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Introduction

Over the last decade remarkable progress has been made in lap-
aroscopic surgery. Nowadays, laparoscopic pancreatic surgery is a 
standard procedure in diagnosis and treatment [1]. However, a 
special feature of this procedure continues to be laparoscopic total 
duodenopancreatectomy (LDP) [2], being a combination of the al-
ready established laparoscopic left-sided pancreatectomy and the 
still challenging laparoscopic resection of the pancreatic head [3, 
4]. A limitation to the establishment of this method is the rare indi-
cation for this procedure [5]. Depending on the indication, LDP 
can also be performed as a pylorus- and spleen-preserving proce-
dure [6]. As already described in laparoscopic left pancreatic resec-
tion, a spleen-preserving procedure is associated with a lower post-
operative complication rate and is therefore favored in appropriate 
cases [7]. In the following article, we report a case of laparoscopic 
pylorus- and spleen-preserving duodenopancreatectomy (LDP) in 
a patient with multiple endocrine neoplasia (MEN) I syndrome 
and a multifocal neuroendocrine tumor (NET) of the duodenum 
and pancreas.

Case Report

The diagnosis and surgical treatment was done in the West Coast Hospital 
in Heide, Germany. A 30-year-old patient with a body mass index of 31 kg/m2 
was diagnosed with MEN I syndrome at the age of 28 years by gene analysis. 
The diagnosis was made following primary hyperparathyroidism due to solitary 
parathyroid adenoma. In addition, a prolactinoma was detected, which was 
managed conservatively. The patient then developed a jejunal perforation 20 
cm distal to the ligament of Treitz due to a perforated ulcer. This was handled 
with segmental resection by means of a median laparotomy. A consecutive duo-
denoscopy showed multiple duodenal ulcerations. The corresponding labora-
tory parameters (gastrin 1,983 ng/l) and chromogranin A (3,510 μg/l) con-
firmed a gastrinoma. Further diagnostic imaging in the form of endosonogra-
phy, magnetic resonance tomography, positron emission tomography, and so-
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Summary
Background: In contrast to laparoscopic left pancreatic 
resection, laparoscopic total duodenopancreatectomy is 
a procedure that has not been standardized until now. It 
is not only the complexity that limits such a procedure 
but also its rare indication. The following article demon-
strates the technical aspects of laparoscopic pylorus- 
and spleen-preserving duodenopancreatectomy. Case 

Report: The indication for intervention in the underlying 
case was a patient diagnosed with a multiple endocrine 
neoplasia (MEN) I syndrome and a multifocal neuroen-
docrine tumor (NET) infiltrating the duodenum and the 
pancreas. The patient was post median laparotomy 
which was necessary after jejunal perforation due to a 
peptic ulcer. The resection was carried out entirely lapa-
roscopically, and the reconstruction, which included a 
biliodigestive anastomosis and a gastroenterostomy, 
was carried out by means of a median upper abdomen 
laparotomy of 7 cm in length through which the resected 
specimen was also removed. The total operative time 
was 391 min. The blood loss accounted for 250 ml. The 
postoperative course was uneventful, and the patient 
was discharged on the eighth postoperative day. Conclu-

sion: Laparoscopic pancreatectomy is a treatment option 
in carefully selected indications. The complexity of the 
operation demands a high level of expertise in the surgi-
cal team.
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matostatin receptor scintigraphy showed multiple NET throughout the 
pancreas, particularly in the pancreatic tail. It also showed two pathological 
lymph nodes in the area close to the pancreatic head. After an interdisciplinary 
discussion of the findings, an indication for LDP was made. The decision for 
such an indication was made when taking into account the young age of the 
patient and therefore the aim to avoid further secondary operations for 
recurrences.

Surgical Technique of LDP
Figure 1 shows the positioning of the patient as well as the position of the 

surgeon and the assistant. The monitors are positioned on either side of the 
head of the patient. The positions of the trocars, as shown in figure 2, allow the 
use of three 10-mm trocars (midline and paramedian on both sides) as well as 
of two 5-mm trocars (anterior axillary line) for optimal visualization in the pre-
paratory phase. The described technique requires no extra instruments except 
for 5-mm Titan Clips (Ethicon Endoscopic Clip Applier 5 mm Titan Ligamax 
5®; Johnson & Johnson Medical GmbH, Ethicon Deutschland, Norderstedt, 
Germany); thus, it has no impact on costs. As grasping forceps the atraumatic 
PO7R and the Dorsey bowel forceps P618R (both Aesculap®, Tuttlingen, Ger-
many) are utilized. The preparation is performed with the bipolar Maryland 
forceps PM431R and the Metzenbaum Scissors PM430R (both Aesculap®, Tutt-
lingen, Germany). Alternatively, the Metzenbaum Scissors can be replaced by 
an ultrasonic dissector (Ultracision Harmonic Scalpel®; Johnson & Johnson 
Medical GmbH, Ethicon Deutschland, Norderstedt, Germany).

