
due to consistent perioperative morbidity and mortality. 
Furthermore, the oncological long-term results are 
largely disappointing, even for those patients who 
experience an uneventfully hospital stay. Nevertheless, 
surgery still remains the cornerstone of a multidi
sciplinary treatment for pancreatic cancer. In order to 
maximize the benefits of surgery, the advent of both 
laparoscopy and robotics has led many surgeons to 
treat pancreatic cancers with these new methodologies. 
The reduction of postoperative complications, length 
of hospital stay and pain, together with a shorter 
interval between surgery and the beginning of adjuvant 
chemotherapy, represent the potential advantages over 
conventional surgery. Lastly, a better cosmetic result, 
although not crucial in any cancerous patient, could also 
play a role by improving overall well-being and patient 
self-perception. The laparoscopic approach to pancreatic 
surgery is, however, difficult in inexperienced hands 
and requires a dedicated training in both advanced 
laparoscopy and pancreatic surgery. The recent large 
diffusion of the da Vinci® robotic platform seems to 
facilitate many of the technical maneuvers, such as 
anastomotic biliary and pancreatic reconstructions, 
accurate lymphadenectomy, and vascular sutures. The 
two main pancreatic operations, distal pancreatectomy 
and pancreaticoduodenectomy, are approachable by a 
minimally invasive path, but more limited interventions 
such as enucleation are also feasible. Nevertheless, a 
word of caution should be taken into account when 
considering the increasing costs of these newest 
technologies because the main concerns regarding 
these are the maintenance of all oncological standards 
and the lack of long-term follow-up. The purpose of 
this review is to examine the evidence for the use of 
minimally invasive surgery in pancreatic cancer (and 
less aggressive tumors), with particular attention to the 
oncological results and widespread reproducibility of 
each technique.

Key words: Pancreatic cancer; Pancreatic adenocar
cinoma; Neuroendocrine pancreatic tumors; Laparo
scopic; Robotic; Da Vinci
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Abstract
Pancreatic surgery for malignancy is recognized as 
challenging for the surgeons and risky for the patients 
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Core tip: Laparoscopic and robotic surgeries for pan
creatic cancer are very promising for reducing the 
frequent complications that occur after open surgery. 
Nevertheless, the oncologic long-term results remain 
the cornerstone of any procedure. Most of the studies 
revealed a lack of evidence for long-term benefits and 
few comparisons with alternative options.

Bencini L, Annecchiarico M, Farsi M, Bartolini I, Mirasolo 
V, Guerra F, Coratti A. Minimally invasive surgical approach 
to pancreatic malignancies. World J Gastrointest Oncol 2015; 
7(12): 411-421  Available from: URL: http://www.wjgnet.
com/1948-5204/full/v7/i12/411.htm  DOI: http://dx.doi.
org/10.4251/wjgo.v7.i12.411

INTRODUCTION
The actual incidence of pancreatic cancer [(pancreatic 
ductal adenocarcinoma (PDAC)] is not high worldwide, 
ranging from 1 to 9 new cases per 100000 inhabitants. 
Unfortunately, the reported mortality is almost equiva­
lent to the incidence, illuminating the high number of 
affected patients who will die within a few months of the 
diagnosis[1] (Figure 1). 

The best chance for a cure is still represented by 
a curative surgical resection[2]. Other pre-neoplastic 
lesions [i.e., intraductal papillary mucinous neoplasm 
- (IPMN)] and borderline neuroendocrine tumors often 
require a resection via a surgical approach[3,4].

Despite the histologic subtype, neoplasms growing 
in the pancreas can be managed through a minimally 
invasive approach, but the widespread adoption of 
such techniques is still limited. According to a large, 
nationwide, American database, only less than 5% of 
hepato-bilio-pancreatic procedures were reported to be 
carried out by a minimally invasive approach[5].

There is a myriad of possible explanations for 
the limited use of minimally invasive surgery (MIS) 
compared to other approaches. Firstly, the major 
pancreatic surgeries [i.e., pancreaticoduodenectomy 
(PD)] require multiple complex reconstructions, with a 
high incidence of severe post-operative complications. 
Simpler resections [i.e., distal pancreatectomy (DP) 
or enucleation] can bring with them the development 
of life-threatening fistulas or postoperative severe 
pancreatitis.

