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Abstract The history of pancreaticojejunostomy in pancreati-
coduodenectomy is described. Many types of operations have
been devised in search of a more reliable method of anasto-
mosis. To perform a safe and reliable pancreaticoenteric anas-
tomosis it is necessary to understand the organ characteristics
of the pancreas. We investigated factors required for a reliable
pancreaticojejunostomy and devised a new surgical technique
that meets those requirements. We introduce the theoretical
substantiation and clinical usefulness of our new surgical tech-
nique while reviewing the history of pancreaticojejunostomy
after pancreaticoduodenectomy. The unique aspect of our
method is approximation of the pancreas stump and jejunal
wall by six to eight interrupted sutures. It is speculated that
too many sutures and tying too tight in the anastomosis may
cause ischemia and necrosis of the pancreatic stump by re-
stricting the tissue blood flow. Our method allows us not only
to reduce the number of sutures, but also to avoid some of the
complicated manipulations done in any other existing meth-
ods. The newly devised pancreaticojejunostomy is an excel-
lent surgical technique with anastomotic failure seen in only
two patients and no deaths out of 162 consecutive patients.
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Introduction

About 57 years have passed since Cattell and Whipple,!
in 1943, introduced a pancreaticoenteric anastomosis
for reconstruction in pancreaticoduodenectomy. The
history of pancreatic surgery, in particular, pancreatico-
jejunostomy, has always involved a struggle against
complications.? Among the complications of the
pancreaticojejunostomy, anastomotic failure is some-
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times fatal. To prevent this failure, many types of opera-
tions have been devised in the search for a more reliable
method of anastomosis. With improvements in surgical
materials and postoperative management, pancreatico-
jejunostomy has recently come to be performed more
reliably than before. In reality, however, it can be per-
formed only by extremely skilled hands in most centers,
and a certain fixed rate of complications is considered
unavoidable (Table 1).>7 As such, further improve-
ments in the type of operation are still needed.

We investigated factors required for a reliable
pancreaticojejunostomy and devised a new surgical
technique that meets these requirements.® We have
been using this technique, which can be performed very
reliably with few complications, in clinical practice since
1990. In this article, we introduce the theoretical under-
pinning and clinical usefulness of our new surgical
technique, while looking back on the history of pan-
creaticojejunostomy after pancreaticoduodenectomy.
We also review the background and characteristics of
the main types of pancreaticojejunostomies currently
in common use.

History of pancreaticojejunostomy in
pancreaticoduodenectomy

Attempts to partially excise the pancreas and duode-
num were started about 102 years ago. It is Codivilla
(1898) who has been credited by many anthors as the
pioneer of that procedure.’ For patients with carcinoma
of the head of the pancreas, he performed partial resec-
tion of the head of the pancreas, pylorus ring, and
duodenum. The common bile duct was dissected at the
upper margin of the pancreas and the stump was
sutured. Cholecystojejunostomy and gastrojejunostomy
were performed for reconstruction, but the cut surface
of the pancreas was closed only by suture, and
pancreaticoenteric anastomosis was not performed.
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Table 1. Pancreatic anastomotic leak in pancreaticoduodenectomy reported in recent

years
Author Incidence (%) No. of patients Country (Year)
Cullen et al.3 17.6 66/375 United States (1994)
Howard* 33 5/152 United States (1997)
Chew and Attiyeh? 34 1/29 United States (1997)
Yeo et al.® 14.0 91/650 United States (1997)
Carrabetta et al.’ 22.1 33/149 Italy (1998)

In 1899, Halsted!? excised periampullary pancreatic
tissues transduodenally, with partial resection of the
duodenal wall, in a 60-year-old woman with carcinoma
of the ampulla. The common bile duct and the pancre-
atic duct were reimplanted into the posterior wall of the
duodenum (Fig. 1). The patient survived for 7 months
after surgery without any major postoperative compli-
cations. Since the performance of this successful surgery
by Halsted, transduodenal resection of the pancreas
for carcinoma of the ampulla has been performed by
many surgeons," including Riedel (1899), Mayo (1900),
Mayo-Robson (1900),"> Czerny (1901), and Koerte
(1904). However, pancreaticoduodenectomy for carci-
noma of the head of the pancreas, as performed by
Codivilla,"® was not widely used.

