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at the plenary session of the 24th International Congress of 
the EAES in Amsterdam and in a web-based survey.
Results LAPS included laparoscopic distal pancreatec-
tomy (LDP), pancreatoduodenectomy (LPD), enucleation, 
central pancreatectomy, and ultrasound. In general, LAPS 
was found to be safe, especially in experienced hands, and 
also advantageous over an open approach in terms of intra-
operative blood loss, postoperative recovery, and quality of 
life. Eighty-five percent or higher proportion of respond-
ers agreed with the majority (69.5%) of statements. How-
ever, the evidence is predominantly based on retrospec-
tive case–control studies and systematic reviews of these 
studies, clearly affected by selection bias. Furthermore, no 
randomized controlled trials (RCTs) have been published 
to date, although four RCTs are currently underway in 
Europe.

Abstract 
Background Introduced more than 20  years ago, laparo-
scopic pancreatic surgery (LAPS) has not reached a uni-
form acceptance among HPB surgeons. As a result, there 
is no consensus regarding its use in patients with pancreatic 
neoplasms. This study, organized by the European Asso-
ciation for Endoscopic Surgery (EAES), aimed to develop 
consensus statements and clinical recommendations on the 
application of LAPS in these patients.
Methods An international panel of experts was selected 
based on their clinical and scientific expertise in laparo-
scopic and open pancreatic surgery. Each panelist per-
formed a critical appraisal of the literature and prepared 
evidence-based statements assessed by other panelists dur-
ing Delphi process. The statements were further discussed 
during a one-day face-to-face meeting followed by the sec-
ond round of Delphi. Modified statements were presented 
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Conclusions LAPS is currently in its development and 
exploration stages, as defined by the international IDEAL 
framework for surgical innovation. LDP is feasible and 
safe, performed in many centers, while LPD is limited to 
few centers. RCTs and registry studies are essential to pro-
ceed with the assessment of LAPS.

Keywords Laparoscopy · Pancreatoduodenectomy · 
Pancreatectomy · Enucleation · Consensus

First introduced in the mid 1990s, laparoscopic pancreatic 
surgery (LAPS) developed slowly, presumably due to ana-
tomic complexity of the region and high postoperative mor-
bidity [1, 2]. Although initially considered for staging pur-
poses only, increasing experience in laparoscopy enabled 
the application of LAPS for more advanced procedures.

Today, more than 20 years after the first reports, none of 
the laparoscopic pancreatic resections has gained a uniform 
acceptance. A recent pan-European survey demonstrated 
that 73% of surgeons had experience with minimally inva-
sive distal pancreatectomy, although the median propor-
tion of this procedure per surgeon was only 30% [3]. At the 
same time, 45% of surgeons stated that they had insuffi-
cient training in laparoscopic distal pancreatectomy (LDP). 
According to the same survey, 21% of respondents had 
experience with minimally invasive pancreatoduodenec-
tomy (MIPD), while 65% considered laparoscopic pancrea-
toduodenectomy (LPD) as technically challenging. These 
findings demonstrated that the role of LAPS in the treat-
ment of pancreatic neoplasms remains unclear.

The objective of this study developed by the European 
Association for Endoscopic Surgery (EAES) was to pro-
vide evidence-based clinical recommendations for the use 
of LAPS in the treatment of pancreatic neoplasms.

Materials and methods

The project started in July 2015, when the expert panel was 
selected based on the scientific and clinical expertise of the 
candidates, as well as their experience in the field of laparo-
scopic and open pancreatic surgery (BE, MAH, MGB, MB, 
JMF, LFC, BG, SCK, and IH). The consensus conference 
was coordinated from Oslo University Hospital-Rikshospi-
talet (BE) and assisted by a surgical research fellow (MS).

Literature search and appraisal

First, the expert panel agreed on the list of topics to be 
included in the consensus conference. Each expert was 
assigned to two or more topics and asked to prepare evi-
dence-based statements supported by the discussion of 

the current literature. The literature search and its critical 
appraisal were limited to the articles published in English 
during the period from 1994 to 2016. The searched data-
bases were Medline and Cochrane Library. Medical sub-
ject headings (MeSH) and free-text words were used for 
searches. Reference lists from the included articles were 
manually checked for any additional studies, which were 
included when appropriate. Critical appraisal of the litera-
ture was carried out using the evidence level (EL) provided 
by Oxford Centre for Evidence-based Medicine, and the 
grade of recommendations (GoR) derived from the ELs 
(http://www.cebm.net/oxford-centre-evidence-based-medi-
cine-levels-evidence-march-2009/).

Consensus development

Upon reviewing the literature, each expert drafted state-
ments on specific topic(s) accompanied by supporting dis-
cussion. These statements were assessed by the members 
of the expert panel (first Delphi round) and discussed at 
one day face-to-face meeting in Copenhagen, 26 February 
2016. Based on the comments and suggestions, the state-
ments were modified and put in circulation for further 
evaluation (second Delphi round). All statements were 
approved by the expert panel prior to presenting for the on-
line voting at the consensus conference (CC) during 24th 
International Congress of the EAES in Amsterdam, 17 
June 2016. The plenary session was moderated by mem-
bers of the expert panel.

After the congress, statements were posted on the EAES 
website for 3 months and sent to the EAES membership for 
further comments and voting. The latter included a total 
number of 148 respondents. Scientific community con-
sensus (SCC) reflecting the level of approval of suggested 
statements was considered in the next round of document 
revision by the expert panel (third Delphi round). SCC 
was calculated as the mean percentage of the agreements 
obtained at the consensus conference and in the web-based 
survey. As a result, all statements were divided into four 
levels: level 1 (SCC ≥ 90%), level 2 (SCC: 85–89%), level 
3 (SCC: 80–84%), and level 4 (SCC < 80%). The final ver-
sion of the manuscript was reviewed and approved by all 
participants of this study.

Results

A total number of 23 statements were prepared, and ulti-
mately 100% consensus was achieved among the pan-
elists on all statements. Of these, 7 (30.4%) and 9 (39.1%) 
achieved SCC level 1 and 2, respectively (Table 1). Three 
statements had less than 80% SCC. As a result, the expert 

http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
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panel agreed to drop two of these statements and present 
them in the discussion section.

Laparoscopic distal pancreatectomy

Laparoscopic distal pancreatectomy is a feasible and safe 
alternative to open approach in the treatment of benign 
and malignant pancreatic lesions, providing advantages 
in terms of reduced blood loss and enhanced postoperative 
recovery resulting in shorter hospital stay (EL: 3a; GoR: 
B). SCC: Level 1 (94%).

In 1994, Cuschieri reported the first LDP performed 
for chronic pancreatitis [1]. From then on, the interest in 
LDP and in the range of its indications grew exponentially. 
However, it took more than 10 years until the first compara-
tive series on LDP vs open distal pancreatectomy (ODP) 
were published [4, 5]. Comparative studies for non-malig-
nant diseases found similar baseline characteristics such 
as age, BMI, and tumor size, although Yoon et al. reported 
younger patients in the laparoscopic group [6–13]. Recent 
nationwide evaluation in the US suggests that benign dis-
ease and BMI of 30-40kg/m2 have been the selection fac-
tors for minimally invasive technique, whereas pancreatic 
ductal adenocarcinoma (PDAC), tumor size > 5  cm, and 
multivisceral resections resulted in ODP [14].

