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Abstract

Introduction Laparoscopic pancreatic surgery represents
one of the most advanced applications for laparoscopic
surgery currently in use. In the past, minimally invasive
techniques were only used for diagnostic laparoscopy,
staging of pancreatic cancer, and palliative procedures for
unresectable pancreatic cancer. With new advances in
technology and instrumentation, some sophisticated pro-
cedures are currently available, such as the Whipple pro-
cedure, one of the most sophisticated applications of
minimally invasive surgery.

Materials and methods A review of the literature shows
that 146 laparoscopic Whipple procedures have been
published worldwide since 1994. The authors analyzed
blood loss, mean operating time, hospital stay, conversion
rate, mean age, mortality rate, lymph nodes in the patho-
logic findings, follow up, and complications.

Results Mean age was 59.1 years; mean operating time
was 439 min. The average blood loss for the reviewed
literature was 143 mL; median hospital stay was 18 days;
conversion rate was 46%; number of lymph nodes in the
pathologic findings was 19; and mortalities related to the
procedure was low, 2 patients (1.3%) and the complication
rate was 16% (23/46 patients). Complications included 2
hemorrhages, 4 bowel obstructions, 1 stress ulcer, 1 delay
of gastric emptying, 4 pneumonias, and 11 leaks.

M. Gagner (X))

Department of Surgery, Mount Sinai Medical Center,
4300 Alton Road, Miami Beach, FL 33140, USA
e-mail: gagner.michel@gmail.com

M. Palermo

Department of Surgery, Hospital Nacional Prof. A. Posadas.
Haedo, Buenos Aires, Argentina

@ Springer

Conclusion This review demonstrates that the laparo-
scopic Whipple procedure is not only feasible but
also safe, with low mortality and acceptable rates of
complications.

Introduction

The laparoscopic approach for tumors located in the head
of the pancreas is not universally accepted, because of its
technical difficulties and highly trained surgeons required
to perform this operation [1].

Laparoscopic pancreatic surgery represents one of the
most advanced applications for laparoscopic surgery cur-
rently in use. These advances in technology and techniques
have widely opened new gates to a wide range of appli-
cations in patients with pancreatic disease [1-5].

The first successful pancreatoduodenectomies were
performed by Walter Kausch in 1912 and Allan Whipple in
1934. The first laparoscopic pancreatoduodenectomy was
described in 1994 [6-10].

Laparoscopic pancreatic surgery uses a relatively new
approach. In the past, the minimally invasive techniques
were only used for diagnostic laparoscopy to evaluate pe-
riampullary malignancies, staging of pancreatic cancer, and
palliative procedures for unresectable pancreatic cancer.

With new advances in technology and instrumentation
during the past decade, use of laparoscopic procedures for
pancreatic disease has expanded to necrosectomy for nec-
rotizing pancreatitis, drainage procedures for pancreatic
pseudocysts, and distal resections of pancreatic tumors
[11-14]. Currently, it is feasible to perform some sophis-
ticated procedures such as the Whipple procedure, one of
the most sophisticated applications of minimally invasive
surgery.
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This article reviews the literature regarding laparoscopy
in the management of benign and malignant pancreatic
disease that were treated by a Whipple procedure.

Whipple procedure: surgical technique

The laparoscopic technique for a Whipple procedure is a
modification of Longmire and Traverso and pylorus-pre-
serving pancreatoduodenectomy. Under general anesthesia,
the patient is placed in a supine position with the legs
abducted. Carbon dioxide pneumoperitoneum is established
using an open technique through a 10-mm trocar over the
umbilicus. A 30° telescope is inserted to examine the per-
itoneal cavity, liver, stomach, and mesentery vessels.

Then 4 to 6 more trocars are inserted under direct vision
in the epigastrium and upper quadrants. The peritoneum
covering the common bile duct (CBD) is opened anteriorly
and laterally, and is then dissected free posteromedially
from the portal vein and the right hepatic artery.

Using a 2-0 nylon suture passed through the abdominal
wall in the right subcostal area and passed under the CBD,
creating a suspension with minimum retraction. The CBD
is then transected at least 2 cm above the pancreatic cystic
duct junction using an endoscopic linear stapler. The first
portion of the duodenum is then divided 1 cm distal to the
pylorus, can be easily identified by looking inferiorly for
the veins of Mayo and by palpating a slight induration in
the area. After dissection of the gastrocolic ligament is
completed, gastroepiploic vessels derived from the gas-
troduodenal vessels are double clipped with titanium clips.

