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INTRODUCTION

Laparoscopy has been used routinely by general 
surgeons for the last two decades. However, laparo-
scopic pancreatic operations developed slowly, due 
to the anatomic complexity, retroperitoneal location, 
and high post-operative morbidity due mainly to the 
digestive enzyme-rich secretions it produces(5, 6, 7, 11, 19). 
Nevertheless, laparoscopic pancreatic resection has 
been increasingly used for the last decade and more 
complex operations such as pancreaticoduodenec-
tomy were being progressively added to the surgical 
armamentarium(9, 16).

Our experience with laparoscopic pancreatic re-
section began in 2001(13). During initial experience, 
laparoscopy was reserved for selected cases with 
benign or low grade neoplasms. Main procedures 
were laparoscopic enucleations and resection of 
distal pancreas. With increasing experience and 
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development of  new instruments more complex lap-
aroscopic procedures were performed such as total 
pancreatectomy, left pancreatectomy with spleen 
preservation, resection of  uncinate process(15) and 
pancreatoduodenectomies(16). The aim of  this paper 
was to review our experience with laparoscopic pan-
creatic resection over 11-year period.

METHODS

A retrospective review of  a prospectively main-
tained database was performed. All patients who un-
derwent laparoscopic pancreatic resection from 2001 
through 2012 were identi!ed. Descriptive data were 
collected. Preoperative variables included age, gender, 
and indication for surgery. Intraoperative variables 
included operative time, bleeding, blood transfusion. 
Diagnosis, tumor size, margin status were determined 
from !nal pathology reports. Pancreatic !stula was 
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assessed and graded according to the International Study 
Group on Pancreatic Fistula recommendations(3).

Preoperative assessment
A variety of  imaging modalities were used for assess-

ing pancreatic lesions, including ultrasonography (US), 
computed tomography (CT), magnetic resonance imaging, 
endoscopic US. The use of  relevant clinical information 
and key radiologic features was essential for con!dent le-
sion characterization and differentiation and therefore for 
surgical planning(1). Preoperative workup included MR and 
endoscopic US in the majority of patients (Figure 1).

Majority of  patients underwent distal pancreatectomy 
with or without spleen preservation (Figure 2c), 18 under-
went pancreatic enucleation (Figure 2a), 7 pylorus-preserving 
pancreatoduodenectomies (Figure 3), 2 pylorus-preserving 
total pancreatectomies (Figure 2d). Table 1 shows patient 
distribution according to the type of laparoscopic resection. 
Reconstruction of the pancreatic remnant after central resec-
tion (Figure 4) or after pancreatoduodenectomy (Figure 3), 
was performed with Roux-en-Y end-to-side pancreatojeju-
nostomy. Reconstruction of the alimentary tract after pylorus 
preserving pancreatoduodenectomy was performed using 
double jejunal loop according published technique(16, 17). Five 

FIGURE 1. Preoperative imaging assessment
a) Magnetic resonance cholangiopancreatography shows a large cystic 

tumor in the head of the pancreas. Relationship with main pancreatic 
duct is observed.

b) Magnetic resonance imaging detected a small tumor and shows its 
proximity with the main pancreatic duct.

c) Endoscopic ultrasound showed neuroendocrine cystic tumor of the 
neck of the pancreas. This patient underwent central pancreatectomy.

d) Endoscopic ultrasound showing intraductal papillary mucinous tumor 
with a malignant tiny nodule in the uncinate process of the pancreas.

RESULTS

Since 2001, 96 patients underwent laparoscopic pancre-
atectomy. Median age was 55 years old (range 20-77 years). 
Sixty patients were female and 36 male. In 88 (91.6%) the 
procedures were performed totally by laparoscopy; 4 (4.2%) 
needed hand-assistance, 1 (1%) robotic assistance. Three 
(3.1%) patients were converted to laparotomy, two for bleed-
ing and one for technical dif!culties (portal vein invasion). 
Four (4.2%) patients needed blood transfusion. Operative 
time varied according the type of operation. Mortality was 
nil but morbidity was high, mainly due to pancreatic !stula 
(28.1%). However, most cases (85.2%) were grade A. Three 
patients needed readmission, one for incarcerated trocar her-
nia that was resolved surgically and two needed percutaneous 
drainage of  peripancreatic collection. One patient needed 
late reoperation for persistent pancreatic !stula 6 months 
after initial operation.