Moreover, an important group of published studies 
demonstrated a subspecialized training among surgeons 
as well as a caseload centralization, drastically reduced 
mortality and failure to rescue after a life-threatening 
complication occurred[6-8]. Similarly, the need for ad­
vanced laparoscopic or robotic skills requirements and 
expensive technical facilities required for minimally 
invasive pancreatic surgery is reserved to only a few 

subspecialized centers[9]. Lastly, the oncologic accuracy, 
rather than the feasibility, remains the cornerstone of 
pancreatic surgery for cancer[10]. 

However, the poor oncologic prognosis of patients 
affected by PDAC represents an important incentive to 
adopt some minimally invasive operation that is able 
to minimize the perioperative morbidity and mortality. 
Indeed, the traditional benefits of MIS over open 
surgery are the reduction of pulmonary complications, 
infections, pain, length of stay and cosmetic result. Many 
researchers confirmed the utility of MIS in decreasing 
the pro-inflammatory and immunologic response to 
surgical trauma that is associated with a superior onco­
logic result[11,12]. 

Interestingly, a survey within patients and medical 
personnel found some preference towards laparoscopic 
procedures when dealing with pancreatic benign disease 
and a preference towards open surgery in cases of 
cancer[13]. Nevertheless, most of the minimally invasive 
pancreatic procedures failed to reach a sufficient level of 
evidence-based efficacy to enable a routine application.

The aim of this review was to focus on the MIS 
(laparoscopy, robotic, hybrid) to manage malignancies 
and borderline neoplasms arising from the pancreas. 
Endoscopic and percutaneous maneuvers, although 
recognized as a great help when dealing with pancreatic 
neoplasms, did not represent the core of the article and 
were treated marginally.

A web-based search of MEDLINE (through PubMed 
and Ovid) and Cochrane databases was updated to April 
2015. Many cross-matched manual references were 
also included. Randomized controlled clinical trials (RCTs) 
or meta-analyses were considered a priority. Data 
arising from more recent, English-written, multi-centric, 
international studies and those with long-term follow-
up and oncologic results were also considered of major 
interest. 

MINIMALLY INVASIVE PD
PD is a highly demanding surgical operation, even in 
the hands of skilled surgeons with specific training. The 
most challenging steps include pancreatic, biliary and 
gastroenteric reconstructions that can lead to leakages, 
perioperative complications and mortality. Most of 
these operations are carried out to treat malignancy, 
although more restrictive indications could be IPMN, 
neuroendocrine tumors or borderline lesions.

As in other gastrointestinal districts, many efforts 
have been made to limit the destructive impact of this 
kind of surgery through a minimally invasive approach. 

Gagner et al[14] described the first laparoscopic PD 
(LPD) in 1994, but less than 500 operations have been 
reported in the literature since then[15-18] due to many 
unresolved issues. 

First of all, the limited incidence of pancreatic 
tumors compared to colorectal cancer reduced the 
number of the centers with sufficient caseload. Second, 
the reconstructive steps and the vascular dissection 
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are very complex and difficult to be achieved by the 
laparoscopic route whereas the benefits are still under 
discussion. 

Croome et al[19] in a recent paper comparing 108 
LPD and 214 open PD (OPD) cases well matched for 
pathologic parameters, reported a shorter length of 
hospital stay in the LPD group (6 d vs 9 d, P < 0.001). 
The other perioperative outcomes, including leakages, 
were similar. Interestingly, the authors found an earlier 
starting of adjuvant therapy and a longer progression-
free survival in the LPD patients, although the overall 
survival was similar between the two groups. From 
a speculative point of view, the prolonged interval 
between surgery and the beginning of adjuvant chemo­
therapy may affect the overall survival.

Conversely, Dokmak et al[20] retrospectively com­
pared 46 LPD to 46 OPD cases, matched for demo­
graphic data, associated comorbidities, and underlying 
disease. Patients in the laparoscopic group had a lower 
BMI, a softer pancreas, longer operating time (342 min 
vs 264 min; P < 0.001), more grade C pancreatic 
fistula (PF) (24% vs 6%; P = 0.007), bleedings (24% 
vs 7%; P = 0.02), and revision surgery (24% vs 11%; 
P = 0.09). According to these results, the authors 
concluded that LPD was not to be recommended on a 
routine basis.