Using a right-angled dissector under the pylorus, a
window of 1 cm? is created that allows passage of an
endoscopic linear 12-mm stapler. Similarly, the duode-
nojejunal junction is transected as close to the proximal
jejunum as possible, with the sample stapler to the right of
the mesenteric vessels. The proximal jejunum retracts in
the retroperitoneum and is freed at the ligament of Treitz.
After transection, the gastroduodenal artery is exposed as
the antrum of the stomach is pushed toward the left upper
quadrant. The artery is dissected from the pancreatic neck
and more so superiorly near its origin. From the hepatic
artery, it is double-clipped with titanium clips and divided.
The pancreas above the mesenteric vein and the portal vein
is then transected using scissors. This sections the inferior
and superior pancreatic vessel arcades controlled with a
combination of metallic clips and cautery. A 10-mm,
ultrasonic dissector can be used. The pancreatic duct is
easily seen because of the magnification. It is left open and
can be cannulated with a 5-Fr pediatric feeding tube.

The uncinate process is resected from the mesenteric
vessels by using an endoscopic linear stapler with two
cartridges 60 mm long or using the ultrasonic dissector.

The resected specimen is then inserted into a bag and left in
the lower quadrant of the abdomen for later extraction.

At this time, 3 anastomoses need to be created, and a
good 2-handed technique with fast intracorporeal knot
tying is necessary. The proximal jejunal loop is prepared
for this task by further mobilizing the Treitz ligament, and
several vessels are taken with the hook cautery and metallic
clips. The loop is passed and advanced behind the mes-
enteric vessels through the ligament of Treitz.

The pancreas to jejunum anastomosis is created first
because of its need for precision and delicate sutures, and it
is easier to perform with the free jejunal loop. The anas-
tomosis is created in 2 layers: an outer layer with inter-
rupted 3-0 silk and an inner layer with 4-0 absorbable
sutures placed with a semi-curved needle, taking the duct
to the antimesenteric side of the jejunum through the whole
wall. Then 4 to 6 interrupted sutures are positioned
beginning posteriorly.

The hepaticojejunostomy is created in a similar fashion
with intracorporeal sutures starting posteriorly, using 6 to
10 sutures. The distance between each anastomosis is
10 cm. The pylorojejunostomy is created using a 3-0
absorbable monofilament suture. The gallbladder can be
removed after the sutures are placed. The specimen is
extracted through the 18-mm umbilical trocar, the largest.

Drains are positioned below and above the anastomosis
and passed through the trocar sites in the right subcostal
and right paramedian areas. A feeding jejunostomy is
needed and a nasogastric tube is placed and its position
verified. The fascial wounds are closed with 2-0 absorbable
sutures [9].

Methods

The following variables of each article: blood loss, mean
operating time, hospital stay, conversion rate, mean age,
mortality, lymph nodes in the pathology, follow up, and
complications. Complications were determined to be
bleeding, bowel obstruction, stress ulcer, delay gastric
emptying, leak, and pneumonia.

Results

A review of the literature shows that 146 laparoscopic
Whipple procedures have been published since 1994. The
14 publications with 146 Whipple procedures are listed in
Table 1.

Mean age was 59 (43-71) years.
Mean operating time was 439.28 min. Range was
284 min [1] to 660 min [19] (Table 2).
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Table 1 Publications of laparoscopic Whipple reviewed

Author Year of publication ~ Number of procedures
Gagner 1994 1
Gagner 1997 10
Gentileschi/Gagner 2001 12
Masson 2003 1
Milone/Gagner 2004 14
Amori 2004 1
Dulucq 2005 10
Staudacher 2005 4
Dulucq 2006 25
Lu 2006 5
Zheng 2006

Palanivelu 2007 42
Pugliese 2008 19
Sa Cunha 2008 1
Total 146

Table 2 Blood loss, operation time and hospital stay

References Blood loss Operating time Hospital stay
(mL) (min) (days)

Dulucq et al. [1] 162 284 13.6

Assalia and Gagner [25] 510 22.3

Dulucq et al. [11] 107 £ 48 287 £ 39 162 £ 2.7

Staudacher et al. [14] 325 £ 50 416 £ 77 12+2

Lu et al. [15] 770 528 39

Zheng et al. [16] 50 390 30

Ammori [19] 660 9

Range 50-770 284-660 9-39

Blood loss average for the reviewed literature was
142.8 mL, with a range of 50 mL [16] to 770 ml [15]
(see Table 2).

The average number of hospital-stay days was 18,
7 days [18] to 39 [15] (see Table 2).

Conversion rates were 46% (12 to 100%).

Mean number of lymph nodes in the pathology was 19
(13-26).

