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Background: Since the first laparoscopic pancreaticoduodenectomy (LPD) was performed in 1994, the
feasibility and safety of total laparoscopic pancreaticoduodenectomy (TLPD) have been confirmed by
several single-institutional series. However, a standard approach is still lacking. Here, we present our initial
experience of TLPD.

Methods: We retrospectively reviewed 27 consecutive patients who had undergone TLPD performed by
one operator between January 2013 and August 2016 at the Ningbo Medical Centre of Lihuili Hospital.
Results: A total of 27 LPD were carried out, including two cases of portal vein (PV) resection and
reconstruction. Conversion rate was in 4 patients (14.8%); mean operation time was 517 (range,
350-860) minutes; mean blood loss was 500 (range, 300-3,000) mL; mean hospital stay was 25 (range,
11-72) days. The overall postoperative morbidity was 44.4% (12 cases); mean number of collected lymph nodes
was 12 (range, 2-59). RO resection was obtained in 26 patients (96.3%).

Conclusions: TLPD is safe and feasible. It is also possible to safely perform major venous resection and

reconstruction during TLPD.
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Introduction their training (5,6).

G ip ; d the & il . Four techniques are currently employed for LPD: pure
agne and Fomp performed the Irst reported faparoscopic laparoscopy, hand-assisted laparoscopy, laparoscopic-assisted
surgery, and robotic-assisted laparoscopy (7-14). With the

increasing use of LPD, multicenter randomized controlled

pancreaticoduodenectomy (LPD) in a 30-year-old woman
with chronic pancreatitis in 1994 (1). Because this procedure

is extremely difficult and there is a high incidence of studies have shown that LPD is safe, and that intraoperative

postoperative complications, some researchers have raised
doubts about its efficacy (2-4). Acceptance has probably
been slowed by both the inherent technical limitations of
laparoscopy and the need for advanced endoscopic skills

which, until recently, surgeons have not acquired during
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bleeding, RO resection rate, number of lymph nodes
resected, and incidence of postoperative complications are
not worse than with open pancreaticoduodenectomy (PD).
Numerous published studies have now reported that LPD
is safe, feasible, and adequate (13,15-19).
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Figure 1 Placement of the five ports.

Figure 2 Intra-operative photo of portal vein reconstruction.

Thus far, because of the limited experience with total
laparoscopic pancreaticoduodenectomy (TLPD) and the
added complexity of vascular resection and reconstruction,
major venous involvement has been considered a relative
contraindication to choosing a laparoscopic approach for
PD. Here, we review our initial experience with LPD as
performed by a single, high-volume pancreatic surgeon with
extensive laparoscopic surgical experience in a tertiary care
setting, our focus being on our experience of major venous
resection and reconstruction with TLPD.

Methods

From May 2014 to June 2016, 27 patients were underwent
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LPD in our department. They comprised 18 men
and 9 women (male:female =2:1) with a mean age of
63.2 years (range, 50-78 years). Preoperative investigations
included routine blood, urine, and stool tests, neoplastic
markers, chest radiographs, upper abdominal ultrasound,
computed tomography (CT) scan, and gastroscopy. The
preoperative diagnoses were primary pancreatic neoplasms
in 12, duodenal neoplasms in 7, and biliary tract tumors in
8 patients. Contraindications to laparoscopy were severe
cardiorespiratory disease, use of anticoagulant drugs; ASA
score >4; distant metastases; serious electrolyte disorders,
and inability to perform endotracheal intubation.