The preparation according to the presented technique is carried out by the 
following three steps:
–  spleen-preserving mobilization and exposure of the tail of the pancreas;
– pylorus-preserving exposure and mobilization of the pancreatic head and 

the duodenum;
– removal of the resected segment and reconstruction by means of a small 

median laparotomy.

Spleen-Preserving Mobilization and Exposure of the Tail of the Pancreas
The preparatory stage begins after an exploratory laparoscopy and laparo-

scopic ultrasound of the liver and the hepatoduodenal ligament to rule out 
other unexpected pathologies. The visualization of the pancreas requires a mo-
bilization of the entire transverse colon and of both colic flexures. The mobili-
zation begins with the opening of the omental bursa. For this purpose, the divi-
sion of the gastrocolic ligament can be successfully carried out even in ex-
tremely obese patients. The pancreas is exposed once the stomach is retracted 

cranially and ventrally. This step also facilitates the subsequent mobilization of 
the two colic flexures, which is started from the left side. After the mobilization 
of the descending colon from its lateral adhesions, the preparation is carried out 
by beginning on Gerota’s fascia and then moving upwards to the exposition of 
the spleen. Due to the preparation of the left colonic flexure an opening of the 
omental bursa from the left side and an exposition of the pancreas is possible. 
The preparation along the front edge of the pancreas can be carried out up to 
the middle colic artery and middle colic vein. Tension on the transverse colon 
in dorsocaudal direction can avoid an iatrogenic lesion of the inferior mesen-
teric vein (fig. 3). The mobilization of the right colonic flexure should also be 
carried out on Gerota’s fascia. In order to avoid iatrogenic lesion of the duode-
num, a further opening of the omental bursa to the right side to explore Gero-
ta’s fascia from the cranial direction is performed. During this step, a small 
branch leading from the pancreatic head to the middle colic vein can impede 
further preparation. A lesion of this only 2–3 cm long venous branch can lead 
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Fig. 1. Position of the 
patient, the surgeon, 
and the assistant.

Vena mesenterica superior

Duodenum

Caput pancreatis

Fig. 2. Position of the trocars.

Fig. 3. Exposed superior mesenteric vein as a landmark to visualize the portal 
vein.
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to severe bleeding and consecutive conversion to laparotomy. After exposition 
of this branch a ligation with an ultrasonic dissector can easily be done. All other 
mentioned steps are performed in avascular planes and can therefore be carried 
out with bipolar scissors. As shown in figure 3, the medial colic vein and the su-
perior mesenteric vein are displayed after a complete mobilization of the trans-
verse mesocolon. Both of them are used as a guide to reach the portal vein, 
which is then mobilized along the posterior surface of the pancreas up to the ve-
nous confluence. This can be done with scissors. Any electrocoagulation should 
be avoided due to thermic lesions of the venous wall which can also lead to 
emergency conversion. Finally, it is important to state that mobilization of the 
portal vein can only be done after preparation of the hepatoduodenal ligament.

The splenic vein is then mobilized laterally, starting from the venous conflu-
ence. Here, the difficulty in dissection arises from small vulnerable branches 
leading to the body and tail of the pancreas. As for the portal vein, electrocoagu-
lation should be strictly avoided, too, and the same also applies to ultrasonic 
dissection. Isolation of single branches should only be performed by scissors 
and grasping forceps. These are consecutively ligated with titanic clips and dis-
sected as shown in figure 4. The smallest uncontrolled lesion on these vessels 
would result in a significant loss of overview. Subsequently, the splenic artery is 
dissected, beginning on the upper margin of the pancreas. To avoid severe 
bleeding, preparation should be performed according to the previous para-
graph. If adequate distance to venous structures is ensured, electrocoagulation 
may be used. The mobilization to the splenic hilum can be carried out from ei-
ther the upper or the lower edge of the pancreas. The mobilization of the pancre-
atic tail beginning at the splenic hilus starts with its preparation from the retro-
peritoneum on the level of Gerota’s fascia up to the ventrally exposed splenic 
vessels. The preparation of the pancreatic tail from the hilus is unproblematic 
because the splenic artery and splenic vein show no branches in this area. It is 
important to consider that the spleen can have multiple hila. This variant of pe-
ripheral segmentation of the splenic vessels has to be kept in mind during prepa-
ration. The fat body located between the pancreatic tail and the spleen contains 
lymph nodes and therefore has to remain with the histological specimen.

