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10.1 Introduction
In the early years of pancreatic surgery, PD was
associated with a high rate of mortality. However,
with the effort of many surgeons working to
improve the operative technique, in addition to
advances in postoperative care, there has been a
marked improvement in patient outcomes—with
a typical perioperative mortality rate in high-
volume centers of less than 2% [1].
Developments in the treatment of pancreatic
disorders began as early as 1898, when Alessandro
Codivilla, an Italian surgeon, performed the first
partial resection of the pancreas, duodenum,
stomach, and bile duct for treatment of carci-
noma of the pancreas. Unfortunately, Codivilla’s
patient died from cachexia resulting from steator-
rhea 18 days post-op [2]. It was not until 1912
when Walther Kausch, a German surgeon in
Berlin, successfully performed a resection of the
pancreas, in addition to a partial resection of the
duodenum [3]. Like many surgeons operating at
the beginning of the twentieth century, Kausch
believed that the duodenum was vital for patient
survival, and therefore his procedure did not
include a complete duodenectomy. However, in
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1918 Dragstedt et al. [4] disproved this miscon-
ception, demonstrating that dogs could survive
following a duodenal resection, thereby setting
the stage for Allen Oldfather Whipple to perform
the first reported total duodenectomy in 1935 [5].

Building upon the findings of Kausch,
Dragstedt, and others, Whipple and his resident
John Hawk conducted a series of experiments on
dogs, which allowed them to conclude that reim-
plantation rather than ligation of the pancreatic
duct was an important step in reconstruction and
could reduce the incidence of pancreatic fistula
formation. Additionally, their experimental PJ
showed that the connection between the epithe-
lium of the pancreatic duct and the mucosa of the
jejunum could heal within a 24-h period [1].

It was in 1935 that Whipple first published a
report of three patients who underwent a two-
stage procedure at Columbia-Presbyterian
Hospital in New York [5]. The operation included
the complete resection of the duodenum and a
large portion of the pancreas. Unfortunately one
of the patients died within 30 h of the procedure
due to problems with anastomotic breakdown.
The second and third survived for 9 and 24
months when they died of cholangitis and liver
metastasis, respectively.

In 1946, Whipple published a second report,
which addressed his 10-year experience in radi-
cal pancreatic and duodenal resection, and sug-
gested changes to his original report [6]. This
publication advocated for a one-stage procedure,
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following the discovery that vitamin K could
correct the hypocoagulability associated with
malabsorption of fat-soluble vitamins secondary
to chronic biliary obstruction. It was in this sec-
ond report that Whipple emphasized three central
aspects of the operation: (1) the complete resec-
tion of the head of the pancreas and duodenum,
(2) anastomosis of the pancreatic duct to a jejunal
loop, and (3) a choledochoenterostomy in place
of a cholecystoenterostomy. Aside from one sig-
nificant variation that was described by Traverso
and Longmire in 1978—the pylorus-preserving
modification (PPPD) [7]—the current PD differs
relatively little from the procedure described by
Whipple in 1946.

The two most common PJ techniques cur-
rently in practice around the world are the invagi-
nated and the duct-to-mucosa anastomoses. An
advantage of the invaginated technique over the
duct-to-mucosa is that the cut edges of the pan-
creas are invaginated or “dunked” into the jejunal
lumen. This allows for the apposition of the pan-
creatic capsule to the jejunal serosa. Additionally,
the technique can be applied even in a patient
with a very small pancreatic duct [8] or a soft
pancreatic texture [9]. However, despite its
advantages, “dunking” requires the entire cut sur-
face of the pancreas to be exposed to bile-
activated pancreatic juice, which has the potential
to lead to anastomotic breakdown [10]. The duct-
to-mucosa technique does not require a large
jejunotomy to facilitate pancreatic invagination.
However, it can be difficult to perform in a patient
with a small pancreatic duct and may leave the
patient with an anastomosis that is prone to
obstruction [10].

A number of prospective, randomized con-
trolled trials have been conducted to attempt to
compare the invaginated and duct-to-mucosa
techniques (Table 10.1). The most recent study
was performed by Xu et al. in Shanghai, China,
in 2015 [10]. The primary variable under consid-
eration was the occurrence of postoperative pan-
creatic fistula (POPF)—as defined by the
International Study Group on Pancreatic Fistula
(ISGPF). Although the Xu et al. study observed a
slight superiority for the invaginated PJ tech-
nique, the authors emphasize that the risk of