All operations were performed by the same surgeon. The
patient was intubated in a supine position with a 20° head-
up tilt. After undergoing tracheal intubation and induction
of general anesthesia, a CO, pneumoperitoneum was created
via an open Veress-assisted technique. A 30° telescope was
used to inspect the peritoneal cavity. Five trocars were
used: a 10-mm telescope trocar in the midline above the
umbilical incision; two cranially placed 5-mm ports in the
left and right anterior axillary lines, and two cranially placed
ports 5 mm to the left and 10 mm to the right of the rectus
muscles at the level of the umbilicus (Figure I). First, the
duodenum was mobilized by the Kocher maneuver and
the inferior vena cava and superior mesenteric vein (SMV)
exposed. If tumor was found to be involving these vessels,
a decision was usually made convert to open PD. Next,
the bile duct and common hepatic artery were dissected;
cholecystectomy performed; and sections of the bile duct,
stomach, and pancreatic head, and pancreatic uncinate
dissected, after which the Whipple specimen was removed
through a minimal enlargement of the supraumbilical
site using a retrieval bag and a child anastomosis created.
Standard lymphadenectomy was always carried out. In
the first five cases, “sleeve” anastomoses were created
for pancreaticojejunostomy; whereas in the last 22 cases,
pancreatic duct to intestinal mucosa anastomoses were
created. Portal vein (PV) resection and reconstruction was
performed in two cases (Figure 2). We believe that it is very
important to perform an “artery first” or “uncinate first”
approach before resection and reconstruction of the PV.
First, a Kocher incision was made, then the duodenum
and pancreatic head freed to expose the anterior inferior
vena cava and abdominal aorta to the root of the superior
mesenteric artery. After the invaded length of SMV had
been identified, resection of the pancreatic uncinate process
was completed. Finally, resection of involved vein and entire
specimen was completed (Figure 3). Systemic intravenous
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Figure 3 Photo of operative specimen including involved major

veins.

Figure 4 Intra-operative photo of end to end anastomosis by the

two-point method for portal vein reconstruction.

Table 1 Short-term outcomes of laparoscopic pancreaticoduodenectomy

Category Data
Conversion (%) 4(14.8)
Operative time [range] (min) 517 [350-860]
Surgery-related morbidity (%) 12 (44.4)
Bleeding 1(3.7)
Gastric emptying disorder 3(11.1)
Pancreatic fistula 2(7.4)
Bile leakage 3(11.1)
Pancreatic fistula and bile leakage 3(11.1)
Lymph nodes harvest [range] 12 [2-59]
Reoperation (%) 1(3.7)
Mortality (%) 13.7)
Estimated blood lose [range] (mL) 300 [100-3,000]
Hospital stay [range] (days) 25 [10-72]
Tumor size (cm) 2.5x1.9x1.6
RO resection (%) 26 (96.3)

Data are presented as n (%) or median (range).
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unfractionated heparin (3,000 to 5,000 units) was
administered before clamping the portal system. Vascular
anastomosis was achieved by end to end anastomosis using
the two-point method (Figure 4).

Results

Twenty-seven LPD were carried out. Conversion was
required in 4 patients (14.8%), 2 because the PV was
involved by tumor; 1 because the tumor was large (4.5 cm
x 4.5 cm x 4.0 cm) and surrounded by extensive adhesions,
and the fourth because the SMV was involved by tumor.
There was no intraoperative mortality. The superior
mesenteric artery was injured in 1 patient (3.7%); this was
managed by intracorporeal suturing with 4-0 polypropylene
(bleeding of 3,000 mL). The mean operation time was
517 (range, 350-860) minutes; mean blood loss 500 (range,
300-3,000) mL; and mean hospital stay was 25 (range,
11-72) days.

PV resection and reconstruction was performed in 2 cases
(7.4%) because of involvement by cancer. This procedure
was completed without postoperative complications such as
anastomotic stenosis, vein thrombosis, anastomotic leakage,
or gastric emptying disorder. Total PV clamping time was
32.5 (range, 30-35) minutes.

One patient (3.7%) died on the 14th postoperative
day of multiple organ dysfunction syndrome. The overall
postoperative morbidity was 44.4% (12 cases). One
patient (3.7%) had bleeding requiring open reoperation;
intraoperatively, minor crevasse bleeding from the left
gastric artery was identified. There were 3 cases (11.1%)
of gastric emptying disorder; 2 (7.4%) of simple pancreatic
fistula, and 3 (11.1%) of simple biliary leakage. Both
pancreatic fistula and biliary leakage occurred in 3 (11.1%)
patients (Zable I).