Pylorus-Preserving Exposure and Mobilization of the Pancreatic Head and 
the Duodenum
In the previous step, the portal vein was exposed from the middle colic vein 

and mobilized up to the venous confluence from the lower surface of the pan-
creas. The head of the pancreas is then mobilized using the Kocher maneuver. 
This is carried out by first exposing the aorta, dorsally undergoing the hepa-
toduodenal ligament, and then partially opening the peritoneum of the duode-
nojejunal flexure.

In our approach, the dissection includes the hepatoduodenal ligament. As 
shown in figure 5, this step exposes the portal vein, the common bile duct, and 
the gastroduodenal artery. After the exposition of these landmarks, a lymphad-
enectomy is done to the right and left side of the hepatic artery until the upper 
edge of the pancreatic head. Even in this step only bipolar scissors and grasping 
forceps are used. Only for the right gastric artery the application of the ultra-
sonic dissector is recommended. The assistant has to enable sufficient traction 
in the operating area by tearing at the gallbladder. After the dissection of the right 
gastric artery, a small orifice in the region of the lesser omentum opens up. This 
can be used as a landmark for further postpyloric mobilization. If this vessel is 
not to be exposed, further adhesions between the anterior pancreatic surface 
and the posterior wall of the stomach need to be dissected. After the separation 
of the gastroepiploic artery and gastroepiploic vein as well as its ligation with 
Lapro Clips 12 mm (Covidien®, Neustadt/Donau, Germany), a circular postpy-
loric mobilization of the duodenum is possible. The mobilization of the duode-
num is carried out close to the upper margin of the pancreas. Small vessels in 
this area are ligated with the help of an ultrasonic dissector. A distance of 2–3 
cm guarantees a pylorus-preserving re-anastomosis after a postpyloric division 
of the stomach with the help of a GIA (fig. 6). The dissection is performed with 
a bendable Endo GIA (Echelon Flex, Endopath Stapler®; Johnson & Johnson 
Medical GmbH, Ethicon Deutschland, Norderstedt, Germany) which facilitates 
the adaption to the given anatomy. The mobilized stomach is then retracted on 
to left upper abdomen.

V. lienalis

Corpus pancreaticus

Fig. 4. Dissection of the small branches from the splenic vein to the body and 
tail of the pancreas.
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Fig. 5. Dissection of the hepatoduodenal ligament.
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A. V. gastroepiploica after division

Fig. 6. Postpyloric division of the stomach.
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The mobilization of the first jejunal loop is carried out by first displacing the 
transverse colon superiorly. The already divided peritoneum of the duodenoje-
junal flexure during the Kocher maneuver is now completely incised. Typically, 
the first loop is divided 15–20 cm distal to the flexure using an Endo GIA. The 
mesentery of the proximal oral end is divided as close to the intestinal wall as 
possible, using an ultrasonic dissector to prevent a compromise in the blood 
supply of the aboral loop. An additional ligation of the gastric margin vessels 
with clips is not necessary. The oral loop is then shifted to the right by dividing 
the peritoneum. The retraction of the transverse colon to the lower abdomen 
completes the circular mobilization of the pancreatic head.

The actual dissection of the pancreatic head begins with the division of the 
gastroduodenal artery, which was already exposed during the preparation of the 
hepatoduodenal ligament. The artery is ligated with two 12 mm Lapro Clips 
proximally and one 12 mm Lapro Clip distally. The common bile duct, which is 
found in the caudal direction, is temporarily closed with a Lapro Clip 12 mm 
and dissected. Further on, the also already exposed portal vein is mobilized in a 
circular fashion. The previous mobilization of the pancreatic corpus and tail al-
lows its displacement to a ventrolateral direction and therefore facilitates this 
step significantly. Starting from the lower margin of the pancreas, perforating 
branches are exposed by bipolar scissors and grasping forceps. These very flat 
and short venous branches require subtle preparation and permit no other in-
struments than mentioned above. Because of a tiny plane between the pancreas 
and the veins the preparation can be done by carefully spreading the scissors. 
Electrocoagulation should be avoided. All branches are ligated in central and 
peripheral direction with a Lapro Clip 12 mm and a Titan Clip 5 mm (fig. 7). 
The application of clips of different length provides additional safety in broad 
discharging veins.