The early series on LDP mostly included patients with 
pancreatic cysts and neuroendocrine neoplasms [4, 5, 15, 
16]. In a meta-analysis from Mehrabi et  al., the indica-
tions for LDP in 59% of patients were cysts [17]. When 
indications for cystic lesions are specified, the mucinous 
cystic neoplasia (MCN) represents the first indication, fol-
lowed by serous cystic neoplasia (SCN), solid pseudopap-
illary neoplasm (SPN), intrapapillary mucinous neoplasm 
(IPMN), pseudocyst, and true congenital cysts [18–20]. In 
a study on 62 patients with pancreatic cysts, Anonsen and 
coworkers reported on 46.7% of SCN and 61% of benign 
lesions in total [21]. The authors concluded that preopera-
tive investigations such as endoscopic ultrasound exami-
nation and fine needle aspiration should be considered to 
reduce the likelihood of resecting benign cysts. Although 
LDP has been proposed for all types of cysts in the body 
or tail of the pancreas, the majority of studies focused on 

MCN and SPN [22–26], whereas less data are published on 
IPMN [27]. Only case reports were found on lymphoepi-
thelial, epidermoid, and true congenital cysts [28–30].

Most of the comparative studies found 1–2  h longer 
operative time for laparoscopy [6–13], but only in three of 
those, the difference was statistically significant [6, 7, 12]. 
On the other hand, estimated blood loss (EBL) decreased 
with 200–300 mL by LDP [6–13], and two studies found 
that LDP was associated with higher spleen preservation 
rate [7, 8]. LDP was not shown to reduce the postoperative 
morbidity, although some studies still suggest lower rate of 
complications compared with ODP [11, 12]. Laparoscopy 
also seems to be advantageous in terms of postoperative 
recovery resulting in a significantly shorter hospital stay 
(with 1–9 days) observed in 6 studies [6, 7, 9, 11–13].

A recent meta-analysis from Mehrabi et  al., including 
29 observational studies and 5 systematic reviews, dem-
onstrated the superiority of LDP over ODP in terms of 
EBL (308 ml less), time to first oral intake (1.3 days less) 
and length of hospital stay (3.8 days less) [17]. However, 
no difference was found in postoperative pancreatic fis-
tula (POPF) (21.8 vs 21.6%), postoperative morbidity 
(34 vs 38%), and mortality (0.4 vs 1.1%). In all, system-
atic reviews confirm that LDP is both feasible and safe in 
patients with lesions in the body and tail of the pancreas 
[31–33]. Nevertheless, the real-life benefits of LDP includ-
ing quality of life and cost analysis are still to be deter-
mined in randomized controlled trials (RCTs). In Europe, 
such trials are currently underway––the LEOPARD-1 mul-
ticenter RCT in the Netherlands (http://www.trialregister.
nl/trialreg/admin/rctview.asp?TC=5188) and the LAPOP 
single-center RCT in Sweden (http://www.isrctn.com/
ISRCTN26912858).

The rate of pancreatic fistula is similar after laparo-
scopic and open distal pancreatectomy, independent from 
the technique of pancreatic stump closure (EL: 3b). SCC: 
Level 2 (88%).

Three single-center case-matched studies and one mul-
ticenter case-matched study showed that laparoscopy did 
not reduce the POPF rate when compared to open sur-
gery [4, 34–36]. The same result was reported based on an 
unmatched comparison of 131 laparoscopic vs 637 open 
procedures [37]. Two meta-analyses on comparative non-
randomized studies found that LDP led to a statistically not 
significant reduction of grade B/C fistula [38, 39]. At the 
same time, POPF highly varied from study to study due to 
different criteria used for its definition.

A case-matched study compared results in patients with 
LDP (86 linear stapler and 14 hand-sewn) and ODP (92 
hand-sewn and 8 linear stapler) operated between 2010 
and 2013 [34]. POPF rate was 53% after LDP and 51% 
after ODP. About 70% of POPF in both groups were grade 
A, and no difference was found between the stapler and 

Table 1  Levels of scientific community consensus on presented 
statements

Level Scientific community consen-
sus

Number of 
statements 
(%)

1 ≥90% 7 (30.4%)
2 85–89% 9 (39.1%)
3 80–84% 4 (17.4%)
4 <80% 3 (13.1%)

http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=5188
http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=5188
http://www.isrctn.com/ISRCTN26912858
http://www.isrctn.com/ISRCTN26912858
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hand-sewn closure techniques. Taylor et  al. assessed the 
outcomes in 46 consecutive patients with LDP and found 
no significant difference in POPF, when using linear stapler 
and hand-sewn technique (13 vs.19%, p = 0.43) [40]. These 
findings are consistent with the RCTs in open surgery [41, 
42]. Marangos et  al. examined the effect of TachoSil® 
patch and found no improvement in the rate of POPF [43].

All in all, the vast majority of the literature on POPF 
prevention in the setting of LDP is currently represented by 
retrospective studies with small sample sizes.

Spleen-preserving laparoscopic distal pancreatectomy 
can be considered in patients with benign tumors (EL: 3b; 
GoR: B). SCC: Level 1 (100%).

Splenectomy is reportedly associated with an increased 
postoperative morbidity, hematologic complications, and 
impaired primary immune response [44]. As a result, 
patients are at a risk of developing respiratory tract infec-
tions and overwhelming postsplenectomy infection any 
time after removal of the spleen [45]. Nevertheless, the 
experimental and clinical studies demonstrated signifi-
cantly improved outcomes after using vaccines against 
Streptococcus pneumoniae, Haemophilus influenzae, and 
Neisseria meningitides, leading to a decrease in mortality 
from OPSI [46–48].

A comparative study from Choi et  al. suggests that 
spleen-preserving LDP (SP-LDP) is associated with sig-
nificantly longer operative time (p = 0.02) but less post-
operative complications (p < 0.01), POPF (p = 0.03), and 
shorter hospital stay (p < 0.01) compared with the standard 
technique [49]. Furthermore, the latter impaired the qual-
ity of life based on the results of follow-up survey. Mekeel 
and co-workers also report on non-significantly lower rate 
POPF after SP-LDP, speculating that preservation of the 
splenic blood vessels may improve perfusion to the pan-
creatic stump and decrease the risk of leak [50]. On the 
contrary, Fernández-Cruz et  al. observed higher rate of 
postoperative complications after SP-LDP compared to 
standard LDP [16]. Nonetheless, the application of SP-LDP 
was encouraged in the majority of patients with cystic neo-
plasms, but not in case of suspected malignancy. Bruzoni 
et al. concluded that SP-LDP is a feasible and safe proce-
dure suitable in selected cases with cystic and low-grade 
neoplasms [51]. These findings have been confirmed in fur-
ther studies [52–55].

Only a few reports on SP-LDP for pancreatic can-
cer were found in the literature [56, 57]. Kawaguchi et al. 
described the experience with SP-LDP with the ligation 
of splenic vessels and sparing lymphadenectomy in the 
splenic hilum in 17 patients with adenocarcinoma in the 
distal pancreas [56]. Median survival was 28 months, and 
5-year survival was 33%. However, SP-LDP is usually not 
recommended in patients with pancreatic cancer, as it may 
jeopardize the oncologic completeness of the procedure by 

not removing the lymph nodes residing in the splenic hilum 
[58].

In all, literature on SP-LDP  vs LDP is represented by 
relatively small number of comparative studies with small 
sample sizes. However, the majority of these articles con-
sider patients with benign tumors as good candidates for 
SP-LDP [59–62].

Spleen-preserving laparoscopic distal pancreatectomy 
with preservation of splenic vessels seems to be advanta-
geous over the Warshaw technique in terms of postop-
erative outcomes, particularly splenic infarction (EL: 3a; 
GoR: B). SCC: Level 3(82%).

