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Introduction

In the last two decades, since the first laparo-
scopic pancreatoduodenectomy (LPD) was described 
in 1994 by Michel Gagner, the technique of pancre-
atoduodenectomy (PD) has been continuously evolv-
ing [1]. 

Current literature considers LPD a  reliable and 
safe technique for selected patients [2], but also in-
dicates that conversion rates to laparotomy remain 
high across different reports, varying between 10% 
to 40% [3–5].

The main difficulties of LPD are related to the 
vascular dissection, and thus the major controver-
sies concern the assessment of resectability and im-
plicitly the selection of patients.

Classically, in open surgery, venous resection is 
well accepted and should be performed, to achieve 
R0 resection, when it can be done safely. In contrast, 
resection of the superior mesenteric artery (SMA) 
is reported to increase postoperative morbidity and 
mortality rates without a  remarkable improvement 
in survival, which meant that this radical approach 
has been largely abandoned [6, 7].
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A b s t r a c t

Introduction: The “artery-first approach” (AFA) to the superior mesenteric artery allows an early assessment of re-
sectability of pancreatic tumours and could improve the benefits of laparoscopy, reducing invasiveness, especially for 
unresectable tumours.
Aim: To describe our technique of pure laparoscopic pancreatoduodenectomy (PLPD) with the AFA, and to report the 
surgical outcomes of this procedure in a small series of 12 patients through a retrospective analysis of a prospective-
ly collected database.
Material and methods: Twelve selected patients underwent elective full laparoscopic pancreatoduodenectomy with 
the AFA. The technical aspects of the procedure are described in detail and the included images facilitate the under-
standing of the procedure.
Results: The mean operative time was 300 min (range: 250–540 min). No intraoperative complications were ob-
served. No conversion to laparotomy was necessary. The mean postoperative hospital stay was 18 days (range: 
8–42). Mortality was null. There were 3 major complications at the 3rd post-operative month follow-up: 2 patients 
reporting a grade A pancreatic fistula and one biliary fistula.
Conclusions: Our work shows that pure laparoscopic pancreatoduodenectomy (PLPD) with the AFA is feasible, in 
selected patients. The AFA could improve on the advantages of laparoscopy in the identification of unresectable 
patients, and it also allows early control of vascular structures.
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Besides, it is well known that laparoscopic stag-
ing allows identification of metastatic disease, un-
recognised on the preoperative computed tomog-
raphy (CT) study, in about 10% of patients, sparing 
these individuals a laparotomy, without compromis-
ing the oncological prognosis and being accompa-
nied by a low morbidity [8–11].

In light of this, the artery-first approach (AFA) 
to SMA can also be useful to assess the para-aortic 
nodal involvement. The presence of nodal metasta-
sis at this level should prompt the surgeon to aban-
don a curative intent, except in the case of neuro-
endocrine tumours [12]. Furthermore, laparoscopic 
staging with the AFA could improve the intraoper-
ative staging in the early stages of the procedure, 
before an irreversible step has been accomplished 
[13]. Also, during open surgery, the AFA is reported 
to reduce intraoperative blood loss and postopera-
tive complications when compared with standard 
PD. However, none of the studies reports the num-
ber of resections abandoned owing to SMA invasion 
[14–18].

Aim

The aim of the article is to describe our tech-
nique of pure laparoscopic pancreatoduodenectomy 
(PLPD) with the AFA, and to report the surgical out-
comes of this procedure in a small series of 12 pa- 
tients through a retrospective analysis of a prospec-
tively collected database.

Material and methods

Patient selection

A series of 12 patients were selected to undergo 
PLPD with the AFA, according to strict inclusion and 
exclusion criteria. The study was accepted by all pa-
tients, who signed an exhaustive informed consent 
form.