In one updated review by Boggi et al[21] including 
25 selected articles, a total of 746 minimally invasive 
PD cases were collected. Of these, pure LPD was used 
in only 386 patients (51.7%), robotic assistance in 234 
(31.3%), laparoscopic assistance in 121 (16.2%), and 
hand assistance in five (0.6%). LPD was associated 
with some better perioperative parameters (i.e., blood 
loss and operative times) compared to robotics and 
hybrid approaches. Conversion to open surgery was 

required in 64 LPD (9.1%). No differences were noted 
in conversion rate, incidence of PF, morbidity, and 
mortality when comparing results from larger (≥ 30 
LPD) and smaller (≤ 29 LPD) series. Interestingly, 
pure laparoscopy was employed in half of the whole 
cohort, while PDAC amounted only to 30% of the 
entire specimen. These two findings suggested how 
the laparoscopic approach was indicated in selected 
cases in the hands of skilled surgeons with wide 
technologic facilities available, including robotics.  

In recent years, the use of robotic systems is 
gaining momentum as a valuable operative option 
in the field of pancreatic surgery. Indeed, robotics 
has emerged as a most interesting and promising 
innovation, improving the high-demanding surgical 
procedures, such as PD, with encouraging results[22-25].  

With PD in particular, several limitations of standard 
laparoscopy have been partially overcome by robot-
assisted surgery. The major benefits of the surgical 
robot are a magnified intraoperative imaging, an 
increased range of motion within narrow and deep 
spaces, and the enhanced surgical dexterity, affording 
optimal control during surgical dissections and recon­
structions.  

It is now more than 10 years since the first large 
series of robotic general surgical procedures was 
reported[26], including eight robotic PDs (RPD). The 
intervening years have seen RPD gaining relatively 
large distribution worldwide, and more than 350 
robotic PDs have been made available in the literature 
in the last five years[22-32]. 

Despite the lack of evidence, based solely on retros­
pective analyses, the use of the robotic platform has 
already shown several potential advantages over both 
open surgery[22,33,34] and standard laparoscopy[24,34]. 
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sive approach. However, a similar study regarding 
2003-2009[9], found that LDP was utilized in 15%-27% 
of patients, although many postoperative parameters 
and the overall costs favored the laparoscopic route. A 
third[38], more recent (years 2005-2013) cohort study 
from 17 expert centers in the United States reported 
that LDP was superior to open distal pancreatectomy 
(ODP) regarding postoperative morbidity and length of 
hospital stay. However, only 64 (10%) patients of a total 
633 had undergone LDP.

A possible explanation of these surveys could be 
the presence of few specialized environments with the 
available expertise and facilities to address pancreatic 
diseases, although a specific training could improve 
both the use and outcomes of LDP. 

Obviously, the greater the experience, the lesser the 
patient selection, including complex patients, in main­
taining the same postoperative morbidity[39]. Conversely, 
other authors suggested continuing a careful patient 
selection for laparoscopy to guarantee the reduction of 
blood loss and postoperative stay[40]. 

Nevertheless, many of the available reviews on 
LDPs include only retrospective case-series with short-
term follow-up, different techniques and confusing data 
reporting[41,42]. One of the largest comparative series 
was that published by Jayaraman et al[43] from the 
Memorial Sloan Kettering Center on a total of 343 distal 
pancreatectomies during the 7-years study observation. 
One hundred seven (31%) of the 343 patients were 
approached laparoscopically, with a high conversion rate 
of 30%. However, the LDPs resulted in better outcomes 
(27% vs 40% of postoperative complication; P = 0.03), 
reduced blood loss, and shorter hospital stay (median 5 d 
vs 7 d; P < 0.0001), compared to standard operated 
controls. However, the operative times were longer 
(median 163 min vs 194 min; P < 0.0001), and the 
specific incidence of pancreatic leaks was similar in the 
two groups (15% vs 13%; P = NS).