Comparative studies demonstrate that SP-LDP with 
the splenic vessel preservation (VP-SPLDP) is associ-
ated with significantly reduced EBL, morbidity, clinically 
relevant POPF (CR-POPF), splenic infarctions (5 vs. 39% 
; p < 0.01), and shorter hospital stay compared with  the 
vessel ligation (VL-SPLDP) [44, 60, 63]. Furthermore, 
two meta-analyses report significantly lower incidence of 
splenic infarction, gastric varices, as well as postoperative 
splenectomy after VP-SPLDP [64, 65]. Some studies also 
recommend attempting VP-SPLDP whenever possible, but 
switching to VL-SPLDP in case of bleeding or difficulties 
during dissection [60, 63]. According to Choi et al., the fol-
lowing conditions are unfavorable for VP-SPLDP and may 
be potential indications for VL-SPLDP: relatively large 
tumor (1) associated with chronic pancreatitis (2), tumor 
abutting splenic vascular structures (3), and bleeding dur-
ing the VP-SPLDP (4) [49]. On the other hand, Fernández-
Cruz et  al. assumed that splenomegaly is a contraindica-
tion for VL-SPLDP due to insufficient nourishment of an 
increased mass by short gastric vessels [16]. Another com-
parative study from Butturini and co-workers found no sig-
nificant differences between the two techniques in terms 
of operative time, postoperative complications, and hospi-
tal stay [61]. Although gastric or perigastric varices were 
detected in 60% of patients with VL-SPLDP at 12 months 
from the index operation, no cases of gastrointestinal bleed-
ing were observed during the long-term follow-up. These 
results were also confirmed by Zhou et  al. [66]. Several 
reports observed longer operative time and higher EBL in 
patients with VP-SPLDP [63, 67].

Yoon et al. described impaired patency of the splenic 
vein after VP-SPLDP, resulting in an increased risk of 
left-sided portal hypertension [68]. The splenic vein 
was presumed to be occluded due to a manipulation dur-
ing the dissection, as well as because of its susceptibil-
ity to thrombosis and inflammation, caused by the lack 
of muscle and elastic fibers. However, these results were 
not confirmed in a retrospective study by Hwang et  al., 
who did not observe impaired vascular patency in splenic 
vessels or secondary changes in the spleen [69]. A recent 
study by Yoon and co-workers comparing the outcomes 
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following open and laparoscopic VP-SPLDP found that 
vessel preservation and EBL were prognostic factors for 
compromised splenic vein patency [13]. Interestingly, it 
was significantly less frequent in patients operated during 
the late study period, indicating an improvement with the 
increasing surgical experience and minimizing the EBL.

Laparoscopic distal pancreatectomy is associated with 
the significantly better quality of life compared to open 
approach (EL: 2b). SCC: Level 2 (87%).

Two studies compared the quality of life (QoL) fol-
lowing LDP and ODP [10, 34]. Braga et al. performed a 
prospective cohort study with propensity score-matched 
analysis (1:1) in 200 patients [34]. The 8-item Short-
Form Health Survey (SF-8) was used to assess the QoL 
1- and 3-month postoperatively. This questionnaire con-
sisted of 8 questions concerning general health, physi-
cal functioning, role-physical (impairment due to physi-
cal health), bodily pain, vitality (energy level), social 
functioning, emotional problems, and role-emotional 
(impairment due to emotional problems). The results 
after 1 month showed a significant improvement in gen-
eral health perception (p = 0.03) and vitality (p < 0.01) 
favoring the laparoscopic group. All other items were 
similar for both groups. There were no differences in QoL 
parameters found at 3-month follow-up.

A retrospective study by Ricci et  al. assessed the QoL 
1-year postoperatively using the European Organisation for 
Research and Treatment of Cancer Quality-of-Life Ques-
tionnaire C-30 (EORTC QLQ C-30) and the EuroQoL five 
dimensions (EQ-5D) Questionnaire [10]. The first ques-
tionnaire consisted of 5 generic questions regarding QoL. 
The EORTC QLQ C-30 consisted of one global domain, 
five functional domains as well as eight symptom scales. 
Eighty-one patients (41 LDP and 40 ODP) were included in 
this study, and the analysis of the QoL was available in only 
54 patients (34 LDP and 20 ODP) due to loss to follow-up 
and denial of participation. After 1 year, patients who had 
undergone LDP scored significantly better regarding physi-
cal functioning (daily activities) (p = 0.04) and role func-
tioning (impairment in work, leisure, or other daily activi-
ties) (p = 0.03). The improvement on these scales was also 
observed in  the multivariable analysis (physical function-
ing p = 0.05 and role functioning p = 0.04). The latter also 
showed a significant improvement in cognitive function-
ing scores for the LDP group (p = 0.03). On the symptom 
scales, LDP patients presented with a significantly higher 
diarrhea scale (p = 0.03) and a lower sleep disturbance 
scale (p = 0.05), which was also confirmed during multi-
variable analysis (p = 0.05).

Although both studies showed better QoL outcomes 
after LDP, they used different questionnaires and were 
not randomized. This may have influenced the results and 
makes generalization difficult.

Laparoscopic distal pancreatectomy is feasible and safe 
in patients with pancreatic neuroendocrine tumors pro-
viding satisfactory postoperative and oncologic outcomes 
(EL: 3a; GoR: B). SCC: Level 1 (96%).

Surgery is the only curative modality for pancreatic neu-
roendocrine tumors (NETs). Recent studies have demon-
strated the improved survival rates across all stages of the 
disease, advocating resection of the primary tumor in the 
settings of localized, regional, as well as (selectively) meta-
static disease [70–73]. However, experience with LDP for 
NET remains small.

A systematic review on laparoscopic vs open surgery for 
NETs from Drymousis et  al. suggests that LAPS is asso-
ciated with less EBL, lower morbidity, and shorter hospi-
tal stay [74]. However, this study included a heterogene-
ous cohort of patients undergoing predominantly LDP and 
laparoscopic enucleation. A similar systematic review from 
Tamburrino et  al. reported less EBL and shorter hospital 
stay following LAPS [75]. Haugvik et al. assessed the long-
term outcomes in 65 patients, who had undergone LAPS 
for NETs (51 LDP and 14 LPE) and found 5-year disease-
specific survival of 90% [76]. Two studies reported on LDP 
in a total number of 26 patients with NETs [16, 77]. Peri-
operative outcomes in these patients did not substantially 
differ from those reported for ODP. No CR-POPF were 
reported. These rates of POPF were lower than previously 
reported for LAPS for NETs (29%) or LDP for all lesions 
(21.8%) [17, 74]. Finally, the comparative study from 
Xourafas et al. found lower morbidity, shorter hospital stay, 
comparable oncologic outcomes, and survival after LDP 
compared with ODP in patients with NETs [11]. Radical 
resection (R0) of NETs in the body and tail of the pancreas 
has been previously reported to be feasible by laparoscopy 
[16, 76, 77].

Laparoscopic distal pancreatectomy is feasible and 
safe in patients with pancreatic ductal adenocarcinoma, 
providing favorable outcomes in terms of estimated blood 
loss and hospital stay when compared with open technique. 
Short- and long-term oncologic outcomes are similar (EL: 
3a; GoR: B). SCC: Level 2 (85%).

Although numerous studies had described successful 
utilization of LDP in patients with benign and low-grade 
malignancies, its role in the treatment of PDAC remained 
unclear. Limited evidence in this area hindered ultimate 
conclusions, and a recent pan-European survey found that 
one-third of pancreatic surgeons were concerned about 
the application of LDP for PDAC [3].