The inclusion criteria we used were as follows:
–  tumour located in the head of the pancreas or in 

the duodenum;
–  resectable tumour: resectability was evaluated by 

pre-operative spiral CT with virtual angiography in 
order to exclude vascular involvement, nodal and 
distant metastasis;

–  intention to treat by PLPD with the AFA.
The exclusion criteria applied for the selection of 

the study group were the following:

–  pre-operative evidence of vascular invasion, re-
quiring open procedure to safely carry out the su-
perior mesenteric vein (SMV) dissection/resection;

–  peritoneal or hepatic metastasis;
–  impossibility to achieve an R0 resection without 

multi-visceral resection. 
For the purpose of our study pancreatic fistula 

was defined and classified according to the recom-
mendations of the International Study Group of Pan-
creatic Fistula (ISGPF) [19]. Delayed gastric emptying 
(DGE) was defined, for the purpose of our study, as 
the inability to return to a standard diet by the end 
of the first postoperative week according to the defi-
nition proposed by the International Study Group for 
Pancreatic Surgery (ISGPS) [20]. 

Procedure

The patient is placed in the supine position with 
the legs in abduction. Under general anaesthesia, 
the pneumoperitoneum is induced at a pressure of 
14 mm Hg using a Veress needle (Ethicon Endo-Sur-
gery Inc., Cincinnati, OH) and the trocars are inserted 
under direct vision. The position of the surgeons and 
the placement of the trocars depend on the stage of 
the procedure, as shown in Figure 1. 

Kocher manoeuvre

The surgeons and patient are placed as shown in 
Figure 1 A. The AFA technique that we employ was 
previously described by Partensky et al. for open 
surgery [12]. The absence of metastatic disease is 
confirmed by a complete laparoscopic exploration.

The procedure begins with the dissection of the 
hepatic flexure of the colon, which is mobilized and re-
flected downward (Photos 1.1–1.4), in order to obtain 
a wide Kocher manoeuvre, extended to the left side of 
the aorta. The dissection is then carried on to the infe-
rior aspect of the pancreatic neck, in order to achieve 
a complete mobilisation of the third duodenal portion. 

This approach allows the complete control of the 
SMA area – the inferior vena cava and the left renal 
vein, crossed by the SMA, are also exposed (Photos 
1.5–1.10). Invasion of the SMA can thus be identi-
fied at an early stage of the procedure, preventing 
a  useless macroscopic positive resection (R2). Fur-
thermore, this approach allows easier identification 
and sparing of anatomical variants of the hepatic 
artery such as a  right hepatic artery or a  common 
hepatic artery originating from the SMA, which have 
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to be carefully assessed during the preoperative ra-
diologic study. 

The nodal involvement is also assessed during 
this same operative phase, and in case of macro-
scopic evidence of nodal metastasis, an extempora-

neous nodal sample is sent for fresh-frozen section 
examination (Photos 1.11–1.12). In fact, the pres-
ence of peri-aortic lymph node metastases is con-
sidered a contraindication to curative PD, except in 
the case of neuroendocrine tumours [21, 22].

Figure 1. Operative team and trocar placement according to the operative stage. A – Kocher manoeuvre 
and AFA. B – Vascular dissection and pancreatic transaction. C – Treitz and uncinate process dissection. 
D – Biliary section and reconstruction. S1 – first surgeon; S2, S3 – assistants. The black dots represent the 
trocars used by the first surgeon for each stage of the procedure

A

C

B

D
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Photo 1. Resection stages of the procedure – explained in text
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Pancreatic transection

The surgeon (S1) is positioned between the legs 
of the patient and his working trocars are placed as 
shown in Figure 1 B.

During the dissection of the hepatic pedicle, the 
common bile duct (Photo 1.13), the hepatic artery 
(Photo 1.14) and the portal vein are identified and 
isolated (Photos 1.15–1.16). A  complete lymph-
adenectomy of the common hepatic artery, including 
station 12A, is carried out. 

The pylorus is mobilized after the right gastro-
epiploic vessels and the pyloric artery is sectioned. 

The stomach is then transected 2 cm proximally to 
the pylorus, using an articulated 45 mm stapler with 
a green cartridge (ECHELON FLEX Ethicon Endo-Sur-
gery, Inc. – Cincinnati, OH, USA) (Photo 1.17).

The gastro-duodenal artery is sectioned after 
having been clipped with a  Hem-o-Lok clip (Weck 
Surgical Instruments, Teleflex Medical, Durham, NC) 
(Photo 1.18). 

The identification of Henle’s trunk allows to iden-
tify the superior mesenteric vein (SMV), which is 
dissected, in order to carry out the pancreatic hang-
ing manoeuvre, using a common textile vessel loop 
(Photos 1.19–1.20). 