Kooby et al[44] collected data from eight centers 
performing ODP and LDP, matching patients for age, 
American Society of Anesthesiologists score, tumor size, 
and diagnosis. The final analysis included 667 DPs, with 
159 (24%) attempted laparoscopically. The conversion 
rate was 13%. In the final comparison (200 ODP vs 142 
LDP), the authors reported no differences in the positive 
margin rates, operative times, or leak rates (18% vs 11%; 
P = 0.1). However, LDP had lower blood loss (357 mL vs 
588 mL; P < 0.01), fewer complications (40% vs 57%; 
P < 0.01), and shorter hospital stays (5.9 d vs 9.0 d; P < 
0.01). 

Vijan et al[45] compared 100 matched patients 
undergoing LDP to an equal cohort undergoing 
ODP with similar demographic characteristics, but 
larger tumor size in the ODP group. The LDP group 
experienced decreased blood loss (171 mL vs 519 mL; 
P < 0.001) and shorter duration of hospital stay (6.1 
d vs 8.6 d; P < 0.001). Conversely, they reported no 
differences in the operative time, pancreatic leak rate 
(17%), 30-d morbidity (34% vs 29%; P = 0.45), and 

For example, Giulianotti et al[27] in 2010, published 
a cohort of 60 RPD with a rate of PF of 31.3% and only 
one reoperation. Another single-surgeon experience[32] 
reported 34 patients operated by RPD with a mean 
duration of surgery of 597 min and an extra cost of 
more than 6000 euros. However, the early outcomes 
were good, with a 0% 30-d mortality and a global 
55% morbidity rate. The crucial point of the number of 
harvested nodes and the negative margins status were 
also highly comparable to that of open surgery. 

In the largest series available in the current litera­
ture[24], 132 RPD were followed for postoperative 
complications in the first 90 d. The 30-d and 90-d 
mortality were 0.8% and 2.0%, respectively, with a 
percentage of important complications of 14% and 6% 
(grade C PF rate of 4%). 

Several other non-randomized studies and meta-
analyses[21-24,27-31] comparing laparoscopic, robotic and 
open resections showed comparable complication 
rates (including PF), mortality and adequacy of lymph 
nodes yield. Notably, wound infections, hospital stay, 
blood loss, transfusion rate and R1 resections were 
significantly lower in patients who underwent minimally 
invasive resections, with several observations supporting 
the potential advantages of robotics over conventional 
laparoscopy[32-34]. 

Unfortunately, data from the inherent knowledge still 
fail to provide definitive conclusions concerning the actual 
role of MIS in performing PD. Further investigations are 
strongly required, with a special need for randomized 
analyses comparing robotics and standard laparoscopy. 
Nonetheless, robot-assisted surgery seems to offer 
potential advantages in favoring the application of MIS 
for the treatment of pancreatic neoplasms. 

MINIMALLY INVASIVE DP
DP is considered a less challenging operation for 
the surgeon, with a minor impacting postoperative 
recovery for the patient compared with PD. The reason 
is found in the lack of multiple anastomoses, including 
the potential life-threatening pancreatic remnant 
pancreaticojejunostomy or pancreaticogastrostomy. 
Therefore, minimally invasive DP has been widely acce­
pted in the worldwide surgical community. 

Gagner et al[35] published the first laparoscopic DP 
(LDP) in the mid-nineties, to manage neoplasms with 
a borderline behavior (i.e., neuroendocrine tumor). 
Since then, many retrospective experiences and less 
comparative series had been published, with the LDP 
becoming almost the gold-standard approach to both 
malignant and borderline-benign (mostly) lesions 
arising from the body-tail of the pancreas[10,36].

Unfortunately, there are some important discre­
pancies between the literature and ongoing surgical pra­
ctice. For example, according to a survey conducted on 
a nationwide database during the period 1998-2009[37] 

and sampling 20% of United States hospitals, only 
5% of DPs were carried out using a minimally inva­
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30-d mortality (3% vs 1%; P = 0.62).
According to an economic perspective, the cost-

effectiveness of LDP vs ODP was also reported due to 
the cumulative reduction of hospital stay (5 d vs 7 d; P 
< 0.001)[46].

A recent, very impressive, review[47] of all studies 
comparing LDP and ODP collected data from 29 obser­
vational studies (3701 patients overall) to conduct a 
rigorous meta-analysis. The conclusion was that LDP 
was superior in terms of blood loss, time to first oral 
intake, and hospital stay. 