The further preparation of the uncinate process is performed in a caudo-
cranial direction. This requires a sufficient mobilization of the pancreatic head 
during the Kocher maneuver. Here, the ultrasonic dissector can be used. In 
order to avoid a lesion of the root of mesentery, preceding ultrasonic identifica-
tion is recommended. Furthermore, a lesion or impairment of the autonomic 
plexus near the superior mesenteric artery can thus be avoided (fig. 8).

In our approach, the traction applied on the gallbladder and the retraction 
of the liver are maintained until the completion of this step. After a typical ante-
grade mobilization of the gallbladder, the common bile duct is divided close to 
its junction with the cystic duct.

Removal of the Resected Segment and Reconstruction through Small Median 
Laparotomy
After the completion of the preparatory phase, the specimen is then re-

moved through a small, 7-cm upper abdominal median laparotomy. This is fol-
lowed by a reconstruction with the already prepared free loop. The choledocho- 
and gastrojejunostoma is then carried out in an end-to-side anastomosis. An 
Easy-Flow drainage is then placed in the former pancreatic bed.

Results
The total operative time was 391 min. Blood loss accounted for 250 ml. The 

postoperative course was uneventful. Histology revealed the following findings: 
three diffusely distributed glucagon- and polypeptide-producing NET (G1), 1.5 
cm in size with infiltration of the surrounding peripancreatic fat and soft tissue, 

in different areas of the pancreas, extending up to the edge of the pancreas with 
formation of a connective tissue pseudocapsule (fig. 9). A lymph node metasta-
sis of a NET, G2, measuring 2–2.5 cm, gastrin-producing and without any evi-
dence of an extranodal carcinoma, was recovered on the upper margin of the 
head of the pancreas.

A postoperative laboratory parameter control on the sixth postoperative day 
showed the following findings: chromogranin A 107 μg/l and gastrin 54 ng/l. 
The postoperative exo- and endocrine pancreatic insufficiency was treated with 
the administration of Pangrol 20,000 2-2-2 and Protaphane 6-0-6 IE as well as 
with a short-acting insulin depending on the requirement (target value 120 mg/
dl). The postoperative diet advancement was rapid. The glycemic control was 
also uneventful. The patient was discharged on the eighth postoperative day.

Discussion

In contrast to other methods, such as the open low anterior re-
section of the rectum, there is a significant discrepancy between the 
size of the surgical wound and the surgical specimen that is re-
moved during the operation [8, 9]. Hence, laparoscopic pancreatic 
surgery could lead to a reduced intraoperative dysregulation of cat-
echolamines or a reduced compromise of the immune system. In 
addition, possible complications seen in open procedures, such as 
adhesions or incisional hernias in the long term, could be reduced 
[10]. The complexity of the anatomy and thus the necessary exper-

Corpus pancreaticus

side branchVena portae

Corpus pancreaticus

Caput pancreaticus
Fig. 7. Mobilization 
of the portal vein.

V. portae

A. gastroduodenalis

Processus uncinatus

V. cava

side branch

Fig. 8. Caudo-cranial dissection of the uncinate process.
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tise of the surgical team have resulted in a prolonged learning 
curve and a limited appeal of pancreatic laparoscopic surgery. 
However, the increasing number of publications on the subject 
shows the feasibility of laparoscopic resection of the pancreas [11]. 
The development of laparoscopic pancreatic surgery is a perfect ex-
ample of the increasing complexity of laparoscopic procedures. As 
with other operations, the primary aim of laparoscopic surgery was 
to clarify the operability and the determination of tumor stage [12]. 
The improvement of the technical equipment and the increasing 
sophistication of the operators allow the progressive development 
of such extensive procedures.

The technical requirements include laparoscopic ultrasonogra-
phy with duplex sonography, tissue dissection by using ultrasound 
or thermocauterization, and visualization in HD quality. Laparo-
scopic ultrasound allows the localization and planning of resection, 
thus displaying small structures such as the blood supply in the re-
gion of the tail of the pancreas, and thereby ensures a secure blood 
supply [13]. As with other major laparoscopic procedures, no spe-
cial instruments or equipment are required to carry out the tech-
nique of LDP described above.

