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Abstract Pancreatic fistula still remains a persistent
problem after pancreaticoduodenectomy. We have devised
a pancreas-transfixing suture method of pancreaticoga-
strostomy with duct-to-mucosa anastomosis. This tech-
nique is simple and reduces the risk of pancreatic leakage
by decreasing the risk of suture injury of the pancreas and
by embedding the transected stump into the wall of the
stomach. This novel technique of pancreaticogastrostomy
is an effective reconstructive procedure following pan-
creaticoduodenectomy, especially for patients with a soft
and fragile pancreas.
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Introduction

We have used pancreaticogastrostomy without gastrot-
omy using a pancreatic duct-to-gastric mucosa anasto-
mosis since 1987 as a reconstruction method following
pancreaticoduodenectomy [1]. The pancreaticogastrosto-
my is not only safe but also good function as well as
pancreaticojejunostomy [2—4]. In general, soft pancreatic
tissue is one of the risk factors for pancreatic leakage.
Therefore, we have devised a pancreaticogastrostomy
which is a simple procedure and is safer particularly for
a normal soft pancreas [5-9]. In the current study, we
demonstrate the technique of pancreas-transfixing pan-
creaticogastrostomy in combination with duct-to-mucosa
anastomosis.

Methods
Procedures of pancreaticogastrostomy
Step 1

The pancreas is transected at the level of the portal vein
using an ultrasonically activated scalpel after tunneling the
body of the pancreas. The advantages of using the ultra-
sonically activated scalpel are: (1) simultaneous cutting
and hemostasis; and (2) sealing the small branches of the
pancreatic duct by denatured proteins [6]. Pressure on the
pancreas and closure of the pancreatic stump are not
necessary to control bleeding. Next, a pancreatic tube
(S.B. Medical, Tokyo, Japan) 60 cm long and 5-7.5 French
in diameter is inserted into the main pancreatic duct of the
remnant pancreas. At least 1 cm mobilization of the pan-
creas is necessary for anastomosis.
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Step 2

A 2-cm-long seromuscular incision is made in the posterior
wall of the stomach (Fig. 1a), followed by a stab incision
of 2-3 mm in the gastric mucosa. The needle of the pan-
creatic tube is then passed through both the anterior and
posterior walls of the stomach (Fig. 1b). The advantages of
using the pancreatic tube are: (1) it acts as a guide so that
the pancreaticogastrostomy can be performed more easily
and safely; and (2) it can be used as a lost stent or external
tube after the anastomosis.

Step 3: outer layer of sutures (pancreas-transfixing suture)

An end-to-side pancreaticogastric anastomosis is made in
two layers. The outer layer of sutures consists of 2-0 silk
placed by a curved 35-mm-long needle from the posterior
inferior wall to the superior wall of the stomach, then
passing from the anterior to the posterior surface of the
pancreas (Fig. 2a). The sutures on the stomach are placed
widely so that the pancreatic stump can be embedded into
the wall of the stomach at the seromuscular incision
(Fig. 2b). The sutures on the pancreas are placed 1 cm
away from the cut edge (Fig. 2a). Six to eight sutures are
generally used, although the number depends on the size of
the stump of the pancreatic remnant.

Step 4: inner layer of sutures (pancreatic duct-to-gastric
mucosa anastomosis)

The pancreatic duct is anastomosed to the gastric mucosa
with absorbable 4-0 interrupted sutures using four to eight
sutures, depending on the diameter of the duct of the
pancreatic remnant (Fig. 3a). We use suture holders or
mosquito clamps because these make it easier to perform
ligation of the duct-to-mucosa anastomosis in an orderly
way (Fig. 3b).

Fig. 1 Seromuscular incision in
the posterior wall of the
stomach and the use of the
pancreatic tube. a A 2 cm long
seromuscular incision is made
in the posterior wall of the
stomach exposing the gastric
mucosa. b The needle of the
pancreatic tube is then passed
both anterior and posterior walls
of the stomach through the
seromuscular stab incision
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Step 5: ligations of outer and inner layers of sutures

After the ligations of duct-to-mucosa anastomosis of the
inner layer are completed, the pancreas-transfixing sutures
of the outer layer are tied. Then, the pancreaticogastric
anastomosis is complete (Fig. 3c). Each ligation should be
carefully performed because the normal pancreas is soft
and fragile.

Step 6: completion of pancreaticogastrostomy

A pancreatic tube of approximately 3 cm in length is cut
for use as an internal stent. The anterior wall of the
stomach is closed using an absorbable 4-0 interrupted
suture and the pancreaticogastric anastomosis is complete.
Finally, two silicon closed drains are placed in the foramen
of Winslow and Morison’s pouch. In addition, we recom-
mend that these drains should be pulled out in five post-
operative days.

Results

A total of 205 consecutive patients underwent pancreati-
coduodenectomy with pancreaticogastrostomy. They were
128 males and 77 females, with a mean age of 66 years. Of
the 205 study patients, 137 patients (67%) had a soft
pancreas, 48 (23%) had pancreatic tissue of intermediate
texture and the remaining 20 (10%) had a hard or firm
pancreas.