Another review by Pericleous et al[48] selected 
only four comparative articles with an above average 
quality (none was a RCT) reporting LDP to have longer 
operative time but the reduced length of postoperative 
stay. Another more recent meta-analysis[49] found 18 
comparative studies including more than 1800 patients. 
LDP was found to reduce blood loss, length of hospital 
stay, and overall complications. 

Although the morbidity related to a distal PF is less 
dangerous than the morbidity that occurs after PD, 
the crucial issue of how to reduce its incidence is still 
unresolved[50]. Many systematic reviews of comparative 
retrospective studies conclude that the real incidence 
of fistula after LDP and open surgery are similar, with 
the stapled or anastomotic closure being the preferred 
methods despite the access route[51].

Interestingly, a specific analysis[52] of the prognostic 
factors related to pancreatic remnant leaks, conducted 
in a comparative matter between 439 OLP and 254 LDP, 
reported how patients with a body mass index (BMI) 
≤ 27, without adenocarcinoma, and with a pancreatic 
specimen length ≤ 8.5 cm had significantly higher rates 
of PF after OLP than after LDP.

Unfortunately, many of the published series reported 
different surgical indications for LDP, including PDAC, 
IPMN and neuroendocrine tumors; these last two are 
able to be managed more conservatively or tolerate 
a suboptimal oncological adequacy. Nevertheless, 
when dealing with PDAC, the minimum prerequisite 
is to maintain the same oncological outcomes of open 
surgery, including the overall survival and the disease-
free survival. Surrogate parameters, such as the number 
of harvested lymph nodes and the negative margins of 
resections, should also be taken into consideration.

A recent paper by Shin et al[53] was specifically 
targeted to compare LDP and ODP in 150 patients 
operated on for PDAC after using unmatched and pro­
pensity score-matched analyses. The oncologic ade­
quacy was considered a primary endpoint whereas the 
postoperative recovery was marginal. LDP was associated 
significantly with a shorter median postoperative time 
to restarting diet and a shorter hospital stay in both 
matched and unmatched analysis. Interestingly, the 
5-year survival rates, the length of surgery, the number 
of harvested lymph nodes, the resection margin status, 
and the incidence of PF were all similar.

Another retrospective study[54] reported no evidence 
of oncological detriment of patients with PDAC and 

operation by LDP, when cohorts were adjusted for 
factors affecting selection of operative technique.

A review by Fischer et al[55] included only studies 
reporting pancreatic laparoscopic resections for con­
firmed malignancies, and the author concluded that 
LDP (but not LPD) achieved the same rates of margin-
positive resections and numbers of retrieved lymph 
nodes without different long-term survival. Alterna­
tively[56], another study concluded that, due to a lack of 
statistically powered studies, LDP might not be advised 
for aggressive tumors. Another group from the United 
Kingdom[57] reported that LDP, although increasing, 
should be reserved to benign to low grade malignancies. 

Spleen preservation, when indicated in the case of 
IPMN or less aggressive neuroendocrine tumors, should 
be the preferred strategy because it leads to a reduction 
in both blood loss and postoperative complication[58-61]. 
The recent advent of robotic assisted distal pancreatic 
resection (RDP) should, potentially, resolve many of 
the major issues of pure laparoscopy, including the 
preservation of the spleen[27,62]. Some retrospective 
series reported the spleen left in situ after a preoperative 
decision in more than 95% of cases[63,64], compared to 
inferior percentages (< 90%) achieved by both an open 
or laparoscopic approach[65].

Moreover, when dealing with PDAC, a more radical 
dissection and regional lymphadenectomy allowed by the 
robotic instrumentations should be of some help[36,66,67]. 
Lastly, the conversion rates seem to decrease with the 
robotic assistance (0%-18.3%)[24,68] with respect to 
laparoscopy; this represents an indirect proof of better 
feasibility or a superior control of bleeding.

One of the first large statistical studies was published 
by Giulianotti et al[27] and colleagues in 2010, with 134 
robot-assisted pancreatic operations, including 46 RDPs. 
Conversion, morbidity and mortality rates for the whole 
series were 10.4%, 26% and 2.2 %, respectively. The 
rate of PF was 20.9% after RDP. Only one patient was 
re-operated on.

