.

Table 2 Complications

Complications, n (%) Patients, n (%)

Anastomotic leak 3 (7.6)
Delayed gastric emptying 4 (10.2)
Pneumonia 2 (5.1)
Wound infection 1 (2.5)
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pancreas. Particularly in cases with a normal, soft
pancreas, it is important to reconstruct the remnant
pancreas with a method with the lowest fistula rate.
In our study, the PF rate was 0%, even in patients
with a soft pancreas and nondilated pancreatic
ducts. Full-thickness sutures through both anterior
and posterior sides of the pancreas and omental
wrapping are unique modifications that may help to
prevent PF. External pancreatic duct stenting and
omental wrapping around the anastomosis may also
help to prevent PF.

In a recent study it was observed that pancreatic
duct diameter (, 3 mm) was associated with
postoperative PF.17 We measured the diameter of
the Wirsung duct on the CT scans, which were
obtained preoperatively. In our study, the mean
diameter of the pancreatic ducts was 3.8 mm. We
believe that pancreaticogastrostomy is the best
surgical technique for the reconstruction after
pancreaticoduodenectomy regardless of pancreatic
tissue texture and pancreatic duct diameter.

We did not measure intraoperative bleeding, as
we did not have abundant bleeding intraoperatively.
There were only 5 patients who needed blood
transfusion postoperatively. Mean transfusion vol-
ume was 2 units of erythrocyte suspension.

The main reason for removing the abdominal
drains postoperatively was the impairment of the
drained volume. Nevertheless, we removed the
abdominal drains when the amylase level of the
intra-abdominal fluid collection was below 3 times
lower than serum amylase level.

We diagnosed the postoperative PF by following
up the abdominal drains and also we searched the
radiologic evidence for postoperative PF for every
patient. And there was no evidence for postopera-
tive PF for any of our patients clinically even
radiologically, so we thought that there was no
grade B and C PF due to ISGPF.6 Also we would
never know if our patients developed grade A PF,
because all of them recovered well, though they did
not receive any specific therapy.

From these results, we recommend using PG to
reconstruct the pancreatic remnant regardless of
pancreatic tissue texture or pancreatic duct diame-
ter. Full-thickness sutures through both anterior and
posterior sides of the pancreas and omental wrap-
ping are unique modifications that may help to
prevent PF. The weakness of this study is that there
were a small amount of cases, though future studies
with larger numbers will help to clarify the
advantages of this technique.
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