Malignant tumors in the body and tail of the pancreas 
are typically presented in a more advanced stage than 
those of the proximal gland. On the other hand, signifi-
cant advances in pancreatic imaging using multi-modality 
approach may enable to detect PDAC in the early stages. 
Furthermore, a magnified view through the laparoscopic 
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approach has an advantage of providing improved visuali-
zation of the anatomy for dissection of complex vessels or 
lymphadenectomy [78].

The outcomes of LDP vs ODP for PDAC are described 
in a limited number of comparative studies. Hu et  al. 
reported similar operative time and EBL after LDP and 
ODP [79], while some studies found less EBL following 
LDP [80, 81]. Larger comparative studies observed reduced 
blood transfusion rates and shorter hospital stay after LDP 
[82–84]. Case–control studies found identical rates of post-
operative morbidity, mortality, and POPF [81–83, 85–87]. 
Finally, a meta-analysis from Ricci et  al. demonstrated 
longer operative time but less EBL and shorter hospital 
stay compared to ODP, although tumor size was smaller in 
LDP group (p = 0.04) [85].

Yet, the major concern has been the oncologic adequacy 
of LDP. Baker et  al. demonstrated significantly higher 
amount of retrieved lymph nodes after ODP compared with 
LDP [88]. However, this finding was not confirmed in fur-
ther studies suggesting comparable lymph node yield, pN1 
and R1 resection rates following LDP and ODP [58, 79, 80, 
83]. Furthermore, Sharpe et al. demonstrated that LDP was 
associated with the higher rate of R0 margins [82]. Stud-
ies also found no significant differences in terms of recur-
rence (both local and distant) and median survival after 
LDP and ODP [79–81, 86]. A propensity score-matched 
comparative single-center study by Shin et al. demonstrated 
5-year survival of 32.5% after LDP, which was compara-
ble with the survival after ODP [83]. In the French multi-
center study, Sulpice et al. reported improved survival fol-
lowing LDP compared to ODP with 3- and 5-year survival 
rates of 63.7% vs 50.8% and 50.6% vs 37.1%, respectively 
[84]. However, the authors mentioned selection bias in the 
laparoscopic group characterized by smaller tumors and 
less multivisceral resections. A recent multicenter study 
also reported satisfactory oncologic outcomes of LDP in 
a relatively large cohort of patients with PDAC [89]. In 
the recent meta-analysis, Ricci et al. demonstrated similar 
short- and long-term oncologic outcomes after LDP and 
ODP, concluding that laparoscopic approach did not affect 
overall survival rate (p = 0.32) [85]. However, no RCTs 
have been performed up to date, although the pan-European 
DIPLOMA group is now addressing this topic [3].

Several studies emphasized the role of careful patient 
selection when considering LDP for PDAC [79, 82, 87, 
90, 91]. Adam et  al. recommended minimally invasive 
approach in patients with the small tumors located in the 
body and tail of the pancreas [90]. Conversely, Fernández-
Cruz demonstrated that tumor size did not compromise sur-
gical and oncologic outcomes of LDP [92]. Yonsei selec-
tion criteria were suggested for LDP when considered in 
patients with PDAC (tumor confined to pancreas, intact 
fascial layer between distal pancreas and the left adrenal 

gland/kidney, tumor located more than 1–2  cm from the 
celiac axis) [87]. At the same time, Marangos et al. reported 
21 consecutive PDACs operated by LDP with only one 
patient converted to ODP [93]. Thus, patient selection cri-
teria must be evaluated separately in each expert center.

Laparoscopic radical antegrade modular pancreatosple-
nectomy is feasible for the treatment of pancreatic ductal 
adenocarcinoma. Currently, the choice of surgical tech-
nique should be left to the surgeon’s discretion (EL: 4; 
GoR: C). SCC: Level 2 (88%).

Small series including well-selected patients with PDAC 
reported on technical feasibility and oncologic safety of 
laparoscopic radical antegrade modular pancreatosple-
nectomy (RAMPS) devised to increase the rate of nega-
tive resection margins and complete lymph node dissec-
tions [87, 91]. Song et al. employed RAMPS in 34 patients 
with PDAC achieving the mean number of 10.3 harvested 
lymph nodes and 92% R0 resection rate [20]. Fernández-
Cruz et  al. reported 10 cases with PDAC operated by 
modified RAMPS (the superior mesenteric artery was not 
skeletonized and left renal vessels were not dissected) with 
90% negative margins and median survival of 14  months 
[16]. Kawaguchi et  al. recommended performing RAMPS 
to obtain negative tangential margins [56], while Abu Hilal 
et al. suggested “hanging” the pancreas with Gerota’s fas-
cia during LDP, followed by a clockwise dissection, which 
resulted in the R0 rate of 76% [94]. At the same time, 
Kooby et al. had previously indicated that margin positive 
resection rate in pancreatectomy for PDAC is difficult to 
interpret due to a lack of defined standard for histological 
margin assessment [80]. Marangos et al. presumed that dis-
section planes for conventional left-to-right technique of the 
LDP could be chosen based on visualization of the relevant 
anatomy and combined with intraoperative ultrasonogra-
phy, while lymphadenectomy can be performed only for the 
enlarged or suspicious local lymph nodes [93]. This study 
reported on R0 rate of 93%, median survival of 23 months, 
and 3-year survival of 30% after LDP for PDAC. Asbun 
et al. applied a clockwise technique starting with mobiliza-
tion of the left colon flexure and continuing along the lower 
border of the pancreas in 5 patients with adenocarcinoma 
[95]. The median number of retrieved lymph nodes and 
the rate of R0 resection were 19 and 100%, respectively. It 
was concluded that this technique shares some similarities 
with RAMPS, as it allows for a wide exposure of the pan-
creas and makes it feasible to resect the left adrenal gland 
if needed.

Comparative studies in open surgery have not found sur-
vival benefits in RAMPS when compared with the standard 
approach [96, 97]. No comparative studies between laparo-
scopic RAMPS and conventional LDP have been published 
up to date. Hence, true oncologic benefits of RAMPS 
remain unclear [83]. Further studies focused on a surgical 
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technique are essential to define the role of laparoscopic 
RAMPS in the treatment of PDAC.

Extended laparoscopic distal pancreatectomy (defined 
by the International Study Group for Pancreatic Surgery) 
is associated with surgical outcomes similar to standard 
procedure. Despite decreased survival compared with 
the standard procedure, it may still be of use in selected 
patients with tumors extending beyond the pancreas (EL: 
4; GoR: C). SCC: Level 3 (80%).

A consensus from the International Study Group for 
Pancreatic Surgery (ISGPS) recommends performing 
extended pancreatic resections in selected patients with 
locally advanced tumors within the specialized centers 
[98]. The study suggests that despite possible increase in 
postoperative morbidity long-term results are favorable 
over palliative chemo- and/or radiochemotherapy alone. 
At the same time, only a handful of studies have examined 
the outcomes of extended laparoscopic distal pancreatec-
tomy (ELDP). Hu et  al. assumed that laparoscopy is not 
suitable for extended resections and should not be applied 
for tumors growing to the adjacent organs [79]. French 
all-inclusive national observational study showed signifi-
cantly less multivisceral resections performed during LDP 
when compared with ODP [84]. In fact, according to the 
pan-European survey, 60% of pancreatic surgeons consider 
tumor involvement of at least one adjacent organ a con-
traindication for minimally invasive surgery [3].