The largest series was published by Zureikat et al[24] 

on 250 robotic pancreatic resections, 83 of which were 
RDP. The 30-d mortality was 0.8%, the rate of Clavien-
Dindo grade 3 (or more) complications were 6%, and 
the type C PF was only 4%. The mean operative time 
was 257 for RDP.

A very intriguing paper by Daouadi et al[69] retros­
pectively compared 94 LDP with 30 RDP patients well 
matched for age, sex, race, ASA score, and tumor size. 
Postoperative length of hospital stay and rates of PF, 
blood transfusion, and readmission were not signifi­
cantly different. However, patients in the RDP group 
had less conversions than the LDP group (16%, P < 
0.05) and reduced risk of blood loss. Moreover, the 
percentage of PDAC that was approached robotically 
was higher (43%) than laparoscopically (15%) (P < 
0.05), but the oncological outcomes were superior for 
the RDP, with higher rates of margin negative resection 
and improved lymph-node clearance (P < 0.0001).

A meta-analysis by Zhang et al[63], which included 
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seven trials, merged the data of 137 robotic and 
203 open pancreatectomies. Many of the analyzed 
parameters, including morbidity, redo surgery, resection 
margins, blood loss and length of hospital stay, had a 
trend favoring the robotic procedures, but none of them 
reached statistical significance. Conversely, the length of 
surgery was demonstrated to be significantly shorter in 
the open group, whereas fistula formation and mortality 
rates were similar.

MINIMALLY INVASIVE TOTAL 
PANCREATECTOMY
Traditionally, total pancreatectomy (TP) is a rarely 
performed procedure due to its high mortality and 
morbidity[70]. Nevertheless, the number of TP has been 
increasing over the years due to the higher number 
of multifocal pathologies discovered during advanced 
imaging[71]. In high volume centers, TP makes up 6.7% 
of all pancreatic procedures[72].

The surgical indications include multifocal neuroen­
docrine tumors, diffuse IPMN, renal cell metastasis, and 
MEN-1 syndrome[73-75]. In approximately 20% of cases, 
the decision to perform a TP is made intraoperatively 
for PDAC with persistent positive margins in frozen 
sections[70,74,75] or in the case of fragile pancreatic stump 
with unacceptable anastomotic risk[76]. TP for chronic 
pancreatitis has been abandoned with the advent of 
more efficacious medical management[71]. 

Post-operative endocrine insufficiency is the most 
concerning sequel, despite the great improvements in 
insulin regimen management. Other improvements have 
been made for the treatment of exocrine deficiency[71]. 

Similar to PD and DP, a minimally invasive (laparo­
scopic and robotic) approach to TP has been proposed 
in recent years. Obviously, the indications for minimally 
invasive TP are the same as for open surgery. 

However, only a few small case-series reporting 
laparoscopic TP are available in current literature. 
Nevertheless, preliminary anecdotal papers report 
laparoscopic TP (LTP) to be safe and feasible, although 
technically demanding. Morbidity and mortality rates 
were low after LTP[77,78].

The robotic technique may overcome the intrinsic 
limits of pure laparoscopy and may provide some 
advantages compared to open surgery, including spleen 
preservation[75]. Giulianotti et al[74] reported safety and 
feasibility of this procedure allowing acceptable peri-
operative morbidity and shorter hospital stays. Globally, 
morbidity and mortality rate ranges up to 70% and 
16%, respectively, with consistent differences according 
to the surgical indication[75]. 

Boggi et al[79] published a case-matched study 
comparing 11 robotic TP (RTP) and 11 open TP (OTP). 
There was no conversion to open surgery in the RTP 
group. The operative time was longer and the blood 
loss was lower for RTP, whereas morbidity was similar 
(lower severity in the RTP group). The length of stay 

was similar between the two groups, but the robotic 
patients experienced faster recovery and lower pain. 
Interestingly, lymph-node collection was higher for the 
robotic group (45 vs 36, not statistically significant).

In the series of 10 RTPs published by Zureikat et 
al[75], there was one conversion to laparotomy, no 90-d 
mortality, a 20% Clavien III-IV complication rate and 
only one readmission within 90 d.