FIGURE 2. Laparoscopic pancreatic resections
a) Intraoperative view of enucleation of a neuroendocrine tumor at the 

body of the pancreas.
b) Intraoperative view of resection of the uncinate process of the pancreas 

containing a Frantz tumor.
c) Overview after distal pancreatectomy with preservation of the splenic 

vessels and spleen.
d) Intraoperative view after pylorus-preserving total pancreatectomy with 

preservation of the splenic vessels and spleen.

FIGURE 3. Laparoscopic pylorus-preserving pancreato-duodenectomy 
with double jejunal loop reconstruction

a) Schematic drawing of the technique for reconstruction after pylo-
rus-preserving laparoscopic pancreatoduodenectomy.

b) Intraoperative view of end-to-side pancreato-jejunostomy.
c) Intraoperative view of end-to-side hepatico-jejunostomy.
d) Intraoperative view of end-to-side duodeno-jejunostomy.
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patients underwent laparoscopic resection of the uncinate 
process (Figure 2b). There was a progressive number of lap-
aroscopic pancreatectomy along the period of study towards 
less patient selection (inclusion of  malignancy) and more 
proximal resections (pancreatoduodenectomy). Some patients 
with malignant tumors with known portal vein proximity or 
lateral invasion were operated using hand assistance (Figure 5).

Most patients underwent laparoscopic pancreas resection 
for benign or low grade neoplasms. Thirty-six (37.5%) pa-
tients were operated on for pancreatic cystadenomas, 28 for 
neuroendocrine tumors (all of them with low grade – G1), 
19 for intraductal papillary mucinous neoplasm (IPMN). 
One patient was operated on for pancreatic metastasis from 
renal cancer and one for chronic pancreatitis. Table 2 shows 
patient distribution according indication of  laparoscopic 
pancreatic resection.

TABLE 1. Patient distribution according type of laparoscopic 
pancreatic resection  

Type Patients n. %

Distal pancreatectomy (DP) 49 51,0

Enucleation 18 18,8

Spleen-preserving DP 12 12,5

Pancreatoduodenectomy 7 7,3

Uncinate process resection 5 5,2

Central pancreatectomy 3 3,1

Total pancreatectomy 2 2,1

Total 96 100,0

FIGURE 4. Laparoscopic central pancreatectomy with Roux-en-Y 
pancreato-jejunostomy

a) Schematic drawing of the technique used for central pancreatectomy 
and reconstruction.

b) Neck of the pancreas is divided with stapler near head of the pancreas.
c) Pancreas is divided with stapler, removing pancreatic neck.
d) Intraoperative view of end-to-side pancreato-jejunostomy.

FIGURE 5. Laparoscopic hand-assisted subtotal pancreatectomy with 
partial resection of the spleno-mesenteric junction

a) Schematic drawing of the technique used for subtotal pancreatectomy.
b) Intraoperative view of trocar positions and hand port.
c) Spleno-mesenteric venous junction is invaded by the tumor (small 

arrows). Future line for section removing part of portal vein (lateral 
resection) is show (continuous line).

d) Final view after subtotal pancreatectomy. Note that part of the pan-
creatic head was removed. Portal vein (PV) was divided with stapler.

TABLE 2. Patient distribution according indication for laparoscopic 
pancreatic resection

Disease Patients n. %

Cystadenomas 36 37,5

NET 28 29,2

IPMN 19 19,8

Adenocarcinoma 9 9,4

Frantz tumor 2 2,1

Other 2 2,1

Total 96 100,0

NET: Neuroendocrine tumor; IPMN: Intraductal papillary mucinous neoplasm

DISCUSSION

Laparoscopic pancreatic surgery has experienced signi!-
cant development in the last few years. The majority of pro-
cedures are left pancreatectomy and enucleations(5, 6, 7, 10, 11, 19). 
More complex pancreatic resections such as pancreatoduo-
denectomies(2, 16, 18), resections of uncinate process of the pan-
creas(15, 21) and central pancreatectomies(20) were performed 
routinely in very few centers.