POPF remains multifactorial. The patient’s BMI,
the experience of the surgeon, operating time,
and the texture of the pancreas are but some of
the variables affecting patient outcomes. The
most significant results favoring the invaginated
technique were for patients with soft pancreas
texture and a non-dilated main pancreatic duct,
showing a POPF rate of 9.6% for the “dunking”
technique in contrast to 27.3% for the duct-to-
mucosa technique (p = 0.001) [10]. This finding
is consistent with a dual-institutional prospective
randomized controlled trial reported in 2009 by
Berger et al. at Thomas Jefferson University and
Indiana University, which showed a 12% POPF
rate for the invaginated technique vs. a 24% rate
(p = 0.04) for the duct-to-mucosa group [11]. A
prospective randomized trial by Bassi et al. in
2003 showed no statistically significant differ-
ences between the two methods in patients with a
soft pancreatic texture—with a 15% POPF rate
for the invaginated approach and a 13% POPF
rate for the duct-to-mucosa technique [13].
Despite these findings, the most important fac-
tors in anastomotic success are generally consid-
ered to be the proficiency and experience of the
surgeon for the given technique that they favor.

10.2 Technique for
Pancreaticoduodenectomy
(PD): Resectional Phase
[14,15]

1. The operation is conducted with the patient in
the supine position. Following abdominal
exploration, a cholecystectomy is performed
using the “dome down” technique, and the
cystic duct and artery are ligated. The Kocher
maneuver is then executed to release the duo-
denum from its retroperitoneal attachments
and mobilize the pancreatic head, leaving the
exposed tumor accessible for palpation.
Dissection is then carried out within the gas-
trohepatic ligament. The common hepatic
duct is encircled and transected. The gastro-
duodenal artery (GDA) is test clamped to
ensure adequate proper hepatic artery flow
before the vessel is controlled with 2-0 silk
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Table 10.1 Prospective, randomized controlled trials comparing the invaginated PJ to the duct-to-mucosa technique

Incidence of POPF
Grade (when provided)

Author/year Number of points Total: 14 (9%) Total: 31 (20%)
Xu et al. (2015) [10] N =308
Study: October 2012-June | = 155: invaginated (104 = soft/non-dilated | Grade A: 13* Grade A: 18
2014 duct 51 = hard/dilated duct)

N = 153: duct-to-mucosa (95 = soft/ Grade B/C: 1* Grade B/C: 13*

non-dilated duct 58 = hard/dilated duct)

Berger et al. (2009) [11] N=197

Total: 12 (12%) | Total: 23 (24%)

Study: August 2006-May | N = 100 (51%) invaginated

Grade A: 5 (5%) | Grade A: 6 (6%)

2008 N =97 (49%) duct-to-mucosa Grade B: 5 (5%) | Grade B: 14 (14%)
Grade C: 2 (2%) | Grade C: 3 (3%)

#Langrehr et al. (2005) N=113 2 (3.5%) 2 (3.6%)

[12] N = 57: invaginated/mattress suture technique

]S)t;i};liglryzéz?_ N = 56: duct-to-mucosa/Cattell anastomosis

Bassi et al. (2003) [13] N=144 11 (15%) 9 (13%)

Study: 1999-2001 N = 72: invaginated

N = 72: duct-to-mucosa

Key: *p <0.05; *funderpowered study—no p-values provided

ties and a 3-0 silk suture ligature. The duode-
num is transected 2-3 cm below the pylorus
with a stapler. A Penrose drain is passed
underneath the pancreatic neck overlying the
superior mesenteric vein (SMV). This allows
for safe transection of the pancreatic neck
with electrocautery.

2. Using the base of the transverse mesocolon as an
anatomic landmark, the ligament of Treitz is
exposed and lysed. At a distance of 15-20 cm
distal to the ligament, the jejunum is divided
using a stapler, and the distal jejunal staple line is
imbricated with 3-0 silk Lembert sutures. The
proximal jejunum is then divided from its mes-
entery and moved to the right side of the surgical
field by passing it under the base of the mesoco-
lon and the superior mesenteric vessels. Working
along the lateral border of the superior mesen-
teric artery (SMA) and SMYV, the retroperitoneal
margin of the uncinate process is dissected out,
and all pancreatic tissue adjacent to the artery is
separated from the perivascular plane. The spec-
imen is removed and a hemostatic agent is
applied to the retroperitoneal margin to promote
clotting. A series of interrupted 3-0 silk sutures
is used to close the defect previously created at

the ligament of Treitz, with care taken not to
injure the inferior mesenteric vein (IMV).

10.3 Technique

for the Invaginated PJ [14, 15]

1. Just to the right of the middle colic vessels, a

defect is introduced into the transverse meso-
colon, and the proximal jejunum is carried
through this defect.

. The pancreatic remnant is mobilized for a dis-

tance of 2-3 cm from the underlying splenic
vein (Fig. 10.1).