The increasing expertise of the operators is reflected in both the 
quantity and the quality of resective procedures in pancreatic sur-
gery. Enucleations and left pancreatic resections are now part of 
the standard laparoscopic procedure [14], even though spleen-pre-
serving left pancreatic resection through the venous branches of 
the splenic artery from the tail of the pancreas is a considerable 
challenge [15]. Since the beginning of the last decade, surgery of 
the pancreatic head is increasingly being performed laparoscopi-
cally. However, a standardized procedure has not yet been estab-
lished [16, 17].

Total pancreaticoduodenectomy is a combination of resection 
of the head and body of the pancreas as well as of the tail of the 
pancreas. Gagner and Pomp [18] first published a laparoscopic 
pylorus-preserving pancreaticoduodenectomy in 1994. However, 
only sporadic reports on laparoscopic total pancreaticoduodenec-
tomy were published by a few centers [18]. In a review by Gumbs 
et al. [19] from 2011, a total of 285 cases of laparoscopic pancrea-
tectomy were reported. This shows that the laparoscopic technique 
is increasingly being favored for this procedure as well. The rare 
indications for total pancreatectomy may possibly be mentioned as 

limiting factors. As in the presented case, the indications are 
mainly NETs or intraductal papillary mucinous neoplasms [20, 
21]. The complete loss of endocrine and exocrine function of the 
pancreas means that the indication has to be carefully made. The 
preoperative localization of multilocular NETs in the pancreas, the 
required tumor safety margin of 2–3 cm, and the MEN 1 in the 
duodenum with multiple small gastrinomas were deciding factors 
for the indication for a total duodenopancreatectomy. Histological 
examination with evidence of multilocular NETs in the pancreas 
and duodenum as well as the corresponding lymph node metasta-
sis confirmed this.

The rare indication for such a procedure results in a lack of a 
specific learning curve for a possible laparoscopic procedure. Thus, 
training in this procedure can only be indirectly achieved by means 
of experience in laparoscopic surgery and particularly experience 
in the resection of the head and tail of the pancreas.

In contrast to subtotal pancreatectomies, due to the rare indica-
tion, there are no randomized controlled trials comparing the ad-
vantages and disadvantages of the open and laparoscopic approach 
of LDP. Possible benefits of the laparoscopic procedure could only 
be indirectly deducted from studies concerning subtotal pancrea-
tectomies. The meta-analysis by Venkat et al. [21] comparing lapa-
roscopic versus open left pancreatectomy showed a shortened hos-
pital stay and a reduced morbidity in case of laparoscopic total du-
odenopancreatectomy. Kim et al. [22] as well as Asbun and Stauffer 
[23] were able to confirm this. The blood loss at <250 ml was also 
minimal. In particular, the injury to the small branches of the 
splenic vein and the portal vein can lead to significant blood loss 
and require a conversion [24, 25]. The preservation of the meta-
bolic and immunological function of the spleen appears to be fa-
vorable. Moreover, splenectomy is associated with a higher num-
ber of postoperative complications such as overwhelming post-
splenectomy infection (OPSI) syndrome, abscess, or portal hyper-
tension [26, 27]. We do not believe that the segmental resection of 
the vessels, as described by Warshaw [27], is a favored method. 
Complications such as bleeding and infarction of the spleen are the 
known complications of this approach [28]. The careful dissection 
of the vessels is associated with a further extension of the operation 
time. Dallemagne et al. [28] reported a mean operative time of 500 
min. The extension of the operation time by this group can best be 

Fig. 9. a Operation specimen and b sagittal  
cut of an intrapancreatic NET fixed in formalin.
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The shortened hospital stay and the fewer long-term complica-
tions versus longer operative time and higher equipment costs 
when compared with the open procedure will remain a controver-
sial aspect in future discussions.

Conclusion

In selected cases, laparoscopic pylorus- and spleen-preserving 
total duodenectomy is a minimally invasive therapeutic option. 

The flat learning curve of the procedure, however, precludes a 
higher level of expertise for the surgery. The advantages associated 
with a laparoscopic procedure are in favor of this procedure. The 
rare indication for this procedure will probably be the reason for 
not being standardized in the near future.
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