Patient selection for laparoscopic pancreatic resection 
includes consideration of  comorbidities, tumor size and 
location, and presumed pathology. As experience with lap-
aroscopy has increased, selection criteria have broadened, 
with inclusion of  patients with increased comorbidities 
and larger, more medial tumors and more proximal tumor 
location(7, 11, 16). Despite a shift in patient selection to sicker 
patients with more proximal tumors, similar perioperative 
outcomes were achieved(11, 19). Our experience with laparo-
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scopic pancreatic resections began in 2001 with distal pan-
createctomy(13). Similarly as occurred with other authors, 
improvement of  our expertise in advanced laparoscopic 
surgery has allowed us to perform more complex operations 
such as central pancreatectomies, pancreatoduodenectomy 
and resection of  uncinate process and in patients with co-
morbidities and with overt malignant neoplams.

Laparoscopy has become a less invasive alternative to 
pancreatic surgery, but recent imaging advances resulted 
in proper preoperative anatomic evaluation that was es-
sential for surgical planning. The ability of  appropriate 
identi!cation and location of  the lesion, distance from the 
main pancreatic duct and relationship to adjacent organs 
and vessels made the procedure safer. Magnetic resonance 
imaging using equipment with higher magnetic !elds and 
gradient greatly improved the quality and detail of  the im-
ages(12, 22). Accurate diagnosis can be challenging, and use 
of  a multimodality approach, using magnetic resonance 
cholangiopancreatography combines the strengths of  in-
dividual imaging modalities and has a synergistic effect in 
improving diagnostic yield. Such an approach is of  special 
importance in equivocal or complex cases(12, 22).

Endoscopic ultrasound has also been included in our 
preoperative assessment in the more recent cases. Information 
such as major vessel encasement and invasion of peripan-
creatic adjacent tissue were determinant to contraindicate 
minimally invasive technique as an oncologic operation. 
Other information, such as study of pancreatic cyst liquid, 
may contraindicate useless operation in cases of serous cysta-
denoma or be diagnostic in cases of mucinous or malignant 
cystic tumors. Biopsy of the pancreatic lesion may also be 
essential in dif!cult cases to con!rm neoplastic origin of 
some unspeci!c pancreatic tumors(22).

Laparoscopic distal pancreatectomy with or without 
spleen preservation has become a gold standard in the 
last years. Based on the available data, laparoscopic distal 
pancreatectomy have adequate safety pro!les, equivalent 
or better perioperative outcomes, and noninferior onco-
logic outcomes(11, 19). The same is true for laparoscopic 
enucleations(5).

In special cases when tumor is located in the neck of the 
pancreas, the ideal operation is central pancreatectomy. Con-
sidering long-term functional results, central pancreatectomy 
is an effective technique to preserve pancreatic function(4, 23). 
In a comparative study, the outcomes after central pancre-
atectomy (100 cases) were compared with a control group (45 
patients) that underwent extended left pancreatectomy for 
neoplasms in the mid pancreas(4). After a median follow-up 
of  54 months, the incidences of  endocrine and exocrine 
insuf!ciency after central pancreatectomy were 4% and 5%, 
respectively, compared to 38% and 15.6% in patients who 
underwent extended distal pancreatectomy. Laparoscopic 
resection of the neck of the pancreas or of any segment in 
the middle of  the pancreas is not dif!cult. However it en-
tails reconstruction of the main pancreatic duct which may 
dif!cult and sometimes hazardous laparoscopically(20). The 
popularity of  laparoscopic left pancreatectomy certainly 

reduced the number of  patients undergoing laparoscopic 
central pancreatectomy. However this is made at expense of 
endocrine and exocrine de!ciency that extended left pancre-
atectomy may produce. For benign or low grade neoplasms, 
left pancreatectomy may remove too much functioning pan-
creatic parenchyma. Due to this fact, in cases with tumor in 
the neck of the pancreas our procedure of choice is central 
pancreatectomy with Roux-en-Y pancreatojejunostomy.

Another important pancreas sparing technique is resection 
of uncinate process of the pancreas. Although it is a highly 
anatomic technique there are very few papers dealing with 
laparoscopic resection of the uncinate process. We where the 
world’s !rst to perform this complex opera tion(15) laparosco-
pically and we were followed by other authors with elegant 
modi!cation of the original technique(21). It can and should be 
used in cases where the tumor is located in the uncinate process 
of the pancreas and where the main duct is at a safe distance 
from the tumor. In this setting it is essential to preoperative 
evaluate the patient with magnetic resonance cholangiopan-
creatography and endoscopic ultrasound. These imaging 
findings should be further confirmed with intraoperative 
ultrasound. If this workup is correctly performed, we can use 
this technique instead of pancreatoduodenectomy in patients 
with benign or low grade malignant neoplasms.