Mortality rates related with the procedure were low, only
2 (1.3%) patients died during the peri operative period.
Follow up was an average of 11 months (2-32).
Complication rates were 16% of patients (23/146).
Complications were 2 hemorrhages, 4 bowel obstruc-
tions, 1 stress ulcer, 1 delay of gastric emptying, 4
pneumonias, and 11 leaks (Fig. 1) [16-20].
Histopathological findings were:

Ampulloma (n = 62)

Pancreatic adenocarcinoma (n = 45)
Chronic pancreatitis (n = 13)
Neuroendocrine tumors (n = 5)

@ Springer

® Bleeding (2)

@ Leakage (11)
Sress ulcer (1)

® Bowel Obstruction (4)

Delay gastric empting (1)
@ Pneumonia (4)

Fig. 1 Complications

Cystadenocarcinoma (n = 5)
Metastasis (n = 4)

Low bile duct carcinoma (n = 3)
Pancreatic mixed carcinoma (n = 1)
Cholangiocarcinoma (n = 3)
Mesenchymal tumor (n = 1)
Duodenal adenocarcinoma (n = 2)
Serous cystadenoma (n = 1) (Fig. 2)

Discussion

Some articles in the literature report that performing a
Whipple procedure laparoscopically is feasible, but dif-
ferences with the open technique have not been docu-
mented [4, 21, 22]. These authors say that the laparoscopic
approach for distal pancreatectomy is easier than the
Whipple procedure and is more accepted [4].

The total number of laparoscopic pancreatic resections
remain small and many reports are often based on limited
experience. In a recent multi-institutional study, 127 pan-
creatic resections in 27 European centers were described
[23]. Most were distal resections. Another study from
France, in a single institution, has 48 cases of laparoscopic
pancreatic surgery, and only one was a Whipple procedure
and one total pancreatectomy, the rest were distal resec-
tions or enucleations [24]. As stated previously,
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Ampulioma (62)

Pancreatic adenocarcinoma (45)
Chronic pancreatitis (13)
Neuroendocrine tumors (5)
Cystadenocarcinoma (5)
Metastasis (4)

Bile duct carcinoma (4)
Pancreatic mixed tumor (1)
Cholangiocarcinoma (3)
Mesenchymal Tumor (1)

@ Duodenal Adenocarcinoma (2)
® Serous Cystadenoma (1)

Fig. 2 Summary of histopathologic findings

laparoscopic pancreatectomy series remain small, particu-
larly those on Whipple procedures.

A retrospective review from Italy, a study of 19 patients
with cephalic pancreatic cancer, was published in 2008,
and 13 cases could be finished laparoscopically with good
results [10].

In the review of the literature, we found good results, but
the laparoscopic approach is not universally accepted as the
best one because of long operating time, technically diffi-
cult procedure, and a lack of reduction in length of hospital
stay.

When the results from this review were compared with
those of a meta-analysis with regard to comparison
between two open techniques, published by Diener and
colleagues [21], the operating time was determined to be
similar (mean of 493.28 laparoscopic vs. 401 open); blood
loss was higher in the open technique (819.6 open vs. 142.8
laparoscopic); hospital stay was similar in comparing both
techniques (20.9 days for the open group vs. 18.7 for the
laparoscopic group); and mortality rate was also similar
(1.54 open vs. 1.3 laparoscopic). The complications were

also similar. The difference was that we noted more wound
infections in the open group (16%). Also, the pancreatic
fistula, which was 18% for the laparoscopic procedure,
compared with the literature of open techniques increased
from 2% to 30% [10].

Therefore, when techniques were compared for all the
items reviewed, no large differences were noted between
them. The principle disadvantage of the laparoscopic
approach is the difficult and lengthy learning curve
required. The principle advantage of the laparoscopic
Whipple procedure is that it is a minimally invasive with
all the advantages that that offers. However, although no
benefit seemed to be derived from use of a laparoscopic
approach, randomized controlled trials must be performed
to achieve strong conclusions.

One major concern always raised in cases of malignant
disease treated by laparoscopy is whether this surgery is an
adequate cancer operation, allowing tumor-free margins
and sufficiently extensive lymph node dissection while
being minimally invasive [16]. In review of the literature,
the authors observed that extended lymphadenectomy is
not necessary, because it does not prolong patient survival.
Laparoscopic surgery causes less immunodeficiency with
the open approach, which seems to be an important
advantage for cancer patients.

Conclusion

This review demonstrates that the laparoscopic Whipple
procedure is not only feasible but safe, with low mortality
and acceptable complication rates. However, the laparo-
scopic Whipple procedure should be performed in selected
cases by a highly skilled laparoscopic surgeon to be fea-
sible, safe, and achieve good results. In case of doubt or
difficulties in the dissection, an open resection should be
performed.
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