Cho and co-workers have described LDP with en bloc 
resection of the celiac axis resection as a safe and feasi-
ble procedure helping to achieve R0 resection margins in 
highly selected patients with locally advanced PDAC [99]. 
Furthermore, a multicenter study by Sahakyan et al. found 
similar postoperative outcomes after standard LDP and 
ELDP [89]. The latter was associated with the significant 
decline in survival compared to LDP with the median sur-
vival of 20.2 months and 3-year survival of 26.3%. These 
findings may support the application of ELDP in selected 
patients with PDAC. Although the evidence on ELDP in 
the setting of PDAC is very scarce, it can be of use in these 
patients providing advantages over chemotherapy or radio-
chemotherapy alone.

A significant reduction in operative time during laparo-
scopic distal pancreatectomy can be obtained after 10–17 
procedures. Other possible indicators for learning curve 
are conversion rate and intraoperative blood loss (EL: 3b; 
GoR: B). SCC: Level 2 (86%).

Four single-center studies have focused on the learn-
ing curve for LDP [18, 100–102]. In a study from Braga 
et  al., the results were compared in the three consecutive 
groups of 10 patients [100]. Reduction of conversion rate, 
operative time, and EBL was found in the second and third 
groups compared with the first group. Therefore, a cut-
off of 10 procedures has been suggested to complete the 

learning curve. No differences in postoperative morbidity 
and length of hospital stay were found in the three groups. 
A reduction of operative time after 10 procedures was also 
reported in series of 25 patients [101], while a cut-off of 
17 procedures was needed to reduce  the operative time in 
another study on 32 patients [102]. Conversion rate did not 
change with an increasing number of LDP in both stud-
ies. Similar operative time and conversion rate were also 
observed in a series of 100 patients operated between 1999 
and 2012 [18]. Finally, a systematic review from Barrie 
et al. identified a 10-procedure cut-off necessary to obtain 
operative time reduction and 6-procedure cut-off for reduc-
ing the EBL [101]. Relevant factors influencing the learn-
ing curve were the hospital volume and staff experience in 
both open pancreatic surgery and gastrointestinal laparo-
scopic surgery.

Laparoscopic distal pancreatectomy is associated with 
higher operative costs and lower postoperative costs com-
pared with open technique resulting in comparable cost for 
both procedures (EL: 3b). SCC: Level 1 (90%).

Ten studies have assessed costs for LDP vs ODP and 8 
of those evaluated operative, postoperative, and total costs 
separately. Five studies found significant differences in 
operative costs between the two approaches [10, 103–106]. 
In 4 of them, LDP was associated with significantly 
increased operative costs up to 2800 USD, related to the 
higher costs of surgical equipment and the increased opera-
tive time [10, 104–106].

Yet the most obvious benefit of LDP is the enhanced 
postoperative recovery resulting in a shorter length of 
hospital stay [17]. Since postoperative morbidity is sus-
pected to be comparable for ODP and LDP [17], the post-
operative costs should therefore be lower for LDP than for 
ODP. This hypothesis was confirmed in 6 studies, in which 
lower postoperative costs up to 6,500 GBP were observed 
[11, 103–107]. Consequently, total costs of LDP vs ODP 
were less or comparable in the majority of studies [11, 34, 
103–105, 107, 108].

One study has assessed the influence of implementa-
tion of the enhanced recovery program for LDP, which was 
found to decrease the length of hospital stay with 3  days 
resulting in a significant total cost reduction of 2000 GBP 
per patient (p < 0.01) [109]. Reduction of the postoperative 
pancreatic fistula rate and implementation of the enhanced 
recovery program can further decrease mean total costs per 
patient.

Laparoscopic pancreatoduodenectomy

For surgeons who highly experienced in laparoscopic pan-
creatoduodenectomy, indications are the same as for open 
pancreatoduodenectomy (EL: 3a; GoR: B). SCC: Level 4 
(70%).
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LPD is a technically demanding procedure. As a result, 
early series on LPD predominantly included patients with 
small benign or early-stage malignant lesions located in 
head of the pancreas, ampulla of Vater, and distal common 
bile duct with no signs of vascular invasion [110–112]. 
Patients with ampullary tumors, mucinous cystic neo-
plasms, and IPMNs were considered as good candidates for 
LPD since the lesions were located distant from the major 
vascular structures.

The vast majority of studies have been conducted in 
high-volume centers demonstrating that LPD is a feasible, 
safe, and effective approach in patients with benign and 
malignant pancreatic lesions [113, 114]. The criteria for 
patient selection did not significantly change with regard to 
the technique applied in these centers. A recent meta-anal-
ysis from De Rooij et  al. found no substantial differences 
in preoperative characteristics of patients undergoing OPD 
and MIPD, except the fact that the latter was less often 
employed for pancreatic cancer [115].

On the other hand, the analysis of the experience with 
LPD in the United States demonstrated a two-fold increase 
in the rate of perioperative mortality compared with OPD 
in low-volume centers (performing < 10 LPDs within 
2 years) [116]. These results may be attributed to the early 
learning curve in these centers. At same time, before per-
forming LPD surgeons should obtain a structured training 
and carefully consider the type of surgery in order to mini-
mize the risk for patients. In particular, surgeons in their 
early learning curve should exclude obese patients and 
limit the procedure to small tumors, confined to the pancre-
atic head without suspicion for vascular involvement [113, 
116–118]. With an increasing experience in LPD, these 
factors will become less relevant.

All in all, LPD is feasible and safe in experienced hands, 
however, it should be considered in selected cases and 
probably not in the low-volume centers.

Laparoscopic pancreatoduodenectomy seems to be 
advantageous over open approach in terms of blood 
loss, rate of delayed gastric emptying, and hospital 
stay, but results in longer operative time (EL: 3a). 
It also provides better quality of life within the first 
6 months after surgery (EL: 4). SCC: Level 3 (84%)

A number of systematic reviews have compared the 
outcomes of minimally invasive (including laparoscopic, 
hand-assisted, laparoscopy-assisted, and robot-assisted 
techniques) and open pancreatoduodenectomy [115, 
119–122]. These studies demonstrate that MIPD is asso-
ciated with less EBL and shorter hospital stay, but longer 
operative time compared with OPD. These findings were 
confirmed in the comparative studies between LPD vs 
OPD [114, 123–127]. Furthermore, several studies suggest 

significantly lower blood transfusion rates following LPD 
[128, 129].

Previous meta-analyses found no difference between 
MIPD vs OPD in terms of overall morbidity, POPF and 
CR-POPF rates [115, 119–122]. At the same time, De 
Rooij et  al. observed significantly lower rate of delayed 
gastric emptying (DGE) after MIPD [115]. Comparative 
studies also report similar morbidity and POPF after LPD 
and OPD [114, 118, 123, 124, 126, 127, 130], although 
Dokmak et  al. found significantly more grade C POPF in 
the laparoscopic group [125]. As previously mentioned, 
the obvious advantage of MIPD and, particularly, LPD is a 
fast recovery resulting in a shorter hospital stay [114, 115, 
118–122, 126, 130]. In patients with PDAC, these advan-
tages of laparoscopy provide premises for timely initiation 
of the adjuvant therapy [118].

Langan et  al. reported the first and only study on QoL 
after MIPD [131]. Although utilized for laparoscopy-
assisted pancreaticoduodenectomy, the study demonstrates 
that it is associated with favorable QoL within the first 
6  months compared with open surgery. Apparently, more 
data is needed to assess the QoL following LPD.

Short-term oncologic outcomes (harvested lymph nodes 
/positive resection margins) and survival are comparable 
between laparoscopic and open pancreatoduodenectomy 
(EL: 3a and 3b, respectively). SCC: Level 2 (88%).