The pancreatic transection is then performed 
by use of a  harmonic scalpel (Ultracision, Ethicon 
Endo-Surgery, Inc. – Cincinnati, OH, USA) (Photos 
1.21–1.22).

A percutaneous catheter is placed into the distal 
Wirsung duct in order to evacuate the pancreatic se-
cretion during the rest of the procedure. It will also 
be used for intraluminal drainage of the pancreati-
cojejunostomy (Photo 1.23). 

Treitz and uncinate process dissection 

The positions of surgeons and the placement of 
the trocars are shown in Figure 1 C.

The Treitz angle is dissected and the first jeju-
nal loop is transected using an articulated 45 mm 
stapler with a blue cartridge (ECHELON FLEX Ethicon 
Endo-Surgery, Inc. – Cincinnati, OH, USA) (Photo 
1.24). The duodenum is then retracted caudally.

The retroportal pancreatic lamina is divided from 
the right side of the superior mesenteric vein (SMV) 
and the portal vein (PV). The pancreatic head is re-
tracted to the right side of the patient, in order to 
allow the dissection of the remaining connective tis-
sue attachments of the uncinate process. The portal 

branches are divided using metal clips and ultrason-
ic shears (Photo 1.25).

Biliary section 

The surgeon (S1) places himself between the legs 
of the patient and the trocars are placed as shown 
in Figure 1 D.

The common bile duct is clamped before its sec-
tion, in order to avoid bile spillage (Photos 1.26–
1.27). Cholecystectomy is performed (Photo 1.28).

Reconstruction

The greater omentum can be transposed to iso-
late the anastomoses, allowing to avoid direct con-
tact between the anastomoses and the mesenteric 
vessels (Photo 2.1).

Finally, the anastomoses are classically per-
formed on the jejunal loop raised through the mes-
enteric defect, previously created by the dissection 
of the angle of Treitz (Photos 2.2–2.3):
–  the pancreaticojejunostomy is performed in an 

end-to-side fashion: 4 to 6 simple cardinal stitches 
of 4/0 PDS are used for the Wirsung. Afterwards,  
6 to 8 simples stitches are used to fix the pancre-
atic and jejunal serosa. The previous catheteriza-
tion of the Wirsung, by a 3–6 French silicon drain, 
allows an accurate and targeted suture of the duct 
(Photos 2.4–2.8);

–  the hepaticojejunostomy is performed in an end-
to-side fashion: around 30 cm distally to the pan-
creaticojejunostomy. The posterior side of the 
anastomosis is done using separate stitches of 4/0 
PDS; a running suture is performed on the anterior 
aspect of the anastomosis (Photos 2.9–2.12);

–  the gastrojejunostomy is performed in a  side-to-
side fashion using mechanical suture: using an 
articulated 45 mm stapler with a green cartridge 
(ECHELON FLEX Ethicon Endo-Surgery, Inc. – Cin-
cinnati, OH, USA) and manually placing a running 
suture (V-Loc 3/0, Covidien, Inc, Mansfield, Mas-
sachusetts, USA) to close the gastrojejunostomy 
(Photos 2.13–2.16).

Drainage is used systematically by means of two 
Penrose drains (Photos 2.17–2.18) and the specimen 
is extracted through a Pfannenstiel incision (Photos 
2.19–2.20). Two expert surgeons performed all of 
these procedures, in “tandem” fashion: the resec-
tion was carried out by one and the reconstruction 
by the other. 
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Results

The demographic data, operative and post-oper-
ative results of the series are summarised in Table I.

Three patients were excluded from the series, ini-
tially composed of 15 patients, due to the intraopera-
tive detection of liver metastases in 2 cases and due to 
extended vascular infiltration of the SMA in one case, 
not previously described on the preoperative CT scan.

No open conversion, or haemorrhage requiring 
blood transfusions, was observed in this series. 

Concerning the vascular variants, the right hepat-
ic artery originated from the SMA in only one pa-
tient, which was consistent with the preoperative 
CT-scan description. There was no mortality at the 
3rd post-operative month (POM). There were three 
complications: two grade A  pancreatic fistulas ac-
cording to the ISGPF classification and one biliary 
fistula [19].