There were no operative or hospital death. Postoperative
complications occurred in 38 patients (19%). The most
common complication was delayed gastric emptying
(Grade B/C) in 15 patients (7%). Pancreatic leak (Grade
B/C) occurred in 4 patients (2%) with a soft thin pancreas.
These pancreatic leaks were managed nonoperatively by
maintaining the closed drains. No pancreatic leak occurred
in patients with intermediate texture or hard pancreas.
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a Posterior gastric wall

Transfixing sutures
of outer layer

Fig. 2 Transfixing suture between the posterior gastric wall and the
remnant pancreas. a The outer sutures (with 2-0 silk) are placed with
a curved 35 mm long needle from the posterior inferior wall to the
posterior superior wall of the stomach, and then passed through the
anterior and posterior surface of the remnant pancreas. The sutures on

Fig. 3 Procedures of
pancreas-transfixing
pancreaticogastrostomy. a After
the transfixing sutures of the
outer layer, the pancreatic duct
is anastomosed to the gastric
mucosa with absorbable 4-0
interrupted stitch; four to eight
sutures are generally used,
based on the diameter of the
duct. b Suture holders facilitate
the ligation of the inner layer
sutures. ¢ After the duct-to-
mucosa anastomosis, the outer
layer sutures are tied and the
pancreaticogastrostomy is
complete

Transfixing sutures of outer layer

Discussion

The reconstructive procedures of the remnant pancreas are
classified into pancreaticojejunostomy and pancreaticoga-
strostomy. It is important for surgeons to have multiple
options for reconstruction of the remnant pancreas.
Although the differences between pancreaticojejunostomy
and pancreaticogastrostomy have been discussed for many
years, it is now thought that the pancreaticogastrostomy is
the safer method for the prevention of pancreatic fistula
[10-13].

b Pancreatic tube

the stomach are placed widely so that end of the pancreatic stump can
be embedded within the seromuscular incision. The sutures on the
pancreas are placed 1 cm away from the cut edge. b A vertical section
of pancreaticogastrostomy is shown. Any space between the posterior
gastric wall and the pancreatic stump is minimized

Duct-to-mucosa
— anastomosis of
inner layer

In the history of pancreaticogastrostomy, Tripodi [14]
performed a pancreaticogastrostomy in a dog for the first time
in 1934 and reported the long-term secretion of pancreatic
juice. Waugh performed the first pancreaticogastrostomy on a
human in 1944 [15]. Since this report, Mackie reported 25
pancreaticogastrostomies in 1975 [16], and Flautner [17]
reported 37 pancreaticogastrostomies for pylorus-preserving
pancreaticoduodenectomy in 1985. In Japan, Watanabe first
reported a case of pancreaticogastrostomy in 1985 [18],
Takada [19] performed pylorus-preserving pancreaticoduo-
denectomy with pancreaticogastrostomy for the first time in
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1987, Miyagawa [10] published the first English-language
report of pancreaticogastrostomy in 1992 and Takao [1]
reported a modified pancreaticogastrostomy with pancreatic
duct-to-gastric mucosa anastomosis in 1993. To date,
approximately 3,800 pancreaticogastrostomies have been
reported. Importantly, the rate of pancreatic fistula occurrence
is 0—14% and the operative mortality rate is 0—4.9%. In our
experience, the incidence of pancreatic leaks and the opera-
tive mortality were 2 and 0%, respectively.

The merits of a pancreas-transfixing method with duct-
to-mucosa anastomosis are: (1) it can be carried out safely
on the normal pancreas because it is a simple technique, (2)
the stomach is the organ targeted for anastomosis because
it is not usually affected by unstable metabolism and/or
organ edema by the extended operation, (3) there is no
leakage of the gastric juice because there is no incision
through all stomach layers, (4) most cases with leakage of
pancreatic juice are cured spontaneously in a short time
because pancreatic juice mixed with gastric juice has a
lower digestive activity than pancreatic juice mixed with
intestinal juice. On the other hand, a disadvantage of this
method is that the stomach and pancreas are located ana-
tomically such that securing a good field of vision is
slightly difficult.

With regard to the long-term pancreatic function of
patients who have undergone pancreaticoduodenectomy
with pancreaticogastrostomy, we have had no serious
complications so far. The cumulative patency rate of pan-
creato-gastric anastomosis was high and the incidence of
postoperative diabetes mellitus was low in our series.
These results suggest that the new pancreaticogastrostomy
can provide excellent long-term pancreatic function after
pancreaticoduodenectomy.

In conclusion, transfixing pancreaticogastrostomy in
combination with duct-to-mucosa anastomosis using an
internal stent is technically easy to perform and possesses
several advantages. Therefore, this method is an effective
reconstructive procedure for a soft and fragile pancreas
following pancreaticoduodenectomy.
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