Postoperative pathologic examination of the operative
specimen confirmed pancreatic adenocarcinoma in
18.5% of patients (n=5), pancreatic head cancer in
22.2% (n=6), duodenal papillary cancer in 25.9% (n=7),
cholangiocarcinoma in 29.6% (n=8), and intraductal
papillary mucinous neoplasm (IPMN) in 1 (3.7%) (Figure 5).
The mean number of resected lymph nodes was 12 (range,
2-59). RO resection was achieved in 26 patients (96.3%).

The mean duration of follow-up was 17 (range,
1-44) months. Eight patients are still alive, five being

Transl Cancer Res 2016;5(6):765-771



768

Diagnosis

[lPancreatic
adenocarcinoma

[ Pancreatic head
cancer

[[]Duodenal papilla
cancer

-Cholangiocarcinoma
CliPvN

Figure 5 Diagnoses of study patients.

disease-free and the remaining three with recurrence of
duodenal adenocarcinoma, pancreatic head cancer, and
pancreatic adenocarcinoma, respectively. The remaining patients
all died of disease after a mean of 15 (range, 7-18) months.

Discussion

Surgery is the only curative treatment for pancreatic
tumors (20). LPD was first described by Gagne and Pomp
in 1994 (1). Since then the procedure has been attempted
in a relatively small number of patients worldwide and has
a high conversion rate of more than 30% (11). Its safety
and feasibility were therefore doubted by researchers until
the recent emergence of growing evidence that LPD is a
feasible alternative to an open approach in appropriately
selected patients. Recent small studies have demonstrated
that LPD can be performed with less blood loss and
resection of more numerous lymph nodes than open surgery
(21,22). We believe that surgeon’s attitudes towards LPD
have gradually changed because of increasing completion of
learning curves for LPD.

The traditional surgical learning curve has three main
portions: a slow and potentially arduous beginning, followed
by a steep acceleration phase characterized by rapid learning,
and finally a plateau involving slower but continued
improvements. Since laparoscopic cholecystectomy
was first performed in 1996 in our institution, we have
increasingly performed laparoscopic operations such as
hepatectomies, gastrectomies, splenectomies, hernia repairs
and pancreaticoduodenectomies.
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Moore et al. first reported resection and reconstruction of
the SMV during PD (23). Since then, increasing numbers of
reports have described various techniques for reconstructing
the SMV and/or PV. It is widely accepted that PV resection
increases the resectability rate in patients with cancers of the
pancreatic head (24). Some researchers have suggested that,
with appropriate patient selection and surgeon experience,
venous resection and reconstruction can be performed
safely during PD (25) and may even increase survival (26).
The Mayo Clinic reported the first series of TLPD with
major venous resection and reconstruction (19). Several
published reports have shown that TLPD is feasible and has
several potential advantages over open PD (27). The Mayo
Clinic reported that TLPD with major vascular resection
is not only feasible and safe, but also achieves similar
morbidity, mortality, and oncologic outcomes to open PD
with major vascular resection. Thus, vascular involvement is
not an absolute contraindication to TLPD in centers with
experienced surgeons (28). After incorporating advances
in laparoscopic experience and techniques and developing
a learning curve by operating on animals, we performed
vascular resection and reconstruction in two patients. The
median clamping time was 32.5 (range, 30-35) minutes,
which is within safe limits according to van Riel et a/.’s
research (29). We therefore concluded that laparoscopic
venous resection and reconstruction is feasible.

We reviewed data from other institutions in which major
venous resection and reconstruction had been performed
during TLPD and have compared the results in Zable 2 [data
from Croome ez al. (28), Palanisamy ez /. (30), Awad (31),
and Dokmak et /. (32)].

Conclusions

Our experience suggests that TLPD is feasible and safe
and that major venous resection and reconstruction can be
performed in carefully selected patients. However, there
is still uncertainty regarding the reproducibility of our
outcomes. We have performed only one type of venous
resection and reconstruction; obviously evidence needs
to be accumulated for different types of venous resection
(such as SMV alone or combined PV and SMV resection)
and reconstruction [such as segmental resection (SR),
tangential resection (TR), primary suture closure, and
patch venorrhaphy]. Large multicenter randomized trials
are needed to provide more reliable information about the
usefulness of LPD versus open surgery (with or without
major venous resection and reconstruction).
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