Data on oncologic outcomes of LPD are insufficient. 
Only two out of 5 meta-analyses on MIPD vs OPD found 
significant differences in terms of total number of har-
vested lymph nodes and the  rate of positive resection 
margins [115, 121]. Correa-Gallego et  al. reported higher 
lymph node harvest and rate of negative margins following 
MIPD [121], whereas De Rooij and co-workers found no 
differences in a total number of retrieved lymph nodes but 
observed a lower rate of positive margins in MIPD group 
[115].

Two comparative studies between LPD and OPD report 
greater number of lymph nodes, retrieved by LPD [114, 
130]. Croome et  al. found that LPD was advantageous 
over OPD in terms of securing the margin-free resection in 
patients with major vascular resection [130]. In a matched 
case–control study, Song et al. found no differences in sur-
vival among patients with periampullary cancer follow-
ing LPD and OPD [126]. Palanivelu et al. reported 5-year 
survival of 32% in patients with periampullary cancer fol-
lowing LPD [132]. Another study from the same center 
reported 5-year survival of 20.9% in patients with PDAC 
[133]. However, both studies included only patients with 
early-stage cancer  (T1−2N0−1M0). Comparative studies on 
LPD vs OPD for PDAC found no statistically significant 
differences in survival [118, 129]. These findings were 
subsequently confirmed by Croome et al., when analyzing 
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the results of LPD and OPD combined with major vascular 
reconstruction [130].

Laparoscopic pancreatoduodenectomy becomes a stand-
ardized procedure after performing 30–60 procedures. 
Operation time, intraoperative blood loss, conversion, post-
operative complication rate, and length of hospital stay are 
the indicators for learning curve assessment (EL: 4; GoR: 
C). SCC: Level 2 (86%).

Several studies suggest that LPD can be safely per-
formed by experienced HPB surgeons, skilled in laparos-
copy during their early learning curve [127, 134]. At the 
same time, increased mortality (7.5%) in low-volume cent-
ers, demonstrated in the analysis of the American National 
Cancer Database, underscores the necessity of appropriate 
training, as well as hospital volume in successful applica-
tion LPD. Only one study focused on the learning curve for 
LPD has been published to date [112]. Kim et al. suggest 
that surgeon must be familiar with the “laparoscopic anat-
omy” of the region before considering LPD [112]. Analysis 
of the published data demonstrates that standardization of 
LPD leads to a significant reduction in operative time and 
EBL, which was shown within the first 30–60 cases [110, 
126, 127].

Currently, there is no standardized training process 
adopted for LPD. Training out of the operation room was 
proven to have a positive impact on basic skills during real 
laparoscopic procedures. Several studies have assessed 
simulation for basic laparoscopic skills [120, 135, 136]. A 
further step in laparoscopic simulation is to train surgeons 
in complex procedures, requiring more advanced techni-
cal skills, such as gastric and colorectal procedures, hepa-
tectomy, or pancreatectomy. The aim of this training is to 
reduce the learning curves and provide safe implementation 
of real procedures, especially for junior surgeons with lim-
ited access to advanced laparoscopic procedures.

Special models have been designed for training the 
technical skills in pancreatojejunostomy and hepaticoje-
junostomy during LPD [137]. Furthermore, LPD can be 
favorable over OPD in terms of the teaching process due 
to visual advantages provided by laparoscopy [138]. As a 
result, such training may enhance the understanding of the 
surgical anatomy.

Laparoscopic pancreatic enucleation

Indications for laparoscopic pancreatic enucleation do not 
differ from those in open surgery (EL: 3b; GoR: B). SCC: 
Level 1 (93%).

Indications for performing laparoscopic pancreatic enu-
cleation (LPE) include insulinomas, non-functioning pan-
creatic NETs, serous and mucinous pancreatic neoplasms, 
and branch duct IPMN [138–140]. Some authors also advo-
cate that pancreatic metastases from renal cell carcinoma 

can be removed by LPE in selected cases, since lymph node 
dissection is not mandatory [141, 142]. Tumor size must 
be “small.” Different authors claim that ideal tumor size 
should be up to 4 cm [138, 143], although tumors sized up 
to 10 cm were shown to be successfully removed by LPE 
[25].

Other key points are accurate localization of the lesion 
and assuring prudent distance from the main pancreatic 
duct (MPD). Since LPE lacks manual palpation, intraopera-
tive ultrasound is an essential tool that aids in identifying 
the lesion and avoiding MPD trauma. Recently, Laliotis 
et al. suggested a needle-guided LPE of insulinomas after 
localization of the lesion with the ultrasound [144]. Failure 
to correctly locate and identify the lesion is one of the main 
causes of conversion to open surgery, together with such 
issues as intraoperative hemorrhage, oncologic concerns, 
or reduced vision of the operative field [145]. According 
to the literature, conversion rate among published series 
ranges from 0 to 44% [146].

The minimal distance between the tumor and MPD 
should range from 2 to 3 mm in order to avoid the injury 
of MPD, which usually results in POPF [147, 148]. MRI 
cholangiopancreatography and LUS are the ideal imaging 
modalities for determining this distance in the preoperative 
and intraoperative settings, respectively [149]. Other meth-
ods of identifying the MPD, such as intraoperative pancrea-
tography using an endoscopic naso-pancreatic drain, also 
have been described in the literature [141].

Another important issue is lymph node dissection. In 
most cases, LPE is performed without dissecting any local 
lymph node. However, since even NETs smaller than 4 cm 
have the ability to develop lymph node metastases (<1 cm: 
14%; 1–1.9 cm: 9%; 2–2.9 cm: 37%; 3–3.9 cm: 56%), some 
authors advocate for performing routine nodal sampling 
[117, 150] or selective removal of the regional enlarged 
lymph nodes [151]. If the frozen section reveals lymph 
node metastasis, the surgeon should switch to formal pan-
creatoduodenectomy or distal pancreatectomy [8, 150].

Recent ENETS consensus guidelines consider enu-
cleation possible for the management of insulinoma, gas-
trinoma and non-functional pancreatic NETs >2 cm [152].

Although the results of laparoscopic and open enuclea-
tion are similar, laparoscopy results in reducing the opera-
tive time, blood loss, and postoperative pain (EL: 3b). 
SCC: Level 1 (91%).

The results of LPE in terms of postoperative and long-
term outcomes should not be directly compared with the 
results of other pancreatic resections, since it is usually 
performed for benign lesions. Given the fact that these 
lesions generally do not induce fibrotic changes in the 
pancreatic gland, the risk of POPF is increased, although 
it is clinically non-significant in the majority of cases. 
On the other hand, since these lesions are benign and 
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most of the patients are young, the long-term outcomes 
are especially important in terms of preserving pancre-
atic endocrine and exocrine functions.

LPE was shown to carry the advantages of shorter 
operative time, reduced blood loss, and less postop-
erative pain when compared with its open counterpart 
[148, 153]. The main complication arising after LPE is 
POPF. The published series report POPF after LPE with 
the average rate of 30–35%, which is similar to POPF 
reported for OPE [154]. Recently published compara-
tive studies showed comparable fistula rates after lapa-
roscopic and open enucleations [148, 153]. Thus, POPF 
seems to be more related to the distance between the 
tumor and the MPD than to the surgical approach itself. 
In contrast with pancreatoduodenectomy or distal pan-
createctomy, transection line along the lesion during 
enucleation can be larger in case of tumor >3  cm. Fur-
thermore, the secondary branches of the MPD might be 
involved. In addition, since there is usually no obstruc-
tion of the MPD by tumor, the pancreatic texture remains 
soft, fragile and particularly prone toward developing 
POPF. Recently, Heeger et  al. demonstrated that CR-
POPF and overall complications rates were higher in 
patients with less than 3 mm between the tumor and the 
MPD [149]. At the same time, Fernández-Cruz et  al. 
noted that CR-POPF was more frequent following LPE 
compared with the standard pancreatic resections [155]. 
Unfortunately, only a few reports mention CR-POPF, 
which usually ranges between 4 and 27% [143, 153, 155, 
156].