MINIMALLY INVASIVE PARENCHYMA 
PRESERVATION AND UNCOMMON 
PANCREATIC RESECTIONS/
ENUCLEATIONS
Due to the routine use of high resolution imaging 
techniques, diagnosis of small benign or low-grade 
malignant lesions of the pancreas has increased in the 
last years, leading to a higher number of proposed 
resections. Nevertheless, major pancreatic resections are 
still at risk of potentially life-threatening complications, 
even if performed through a minimally invasive appro­
ach. 

From this perspective, much effort should be attem­
pted to spare healthy tissue and to avoid unnecessary 
pancreatic anastomosis in non-frankly malignant 
tumors. Pancreatic enucleation (PE) and central pan­
createctomy (CP) are the most frequent proposed 
operations, whereas duodenum-preserving pancreatic 
head resection (DPPHR), pancreatic head resection 
with segmental duodenectomy, inferior head resection, 
dorsal pancreatectomy, pancreatic head excavation, 
middle-preserving pancreatectomy[80] and resection of 
the uncinate process[81,82] are less popular, very rare 
alternatives. All of these procedures had been proven to 
be safe and feasible with low mortality and recurrence 
rates[83]. 

The selective indications for these conservative 
operations include cystoadenomas, pseudopapillary 
neoplasms, non-invasive branch-type IPMN, endocrine 
tumors[84-87] and isolated metastasis from renal 
cancer[82]. 

One major drawback is the high complication rates 
mostly related to PF[80] that were mostly grade A or B 
(slightly higher rate of severe grades after CP compared 
to PE) and managed conservatively[83].

Parenchyma-sparing resections performed in a 
minimally invasive fashion would be the ideal proce­
dure for those patients. The introduction of new instru­
ments and growing experience make laparoscopic 
techniques broadly used even in conservative pancreatic 
laparoscopic resections. For example, the laparoscopic 
ultrasonography probe is a powerful tool to accurately 
find the lesion and its correlation with vessels and the 
pancreatic duct, thus overcoming the absence of any 
tactile sense[87-89]. 

Moreover, the robotic assistance may overcome 
some limitations of laparoscopy itself with a dedicated 
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flexible probe that has been developed to replace 
standard laparoscopic ones. This integrated robotic 
probe is moved by the console surgeon and allows 
reproducing all of the movements of open surgery. 
Lastly, the ultrasound screen is seen in picture-in-picture 
mode. 

In his systematic review, Beger et al[83] reported 
the results of PE in 838 patients (22.5% of them 
underwent minimal-invasive surgery) demonstrating an 
overall morbidity rate of 41.3% (with a 9.6% of severe 
complications), a PF rate of 36.7%, a reoperation rate 
of 4.7% and a mortality rate lower than 1%. Zhang et 
al[90] collected data from 119 patients, which showed 0% 
exocrine insufficiency, no worsening of diabetes after 
surgery and 2.8% new-onset endocrine insufficiency. 
Cardiac impairment and operative time longer than 180 
min were found to be independent risk factors for PF.

Unfortunately, no RCTs comparing open PE (OPE) 
and laparoscopic pancreatic enucleation (LPE) are 
available in the current literature, although many case 
series and retrospective comparative studies reported 
feasibility, safety and effectiveness of the minimally 
invasive approaches, with lower blood loss and length of 
hospital stay[85,88,91-93]. The conversion rate ranges from 
20% to 33%[88]. Overall, the morbidity is similar between 
the OPE and LPE groups, but major complications are 
more frequent in the open group[89]. The incidence of PF 
after LPE ranged from 13% to 38%[92], which is lower 
than the rate after OPE. The long-term results of LPE 
are still lacking.

In his systematic review including 101 patients 
treated with a LPE, Briggs et al[94] reported a conversion 
rate ranging from 10% to 44% and a morbidity 
rate ranging from 22% to 67% without significant 
differences in morbidity and mortality rates compared 
to open pancreatic surgery. 

Interestingly, pancreatic robotic enucleation seems 
to be both safe and feasible with lower intraoperative 
blood loss, better perioperative outcome, mortality 
rates less than 1% and shorter hospital stays compared 
with open surgery. However, rigorous trials matching 
robotics, laparoscopy and open surgery are still 
lacking[24].