Five patients developed a DGE: 2 grade B and  
3 grade A, according to the ISGPS classification 
[20]. All complications were resolved conservative-

Photo 2. Reconstruction stages of the procedure – explained in text
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Table I. Summary of demographic, operative 
and post-operative data of the patients includ-
ed in the study

Parameter Results

Demographic data:

Patients, n 12

Male/female gender, n 5/7

Age, mean (range) [years] 62 (55–78)

BMI, mean (range) [kg/m2] 26 (23–30)

Operative data:

Operative time, mean (range) [min] 300 (250–540)

Estimated blood loss, mean (range) [ml] 180 (100–600)

No. of lymph nodes retrieved (range) 17 (8–31)

Post-operative data:

Hospital stay, mean (range) [day] 18 (8–42)

Mortality at 3rd post-operative month (%) 0

Complications:

Pancreatic fistula
Biliary fistula 

2 patients, (grade A) 
1 patient

Blood transfusion 0

Port site metastasis 0/0

Re-intervention at 3rd post-operative 
month

0

Table II. Summary of pathology findings in the 
resection specimens

Diagnosis No. of cases

Pancreatic ductal adenocarcinoma 9

Neuroendocrine carcinoma 1

Metastatic renal cell carcinoma 1

Duodenal adenocarcinoma 1

Specimen characteristics:

Tumour size, mean (range) [cm] 3 (1.5–7)

R0 resection, n (%) 9 (75)

Regional lymph node metastases, n (%) 7 (58)

ly and did not require surgical intervention or any 
endoscopic or radiological interventional proce-
dures.

The histological findings are shown in Table II.
All patients underwent a whole body scan in the 

3rd POM. None of them developed local recurrence at 
this time. No port site metastases were observed. No 
internal or trocar hernias were reported.

Discussion 

Despite conflicting opinions regarding LPD in the 
beginning, this procedure has gained increasing ac-
ceptance during the last decade [2, 23]. 

The increasing number of LPD recently reported 
in the world attests to the safety, the effectiveness 
and the benefits of laparoscopy, even in terms of on-
cological outcomes [24–26].

When compared to open surgery, the operative 
time is the only factor that is in favour of laparot-
omy. In contrast, intraoperative blood loss, transfu-
sion need, length of hospital stay and intensive care 
unit (ICU) stay, and wound infection rate all show 
significant differences favouring LPD [24].

However, a  great number of publications have 
been reporting significant differences in technicality 
and surgical approach, limiting the standardization 
and the transmission of the technique.

Considering that surgical exploration plays a key 
role for the final assessment of resectability, our 
team adopted the laparoscopic AFA, which also al-
lows safe vascular control and provides minor surgi-
cal invasiveness for unresectable tumours, with the 
following advantages:
–  it allows dissection of the SMA by a posterior ap-

proach, and exploration of the SMV and PV conflu-
ent, with the well-known benefits of laparoscopic 
magnification of the field of view;

–  it allows a  total resection of the retro-pancreatic 
tissue, performing the dissection from the right to 
the left and from the back to the front;

–  it facilitates the dissection and the sparing of an 
aberrant hepatic artery, both right and common, 
coming from the SMA, which should be previously 
detected on triple-phase CT assessment;

–  it allows the resection to be performed only when 
the oncological assessment is completed, sparing 
an unnecessary laparotomy.

Finally, the stressful effort of the surgeon, due to 
the long operative time, was avoided in our study 
by using the “tandem team” concept: two different 
surgeons performing resection and reconstruction, 
which had no negative impact in our series.
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Conclusions

Laparoscopic pancreatoduodenectomy is feasi-
ble and adequate in terms of oncological outcomes. 
It may be performed in selected patients, by highly 
skilled laparoscopic teams, with a wide experience 
in pancreatic surgery. 

Pure laparoscopic pancreatoduodenectomy with 
the AFA could increase the advantage of laparos-
copy, allowing early control of vascular structures, 
avoiding unnecessary resections and bleeding com-
plications. 

Further investigation is necessary to obtain 
a  wide awareness of the benefits of PLPD and to 
clarify the selection criteria of the patients.
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