In 1907, Desjardins'* performed a complete pancrea-
ticoduodenectomy in a human cadaver. The head of the
pancreas and second portion of the duodenum were
resected, and the raised jejunum was anastomosed with
the common bile duct and the pancreatic duct. He de-
vised a technique in which the Button of Boari was used
to bridge the pancreatic duct and the jejunal wall in the
anastomosis of the pancreatic duct and the jejunum. In
1909, Coffey'’ conducted a study in human cadavers and
dogs, and advocated a technique for pancreaticoenteric
anastomosis in which a jejunal loop was made and the
pancreatic stump was implanted into the jejunal loop
(Fig. 2).

Fig. 1. Transduodenal cautery excision of
carcinoma of the ampulla by Halsted
(1899).1 The common bile duct and
pancreatic duct were reimplanted into the
posterior wall of the duodenum

Fig. 2. Coffey’s (1909)" pancreaticojejunostomy. A jejunal
loop was made and the pancreatic stump was implanted into
the jejunal loop

Despite such basic research on pancreaticoenteric
anastomosis, pancreaticoenteric anastomosis was not
applied immediately to clinical practice. In 1912,
Kausch!'® performed a partial pancreaticoduodenec-
tomy, utilizing a two-stage operation, in a 49-year-old
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man with carcinoma of the ampulla of Vater, and im-
planted the pancreatic stump into the duodenal stump.
In the partial pancreaticoduodenectomies reported
thereafter by Hirschel (1914)"7 and Tenani (1922),'*
however, the cut surface of the pancreas was closed with
sutures, and pancreaticoenteric anastomosis was not
employed.

In 1935, Whipple, Parsons, and Mullins”® reported
the results of their three patients with a pancrea-
ticoduodenectomy.” This operation consisted of resec-
tion of the second and third portions of the duodenum,
along with a wedge of pancreatic tissue surrounding the
tumor. Their first patient had carcinoma of the ampulla
of Vater with obstructive jaundice, and underwent a
two-stage operation. Cholecystojejunostomy and gas-
trojejunostomy were performed as the first operation,
and, 2 weeks later, pancreaticoduodenectomy was per-
formed as the second operation. The cut surface of the
pancreas was then closed with sutures. No pancreati-
coenteric anastomosis was performed, the reasons given
being that: (1) when the pancreas is anastomosed with
the intestinal tract, pancreatic enzyme is activated,
which is sure to cause an anastomotic failure; (2) one
can live without pancreatic juice; and (3) even when an
anastomosis is made, it is obstructed sooner or later.

In 1943, however, Cattell'! stated that pancrea-
ticoenteric anastomosis was indispensable, maintaining
that the leakage of pancreatic juice accounted for many
postoperative complications and deaths in patients with
pancreaticoduodenectomy. That is, he proposed that
the leakage should be prevented by performing
pancreaticoenteric anastomosis, because ligation of the
main pancreatic duct caused pancreatic juice to leak
from the cut surface of the pancreas. For prevention of
the leakage of pancreatic juice, Child,* in 1941, had
already attempted to invaginate the pancreatic stump
into the jejunal stump (Fig. 3). Cattell' recommended
a direct anastomosis of the pancreatic duct and the
jejunum in patients in whom the main pancreatic duct
had a sufficient diameter. If the pancreatic duct was
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Fig. 3. End-to-end pancreaticojejunos-
tomy by Child (1941).* The pancreatic
stump is invaginated into the jejunal stump

small in diameter, he recommended the use of a
“necrosing suture”, whereby the pancreatic duct was
ligated and the cut surface of the pancreas was covered
with the jejunal wall (Fig. 4).

In 1946, Whipple?! also introduced pancreaticoje-
junostomy, and completed the one-stage reconstruction
that is, today, called Whipple’s method. The pancreati-
cojejunostomy then used was a method in which a short
rubber tube inserted into the pancreatic duct was placed
into the jejunal wall, fixing the pancreatic parenchyma
to the jejunum by ligation. This is almost the same as
the pancreaticojejunostomy, using a tube, reported by
Varco? in 1945 (Fig. 5), and it may correspond to the
tube pancreaticojejunostomy and pancreatic juice
drainage by a pancreatic tube as used today. Many types
of operations have been devised since that time,
although most of them are variations of the ideas of
Whipple, Child, and Cattell.