Laparoscopic pancreatoduodenectomy was first per-
formed in 1992(8) but for a long period of time has been rarely 
performed and by a reduced number of surgeons given the 
dif!culty level of the procedure. However, there is a growing 
interest in this type of  surgery lately, and the number of 
procedures is rapidly increasing. In a recent review of  all 
published cases, 285 cases were found(9). According to this 
review, overall mortality was 2%, and the morbidity rate was 
48%. Pancreatic !stulas from pancreatic anastomosis are the 
most common factor responsible for the high morbidity and 
mortality after both open and laparoscopic pancreatoduo-
denectomy. Due to this fact we idealize the use of a double 
jejunal loop reconstruction to avoid or minimize the effects of 
pancreatic !stula, as occurred in open three decades ago(16, 17).

The use of hand-assistance was necessary in malignant 
cases where dif!culty of dissection of the spleno-mesenteric 
junctions was expected bases upon preoperative imaging 
(Figure 5). This was a previous contraindication for the lapa-
roscopic approach but the development of hand port devices 
made this operation possible. Hand assistance was also used 
as a step before a conversion in cases of technical dif!culties.

Another recent point of discussion is the use of robotic 
assistance in laparoscopic pancreatic resection. Although 
we have performed the !rst robotic pancreatectomy in Lat-
in America(14) in 2008, we did not !nd any advantage over 
standard laparoscopic pancreatectomy. We believe that given 
the higher costs this aid should be reserved for more complex 
operations.

Laparoscopic resection of the pancreas is a reality. How-
ever, no adaptation of laparoscopic technique should be done 
at expense of  surgical and oncologic principles. Adequate 
margins of resection and lymph node harvest should be a 
priority in malignant cases. Pancreas sparing techniques, 
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RESUMO - Contexto - Nossa experiência com ressecção pancreática laparoscópica começou em 2001. No início, a laparoscopia esteve reservada para 

casos selecionados. Com o aumento da experiência, procedimentos mais complexos, como pancreatectomia central e pancreato duodenectomia, 

foram realizadas por laparoscopia. Objetivos - O objetivo deste trabalho foi rever a experiência de 11 anos com ressecção pancreática laparoscópica. 

Métodos - Foram analisados todos os pacientes submetidos à ressecção pancreática laparoscópica entre 2001 e 2012 e incluídos dados pré-operatórios 

como idade, sexo e indicação cirúrgica, bem como variáveis intra-operatórias como o tempo operatório, o sangramento e transfusão. O diagnóstico 

!nal, o tamanho e a margem foram determinados a partir dos laudos anatomopatológicos. Resultados - Desde 2001, 96 pacientes foram submetidos 

à pancreatectomia laparoscópica. A média de idade foi de 55 anos. Foram 60 homens e 36 mulheres. Oitenta e oito (91,6%) operações foram real-

izadas por laparoscopia e quatro (4,2%) necessitaram de auxílio da mão e uma robótica. Três pacientes foram convertidos. Quatro necessitaram de 

transfusão de sangue. O tempo operatório variou de acordo com tipo de operação. A mortalidade foi nula, mas a morbidade foi alta, principalmente 

devido à fístulas pancreáticas (28,1%). Sessenta e um pacientes foram submetidos à pancreatectomia distal, 18 à enucleação do pâncreas, 7 à duode-

nopancreatectomia com preservação de piloro, 5 à ressecção do processo uncinado, 3 centrais e duas pancreatectomias totais. Conclusão - Ressecção 

laparoscópica do pâncreas é uma realidade. Técnicas que preservam o parênquima, como enucleação, ressecção do processo uncinado e pancreatec-

tomia central, devem ser usadas para evitar insu!ciência exócrina e/ou endócrina. Duodenopancreatectomia laparoscópica é operação segura, mas 

deve ser realizada em centros especializados e por cirurgiões laparoscópicos adequadamente treinados.

DESCRITORES – Pancreatectomia. Pancreaticoduodenectomia. Laparoscopia.

such as enucleation, resection of uncinate process and cen-
tral pancreatectomy, should be used to avoid exocrine and/
or endocrine insuf!ciency that could be detrimental to the 
patient’s quality of life, especially for benign or low-grade 
malignant neoplasm.

CONCLUSION

Laparoscopic pancreatic resection is a safe operation but 
should be performed in specialized centers by highly skilled 
laparoscopic surgeons.