Some studies found that right-sided LPE (for lesions 
in the head/uncinate process of the pancreas) was asso-
ciated with longer operative time, higher rates of CR-
POPF, postoperative complications and prolonged hospi-
tal stay compared with the left-sided LPE (for tumors in 
the body and tail of the pancreas) [157, 158]. However, 
Afridi et al. report satisfactory outcomes in patients with 
the SPN located in the pancreatic head/uncinate process 
[25]. A comparative study from Sahakyan et al. suggests 
similar outcomes for left- and right-sided LPE [156]. 
Moreover, the latter is a reasonable alternative to pan-
creatoduodenectomy in selected cases.

Since patients subjected to LPE usually have benign 
or low-grade malignant tumors, the oncologic results in 
terms of local recurrence are excellent in the reported 
series. However, the majority of studies do not report 
on tumor recurrence. Although for many of them it is 
0%, some studies found tumor recurrence as high as 
25% [159]. One of the studies report recurrence rate of 
19% in patients with NETs, although this series include 
patients who had undergone open surgery [158].

Laparoscopic central pancreatectomy

Laparoscopic central pancreatectomy is feasible and safe 
in selected patients with small benign and low-grade malig-
nant lesions in the pancreatic neck and proximal body (EL: 
3b). SCC: Level 2 (87%).

Since the first publication in 2006, relatively small 
series have been described in the literature, and the larg-
est study included 26 patients [160]. Laparoscopic central 
pancreatectomy (LCP) is indicated in patients with benign 
or potentially low-grade malignant lesions, including cases 
where LPE should not be recommended due tumor prox-
imity to the MPD. LCP is also indicated for lesions in the 
pancreatic neck, when LDP would sacrifice a considerable 
portion of healthy pancreatic parenchyma.

Two aspects of LCP have raised concerns among sur-
geons. First, it is a technically more demanding procedure 
than LDP, since there is a need of pancreatic anastomosis. 
Second, POPF is a serious problem in the setting of LCP 
given the fact that there are two potential sources of pancre-
atic juice leak (proximal pancreatic transection point in the 
head of the pancreas and the anastomosis in the pancreatic 
body). Furthermore, usually normal parenchyma and non-
dilated MPD lead to a higher likelihood of leakage. Small 
experience in LCP reported in the literature hinders setting 
recommendations for its application.

Song et al. assessed the results of laparoscopic and open 
central pancreatectomy and found longer operative time but 
shorter hospital stay after LCP [160]. Other perioperative 
outcomes were similar in the two groups. The efficacy of 
LCP in preservation of the pancreatic endocrine and exo-
crine functions has been proven to be excellent compared 
to LDP. Crippa et  al. report reduced endocrine and exo-
crine insufficiency rates following open central pancreatec-
tomy compared with ODP (4% vs. 38% and 5% vs. 15.6%, 
respectively) [161]. While many reports do not explicitly 
explain long-term results of LCP, some series found no 
exocrine impairment but worsening of the endocrine func-
tion in up to 14.3% of cases [160, 162–165].

The most discussed topic, however, is probably the pan-
creatic anastomosis given the two possible options, such 
as pancreaticojejunal and pancreaticogastric anastomo-
ses (PJA and PGA, respectively). At the same time, there 
are a few points to consider on this issue. First, no stud-
ies published have compared PGA and PJA in the setting of 
LCP. Second, the evidence in the literature favoring PGA 
over PJA comes from the RCTs on pancreatoduodenec-
tomy including patients mainly with the malignant pan-
creatic disease, which results in chronic obstruction of the 
MPD and subsequent hard pancreas with the dilated MPD 
[166–168]. In contrast, patients undergoing LCP usually 
have non-dilated MPD and soft pancreatic gland, which can 
affect the incidence POPF. Third, pancreatic anastomosis 
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during LCP can be even more challenging compared with 
pancreatoduodenectomy. Finally, despite contradictory 
results, there are concerns about the effect of PGA on 
long-term endocrine and exocrine pancreatic functions 
[169, 170]. This may be an important subject to consider 
in patients with benign lesions due to a presumably long 
life expectancy. As there is no clear advantage of one of the 
anastomosis over another one, its choice seems to be a mat-
ter of preference for each surgeon.

Laparoscopic vs robotic pancreatic surgery

Robotic distal pancreatectomy does not seem to be advan-
tageous over laparoscopic approach in terms of surgical 
and oncologic outcomes (El. 3a; GoR: B). SCC: Level 2 
(89%).

Robotic pancreatoduodenectomy is a new technology 
that does not provide any clear benefits over laparoscopic 
pancreatoduodenectomy. Its role should be estimated in 
further studies (EL: 3b; GoR: B). SCC: Level 2 (84%).

The first cases of robot-assisted pancreatoduodenectomy 
(RPD) and robot-assisted distal pancreatectomy (RDP) 
have been introduced more than 10 years ago [171, 172]. 
Some studies consider the robotic approach advantageous 
over laparoscopy with regard to reduction of natural trem-
ors, absence of fulcrum effect, three-dimensional and high-
definition vision, seven degrees of freedom compared to 
three (EndoWrist technology®), and improved ergonom-
ics for the surgeon [37, 173]. In order to translate these 
advantages into clinical practice, a number of non-rand-
omized, comparative studies between robotic and laparo-
scopic techniques have been carried out [173–176]. Some 
of them report shorter length of hospital stay and higher 
rate of spleen preservation after RDP [59, 103, 177–179], 
although these findings were not confirmed in a study from 
Lee et al. (22% vs 8% for LDP vs RDP, respectively) [37]. 
Daouadi and co-workers experienced no conversions and 
demonstrated shorter operative time following RDP when 
compared with LDP (0% vs 16% and 293 vs 372  min, 
respectively) [175]. In patients with PDAC, RDP resulted 
in a higher rate of negative resection margins (100% vs 
64%) and increased lymph node yield (19 vs 9). Accord-
ing to the Italian multicenter study, RDP results in lower 
conversion rate (0% vs 21%) and intraoperative blood loss 
(462 vs 26mL), but longer operative time (291 vs 217 min) 
compared with LDP [178]. At the same time, no differ-
ences were found between the two techniques in terms 
POPF and postoperative complications. In contrast with 
these findings, Goh et al. report shorter operative time and 
lower conversion rate in laparoscopic group [179]. Further-
more, a prospective non-randomized study from Butturini 
et  al. found no advantages in RDP demonstrating similar 
intra- and postoperative outcomes, when compared to LDP 

[173]. Kang et  al. report longer operative time and also a 
two-fold increase in costs associated with RDP [59]. On the 
contrary, Waters et  al. found similar costs after RDP and 
LDP [103]. Interestingly, the actual operative time (exclud-
ing approximately 30 min required to dock and undock the 
robot) was comparable to LDP.