Pancreaticojejunostomies currently in use and
their characteristics

Pancreaticoenteric anastomoses currently in wide use
employ combinations of various surgical techniques,
depending on the site of anastomosis, the direction of
anastomosis, and method of suturing. Generally, how-
ever, the types of pancreaticoenteric anastomoses can
be divided into the end-to-end anastomosis (so-called
invaginating end-to-end pancreaticojejunostomy) and
the end-to-side anastomosis, when viewed from the
direction of the anastomosis of the pancreas and intesti-
nal tract.

The methods of suturing used in most types of opera-
tion are the one-layer suture, in which the pancreatic
parenchyma and the intestinal wall are sutured around
the cut surface of the pancreas; or the two-layer suture,
in which the pancreas and the intestinal wall are sutured
a second time to cover the one-layer-suture. These
types of operation are all widely recognized, but it is
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Fig. 4. In patients in whom the pancreatic duct was small in diameter, Cattell (1943)! recommended the use of a “necrosing
suture”. The pancreatic duct was ligated and the cut surface of the pancreas was covered with the jejunal wall

Fig. 5. Varco (1945)> implanted the pancreatic duct into the jejunal wall, using a two-hole catheter

necessary to understand the advantages and disadvan-
tages of each type of operation.

Invaginating end-to-end pancreaticojejunostomy is
based on the type of operation used by Child.? This is a
method whereby the pancreatic stump is introduced
into the open end of the jejunum. As an advantage of
this method, pancreatic juice from the main pancreatic
duct and pancreatic stump is drained completely into
the intestinal tract. On the other hand, the method is
time-consuming, and sometimes disturbs the blood flow
in the pancreatic stump, because the anterior and poste-
rior walls of the pancreas are densely sutured in a circle.
Once the anastomosis is broken, the contents of the

intestinal tract leak into the abdominal cavity, and
this may sometimes cause serious problems.

In contrast, the end-to-side anastomosis is the one
that was used by Cattell,® Cattell and Pyrtek,* and
Whipple,?' in which the cut surface of the pancreas is
covered with the wall of the small intestine to prevent
the leakage of pancreatic juice. It is fundamentally dif-
ferent from the invaginating end-to-end pancreatico-
jejunostomy used by Child.?’ In an anastomosis between
the pancreatic stump and the intestinal wall, the ante-
rior and posterior walls of the pancreas are often su-
tured in a circular manner in two layers. However, the
method is as time-consuming as the invaginating end-
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to-end pancreaticojejunostomy, and is likely to reduce
the blood flow at the cut surface of the pancreas. More-
over, it is possible that a dead space could be made
between the cut surface of the pancreas and the intesti-
nal wall, with retention of effusions from the cut surface
of the pancreatic stump, leading to postoperative
pancreatitis and breakdown of the pancreaticoenteric
anastomosis.

In regard to the long-term patency of the pancreatic
duct, Greene et al.,” in animal experiments, compared
the patency rates in the invaginating end-to-end
pancreaticojejunostomy with those in the end-to-side
pancreaticojejunostomy with duct-to-mucosa anasto-
mosis. They reported that, 8 weeks after surgery, the
pancreatic duct had closed completely in half of the
animals with the invaginating end-to-end pancreaticoje-
junostomy, whereas it was patent in all the animals
with the duct-to-mucosa anastomosis of the end-to-side
pancreaticojejunostomy. Thus, they recommended the
end-to-side pancreaticojejunostomy combined with the
duct-to-mucosa anastomosis.

Characteristics of the pancreas as an organ, and ideal
conditions for pancreaticoenteric anastomosis

In devising a more reliable pancreaticoenteric anasto-
mosis and in performing the operation, it is important
to fully understand the characteristics of the pancreas
as an organ. Yonekawa? performed pancreaticoenteric
anastomoses by different methods in dogs, and experi-
mentally studied approximation of the pancreatic stump
and intestinal wall, as well as the characteristics of the
pancreas. He found that: (1) the animals with complete
drainage of pancreatic juice by a pancreatic tube had
a lower incidence of anastomotic failure, (2) poor ap-
proximation between the pancreatic stump and the in-
testinal wall caused retention of effusions, and (3) when
the pancreatic stump was clamped with forceps or con-
tracted with sutures, this caused impaired circulation
in the stump.