CP is performed more rarely (less than 3% of 
pancreatic resections in high volume centers)[95,96]. 
Indications for CP include tumors up to 5-6 cm in size 
arising from the pancreatic neck or body, which are in 
proximity to the pancreatic duct and are not suitable 

for PE. Many options for proximal stump are possible, 
including staple or suturing techniques, but none have 
proven a real superiority over another[96-99].

The indications for minimally invasive CP are equi­
valent to that for open CP. However, laparoscopic CP 
(LCP) remains controversial due to the difficulties in 
pancreatic reconstruction. Preliminary results show its 
safety and feasibility[82,100,101]. 

Again, the robotic platform was reported to over­
come some of the limitations of a pure laparoscopic 
approach. Nevertheless, only a few small case-series 
of robotic central pancreatectomies (RCP) reported the 
same high rate of PF and longer operative times, but   
faster recovery compared to open surgery[98,102,103]. 

Zureikat et al[24] reported the results of 13 cases of 
RCP with a conversion rate of 15%, no perioperative 
mortality, but a 92% PF rate. Abood et al[104] reported 
a PF rate of 22.2%, and R0 surgery in all nine patients 
with no endocrine or exocrine impairment. Kang et 
al[102], in his retrospective match-compared study of 
five patients treated robotically and ten patients treated 
with open CP, demonstrated no significant differences 
in overall complication rate, perioperative mortality and 
length of hospital stay. The intraoperative blood loss was 
significantly lower in the robotic group and operation 
time was longer compared to the open procedure.

Interestingly, Machado et al[105] performed a review 
on 22 cases of LCP versus 27 RCP cases. The study 
showed low blood loss, PF rate of 46%, no mortality, 
no recurrence at a mean follow-up of 19.6 mo and no 
exocrine or endocrine deficiency. Chen et al[101] reported 
the results of LCP performed in 10 cases. The incidence 
of PF was 20% (grade A), and there was no recurrence 
(median follow-up of 22.9 mo) of either exocrine or 
endocrine pancreatic insufficiency. 

Resection of the uncinate process and DPPHR are 
very rarely performed procedures, and only a few 
cases reports describing any laparoscopic approach 
are available in the literature. Most of these cases had 
a high rate of PF[82]. In a very inclusive review, Beger 
et al[83] reported the results of 431 DPPHR cases, 
demonstrating a rate of severe complications of 11.5%, 
a PF rate of 20%, a reoperations rate of 1.8% and 
mortality lower than 1%. 

CONCLUSION
Patients affected by PDAC are still expected to die a 

417WJGO|www.wjgnet.com December 15, 2015|Volume 7|Issue 12|

  Type of procedure Open surgery Laparoscopic surgery Robotic Level of evidence1

  Distal pancreatectomy Standard/accepted Being standard Pioneeristic LE 2
  Pancreaticoduodenectomy Standard Pioneeristic Pioneeristic LE 2
  Total pancreatectomy Standard Pioneeristic Pioneeristic LE 4
  Enucleation Accepted/standard Standard/accepted Pioneeristic LE 3

Table 1  Authors’ recommended approach to pancreatic procedures

1Oxford Centre for Evidence-Based Medicine. Levels of Evidence Working Group. “The Oxford 2011 Levels of Evidence”. Available from: URL: http://
www.cebm.net/index.aspx?o=5653.
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few years after surgery (if indicated), with the overall 
survival slightly increased by a regimen of perioperative 
adjuvant radio-chemotherapy. Borderline neoplasm 
and even pre-cancerous lesions require complex 
management, which often includes a surgical approach 
with some potential life-threatening complications. 

A strong effort to minimize those complications and 
to enhance the recovery after surgery could be a great 
help to those patients (Table 1).

In this view, the minimally invasive surgical approach 
(laparoscopic and robotic operations) to pancreatic 
neoplasm leads to many benefits, including recovery, 
cosmetic results, early access to adjuvant therapies and 
psychological implications. Unfortunately, most of the 
articles published and reviewed were flawed by a weak 
statistical power (heterozygous methods, facilities and 
devices employed, insufficient case load), and many 
reported conflicting results. A possible explanation is the 
extreme weight of technologic equipment and expertise 
needed to develop a minimally invasive pancreatic 
cancer program in addition to the low incidence of 
such pathology. However, a strategic centralization of 
pancreatic malignancies together with more rigorous 
scientific data reporting should be mandatory in future 
years. 
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