10.4 Posterior Outer Row of PJ

[14,15]

1. The PJ is constructed end-to-side, with an inter-

rupted posterior outer row of 3-0 silk mattress
sutures placed between the posterior aspect of
the pancreatic remnant and the jejunum. In a
patient with a characteristic “soft” pancreas, we
find that the sutures hold best when placed in a
horizontal mattress fashion (Fig. 10.2).
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Fig. 10.1 The
pancreatic remnant is
mobilized for a distance
of 2-3cm from the
underlying splenic vein

Fig.10.2 The PJ is
constructed end-to-side,
with an interrupted
posterior outer row of
3-0 silk sutures placed
between the posterior
aspect of the pancreatic
remnant and the
jejunum. In a patient
with a characteristic
“soft” pancreas, we find
that the sutures hold best
when placed in a
horizontal mattress
fashion

2. Once the sutures are secured and tied down
(Fig. 10.3), electrocautery is used to perform
the jejunotomy, and a vein retractor is used to
expose the jejunal mucosa.

3. Care should be taken to ensure that the jeju-
notomy is shorter than the width of the cut sur-
face of the pancreas, as the small bowel will
stretch during construction of the anastomosis.

10.5 Inner Rows of PJ[14, 15]

1. A 5 French pediatric feeding tube is placed
within the pancreatic duct to ensure that the
duct is not inadvertently ligated during the
construction of the anastomosis (Fig. 10.4).
For larger pancreas ducts, an 8 French pediat-
ric feeding tube can be used.
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Fig. 10.3 Once the
sutures are secured and
tied down, electrocautery
is used to perform the
jejunotomy, and a vein
retractor is used to
expose the jejunal
mucosa

Fig. 10.4 A 5 French
pediatric feeding tube is
placed within the
pancreatic duct to ensure
that the duct is not
inadvertently ligated
during the construction
of the anastomosis

2. Two 3-0 Polysorb™ sutures are then placedin  10.6  Outer Anterior Row
a running-locking fashion in the inferior cor- of PJ [14, 15]
ner of the anastomosis. One stitch is used in
running-locking fashion to complete the pos- 1. An outer anterior row of interrupted 3-0 silk

terior inner layer. sutures is placed in a vertical mattress fashion
3. The posterior inner layer is joined together and to complete the pancreatic anastomosis. The
tied to the anterior portion of the anastomosis vertical sutures are designed to roll the jeju-
with the second 3-0 Polysorb™ suture. The num over the anterior inner layer, and the ten-

anterior inner layer remains unlocked (Fig. 10.5). sion is dispersed by crossing each suture over
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Fig. 10.5 The posterior
inner layer is joined
together and tied to the
anterior portion of the
anastomosis with the
second 3-0 Polysorb™
suture. The anterior
inner layer remains
unlocked

Fig. 10.6 An outer
anterior row of
interrupted 3-0 silk
sutures is placed in a
vertical mattress fashion
to complete the
pancreatic anastomosis.
The vertical sutures are
designed to roll the
jejunum over the
anterior inner layer, and
the tension is dispersed
by crossing each suture
over the preceding
suture

the preceding suture while they are being tied

(Fig. 10.6).

2. Figure 10.7 demonstrates the completed

invaginated PJ.

10.7 Hepaticojejunostomy (HJ)

[14,15]

1. The HIJ is constructed several centimeters dis-
tal to the PJ in an end-to-side fashion, with a
single layer of interrupted 5-0 polydioxanone

(PDS®) sutures.

10.8 Duodenojejunostomy (DJ)
[14,15]

1. TheDJisconstructed in a two-layer hand-sewn
technique—20—40 cm distal to the HJ.

10.9 Drainage and Closure
[14,15]

1. Two Jackson-Pratt drains are positioned on
either side of the abdomen as a precaution
against the occurrence of fistula. The right
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Fig. 10.7 The iy - . >
completed invaginated : 4
PJ is demonstrated

drain is positioned within the subhepatic
space, posterior to the right upper quadrant
(RUQ) jejunal loop, which we term the neo-
duodenum. The left drain is placed posterior
to the stomach through the gastrocolic liga-

10.

. Kennedy E, Yeo CJ. Dunking pancreaticojejunostomy
versus duct-to-mucosa anastomosis. J Hepatobiliary
Pancreat Sci. 2011;18(6):769-74.

. Gémez T. Reconstruction after pancreatoduodenec-

tomy: Pancreatojejunostomy vs pancreatogastros-

tomy. World J Gastrointest Oncol. 2014;6(9):369.

Xu J, Zhang B, Shi S, Qin Y, Ji S, Xu W, et al.

ment and superior to the PJ. #2 Nylon suture Papillary.—lilfe‘ main pancreatic duct invaginated
in a running fashion is used to close the fascia, pancreaticojejunostomy - versus  duct-to-mucosa
pancreaticojejunostomy  after  pancreaticoduode-

and the subcutaneous tissue and skin are
closed with 3-0 and 4-0 Vicryl™ sutures,
respectively.
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