The normal pancreatic parenchyma is soft and frag-
ile,” and if ligated tightly, the pancreas sometimes tears
or the blood flow at the pancreatic stump is reduced. If
the cut surface of the pancreas is treated inadequately
and ductules are exposed, leakage of pancreatic juice
occurs readily in such areas. Furthermore, pancreatic
juice has a potent proteolytic action. Reduced blood
flow in the pancreatic stump causes autolysis, and, with
the leakage of pancreatic juice, disintegration of the
surrounding organs occurs, which is likely to result in
serious problems.?

On the basis of these findings, we defined four
necessary conditions for an ideal pancreaticoenteric
anastomosis: (1) maintaining the blood flow in the
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Fig. 6. Reconstruction in pancreaticoduodenectomy is basi-
cally done according to a modification of the method de-
scribed by Child.? A parencreatic drainage tube is guided
outside the body transhepatically via the choledochojejunal
anastomosis. A retrograde transhepatic biliary drainage tube
is, likewise, guided outside the body transhepatically

pancreatic stump, (2) ensuring fixation of the intestinal
tract and the cut surface of the pancreas, (3) ensuring
complete coverage of the cut surface of the pancreas,
and (4) ensuring complete drainage of pancreatic juice.

Surgical technique of our new pancreaticojejunostomy

Reconstruction in pancreaticoduodenectomy is done
according to a modification of the method described by
Child® (Fig. 6). A pancreatic drainage tube inserted
into the pancreatic duct is guided outside the body
transhepatically via the choledochojejunal anastomosis.
For drainage of bile, a retrograde transhepatic biliary
drainage (RTBD) tube is, likewise, guided outside the
body transhepatically.

We devised a pancreaticojejunostomy of our own
that meets the above-mentioned conditions.® The out-
line of the procedure for our pancreaticojejunal anasto-
mosis is as follows: (1) insertion of a pancreatic tube, (2)
fixation of the pancreatic duct and jejunal mucosa with
sutures, and (3) approximation of the pancreas and the
jejunal wall with penetrating sutures. This method is far
simpler to perform than other existing methods.
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Insertion of drainage tube into the main duct of
the pancreas

In dissecting the pancreas, the parenchymal tissue of the
pancreas is carefully divided, little-by-little, using the
back of a scalpel, until the main pancreatic duct be-
comes visible. The main pancreatic duct is then isolated
at a sufficient distance. After a small incision is made, a
commercially available drainage tube is inserted into
the pancreatic duct (Fig. 7a). Then the pancreatic duct is
circumferentially ligated with an absorbable tie for fixa-
tion of the pancreatic tube (Fig. 7b). The cut surface of
the pancreas is not closed with sutures. Any bleeding
is controlled with either electrocautery or sutures.

Fixation of pancreatic duct and jejunal mucosa
with sutures

The pancreas is anastomosed to the side wall of the
raised jejunum. First, a pancreatic drainage tube is

235

Fig. 7a,b. A more reliable technique
for pancreaticoduodenectomy. a The
first step begins with the isolation of
the parencreatic duct by generously di-
viding the pancreatic parenchyma. b
A pancreatic drainage tube is inserted
through the incision into the pancreatic
duct and tied firmly

Fig. 8a,b. A more reliable technique of
pancreaticoduodenectomy. a Direct
anastomosis between the jejunal wall
and the pancreatic duct is achieved
with a monofilament suture. b Ap-
proximation of the pancreas stump and
jejunal wall. The sutures are inserted
onto the anterior wall of the pancreas,
and are introduced straight through
the pancreatic parenchyma to the pos-
terior wall. The sutures then lift the
seromuscular layer of the jejunum in
the posterior-to-anterior direction

placed into the jejunal wall. Then the pancreatic duct
and the jejunal mucosa are fixed with absorbable 5-0
sutures (Fig. 8a). Three to four needles are placed
between the end of the pancreatic duct and the mucosa
of the jejunum. The purpose of this suture is to secure
the pancreatic duct being placed into the jejunal wall.

Approximation of the pancreatic stump and jejunal
wall with sutures

This step is the unique aspect of this method. The stump
of the pancreas and the jejunal wall are usually approxi-
mated in one layer with six to eight interrupted sutures
(3-0 nonabsorbable monofilament suture). The sutures
are inserted onto the anterior wall approximately Smm
distal to the cut edge of the pancreas, and are intro-
duced straight through the pancreatic parenchyma to
the posterior wall. The sutures then lift the seromuscu-
lar layer of the jejunum, in the posterior-to-anterior
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Fig. 9. A longitudinal section through the pancreatic duct
shows that the jejunal wall fully covers the cut surface of the
pancreas; thus, leaving no dead space between the wall and
the pancreas

direction, widely enough to cover the cut surface of the
pancreas (Fig. 8b). Care should be taken that the jejunal
wall completely covers the edge of the cut surface of the
pancreas (Fig. 9).

It is speculated that the use of too many sutures and
tying them too tightly in the anastomosis may cause
ischemia and necrosis of the pancreatic stump by re-
stricting the tissue blood flow, thus leading to eventual
anastomotic failure. Care should therefore be taken not
to ligate the pancreaticojejunal anastomosis too tightly.
Our method allows us not only to reduce the number
of sutures but also to avoid some of the complicated
manipulations done in any other existing methods.

Clinical observations

At our department, we have performed this new
pancreaticojejunostomy in 162 consecutive patients
(127 with a malignant neoplasm, and 35 with benign
disease.) from 1990 to the present. Because this proce-
dure is so simple technically, it could be mastered within
a short time by any surgeon. Furthermore, it is appli-
cable to any condition of the pancreas, from normal to
chronic inflammation.

In regard to early postoperative complications, de-
layed gastric emptying was observed in 42 (25.9%) pa-
tients, and 5 (3.0%) patients developed marginal ulcer
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after the operation. Of these 5 patients, 1 patient with
ulceration on the jejunal side of the duodenojejunal
anastomosis and with giant gastric ulcer required total
gastrectomy.

Intra-abdominal bleeding and pancreatic fistula were
also observed, in five (3.0%) and two (1.2%) patients,
respectively. One patient with bleeding from the middle
colic artery died of multiple organ failure after massive
bleeding. Two of the four patients with bleeding from
the gastroduodenal artery stump or hepatic artery sur-
vived selective embolization of the common hepatic ar-
tery. The remaining two patients died of uncontrollable
bleeding and hepatic failure.

Pancreatic fistula was defined as high amylase content
(more than 5000 units/l) in the fluid collected from the
drain placed at the site of the pancreaticoenteric anasto-
mosis, and/or anastomotic breakdown demonstrated
radiographically. In two patients (1.2%), the drainage
fluid from the peripancreatic drain showed an amylase
level of more than 5000 units/l. However, no evident
leakage of the pancreaticoenteric anastomosis was
found radiographically, nor were there any deaths
caused by complications of the pancreaticoenteric
anastomosis. No serious complications related to the
pancreaticoenteric anastomosis have been encountered
to date.

It is likely that, in these two patients with pancreatic
fistula, the cut surface of the pancreas was not suffi-
ciently covered with the wall of the jejunum, leading to
the leakage of a small amount of pancreatic juice from
the ductules at the stump. Alternatively, it is possible
that the blood flow in the pancreatic stump may have
been restricted because of too-tight ligations, resulting
in necrosis of the pancreatic tissues and the ensuing
leakage of pancreatic juice. We emphasize again that
covering the pancreas stump sufficiently with the
intestinal wall, handling the pancreas gently and pro-
tectively, and not ligating the pancreaticojejunal anasto-
mosis too tightly are the keys to a successful
pancreaticojejunostomy.

One hundred and four patients were followed-up for
more than 1 year after surgery. The median postopera-
tive follow-up was 28 months. Pancreatic duct patency
was confirmed in 44 patients by magnetic resonance
cholangiopancreatography. Of the remaining 60 pa-
tients, 10 patients had dilatation of the distal pancreatic
duct, with a marked decline in pancreatic exocrine and
endocrine functions, while the other 50 patients have
preserved these pancreatic functions.

Summary

We here describe the history of pancreaticojejunostomy
in pancreaticoduodenectomy along with a newly de-
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vised anastomotic technique by us. To perform a safe
and reliable pancreaticoenteric anastomosis, it is neces-
sary to understand the characteristics of the pancreas as
an organ. The newly devised pancreaticojejunostomy is
an excellent surgical technique, with anastomotic fail-
ure seen in only 2 and no deaths of 162 consecutive
patients.
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