To date, three meta-analyses have been published on 
RDP vs LDP [176, 180, 181] all of which concluded that 
RDP is as safe and feasible as LDP. A study from Zhou 
et  al. including seven non-randomized controlled studies 
suggests longer operative time, but less blood loss, higher 
spleen preservation rate, and shorter hospital stay after 
RDP [180]. Conversely, a meta-analysis from Huang and 
co-workers, based on nine comparative studies, found no 
advantages over LDP with regard to intra- and postopera-
tive outcomes [176]. Gavriilidis et  al. observed less EBL, 
but higher readmission rate following RDP and no differ-
ences in postoperative complications and POPF [181].

The evidence on RPD is limited to case-series with the 
largest study including 200 patients [182]. Orti-Rodri-
guez et  al. conducted a comparative review between LPD 
and RPD including case series on more than five patients 
(284 vs 147 patients, respectively) [183]. Operative time, 
morbidity, and mortality were similar in the two groups, 
whereas the EBL, POPF, and conversion rates were higher 
in RPD group (346 vs 173mL, 28% vs 13%, and 11.6% 
vs 5.6%, respectively). Consequently, the length of stay 
was longer after RPD (13.8 vs 11.1 days). Although these 
results may favor LPD, a smaller experience in RPD should 
be taken into account.

Intraoperative laparoscopic ultrasound

Compared with preoperative imaging, intraoperative lapa-
roscopic ultrasound is an efficient tool, essential in the set-
ting of laparoscopic pancreatic surgery (EL: 4; GoR: C). 
SCC: Level 1 (94%).

The usefulness of laparoscopic ultrasound (LUS) has 
been reported for several indications in pancreatic surgery. 
However, its role has been most thoroughly examined in 
the laparoscopic staging of pancreatic tumors, as well as in 
LAPS for insulinoma and NETs. In 1995, John TG et  al. 
reported results in 40 consecutive patients with the poten-
tially resectable pancreatic or periampullary cancer, who 
underwent staging laparoscopy with LUS [184]. Occult 
metastases were found in 14 patients (35%). Furthermore, 
LUS detected unresectable tumor in 23 patients (59%) and 
changed the decision regarding tumor resectability in 10 
patients (25%). Thomson BN et  al. examined the results 
of utilizing laparoscopic staging and LUS for presum-
ably non-metastatic pancreatic or ampulllary tumors after 
the assessment of vascular involvement by a triple-phase 
CT scan [185]. Vascular involvement was graded from A 
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(fat plane separating tumor from the adjacent vessels) to 
F (tumor occluding the vessels), and grade A-D on a CT 
scan corresponded to potentially resectable tumor. Of 152 
patients with LUS, 56% were deemed unresectable (31% 
in grades A-D, 59% in grade E and 100% in grade F). As 
a result, LUS was concluded to be mainly indicated in 
patients with the grade A-D involvement. A meta-analysis 
from Handgraaf et al. including 17 studies found that sen-
sitivity of LUS for determining unresectability was 76%, 
whereas the negative predictive value (patients, correctly 
diagnosed with resectable disease) was 82% [186].

Other advantages are that LUS aids to confirm the loca-
tion of solitary tumor, detect additional tumors, locate 
“non-visible” tumors, and determine whether enucleation 
or pancreatic resection is more appropriate. LUS is particu-
larly useful in surgery for insulinoma. Grover et al. reported 
that LUS identified 12 of 14 insulinomas (86%) and was 
equivalent to angiography with the venous sampling [187]. 
The combination of preoperative CT scan and LUS helped 
determine the precise localization of tumor in 13 of 14 
cases (93%). Further studies on insulinoma also suggest 
that LUS is an effective tool for detecting the tumor and 
determining the extent of surgery [188–190]. At the same 
time, LUS requires a sufficient exposure of the pancreas; 
surgeon experienced in LUS and/or radiologist present at 
the operation room. All in all, LUS seems to be an indis-
pensible tool in the setting of LAPS.

Discussion

In this first European consensus on LAPS, a total num-
ber of 23 statements have been initially presented and 16 
achieved ≥ 85% SCC indicating high level of agreement. At 
the same time, several issues, such as cost-effectiveness of 
LPD and combined major vascular resections, have been 
discussed by the expert panel, but ultimately dropped from 
the list of statements due to low SCC and scarce data in the 
literature.

Only a few studies, mostly case reports have been pub-
lished on vascular resections during LPD [130, 191, 192]. 
Today, a limited number of centers report their experi-
ence in superior mesenteric/portal vein resection during 
LPD [130, 191–194]. The Mayo Clinic group reported less 
EBL during laparoscopic procedure and similar rates of 
postoperative morbidity and mortality compared with the 
open technique [130]. Several reports conclude that venous 
reconstruction can be safely performed by laparoscopy in 
case of tumor involvement of the superior mesenteric/portal 
vein [130, 193, 194]. At the same time, none of the studies 
examined potential benefits of LPD over OPD in patients 
with borderline resectable cancer. There are also no reports 
on the use of LPD in patients with the downstaged tumors 

after neoadjuvant chemotherapy. Type of venous recon-
struction also seems to be influenced by LPD since it can 
more difficult to close the venous defect transversely due to 
increased difficulty in mobilizing the vein and colon laparo-
scopically. As a result, patch may more often be needed to 
close the defect on the venous wall. The feasibility of arte-
rial resections in the setting of LPD is unclear. The review 
of the literature found only one report on laparoscopic 
arterial resection based on two cases [130]. However, this 
procedure is associated with poor short- and long-term out-
comes. Further studies are warranted to determine the role 
of arterial resection in the setting of PD.

Only two studies compared costs associated with LPD 
and OPD [124, 127]. Mesleh et  al. found that LPD leads 
to equivalent overall cost compared with OPD [124]. Inter-
estingly, although the operating time and supply cost were 
higher for LPD, they seem to be balanced by decreased 
costs due to reduced postoperative hospital stay. A study 
from Tan and co-workers found that LPD was linked to 
higher cost for surgery and anesthesia, but lower admission 
cost compared with OPD [127].

This study demonstrates that LAPS is currently in its 
development and exploration stages, as defined by the inter-
national IDEAL framework for surgical innovation [195]. 
The literature is mostly based on retrospective case–control 
studies and systematic reviews on these studies, while no 
RCTs have been published to date. The International Clini-
cal Trials Registry Platform of the World Health Organi-
zation was searched to identify ongoing RCTs. Two RCTs 
were found on LDP vs ODP: the multicenter LEOPARD-1 
RCT for all indications that is currently being performed 
in 17 centers of the Dutch Pancreatic Cancer Group, and 
the results are expected in 2017 (http://apps.who.int/trial-
search/Trial2.aspx?TrialID=NTR5188) and the single-
center LAPOP RCT from Sweden assessing the length of 
hospital stay following LDP and ODP in 60 patients with 
lesions the body and tail of the pancreas (http://apps.who.
int/trialsearch/Trial2.aspx?TrialID=ISRCTN26912858). 
Searching of the International Clinical Trials Registry 
Platform of the World Health Organization also yielded 
RCTs on LPD vs OPD for all indications. A trial from 
India focusing on postoperative morbidity according to 
the expanded Accordion Severity Grading System in 60 
patients (http://apps.who.int/trialsearch/Trial2.aspx?TrialI
D=CTRI/2013/09/004016) has been completed, so results 
are awaited. The monocenter PADULAP trial on LPD 
vs OPD is ongoing in Spain and will include 66 patients 
(http://apps.who.int/trialsearch/Trial2.aspx?TrialID=ISR
CTN9316893). The multicenter LEOPARD-2 phase 2/3 
RCT conducted by the Dutch Pancreatic Cancer Group is 
currently ongoing and investigates the safety and time to 
functional recovery after LPD and OPD (http://apps.who.
int/trialsearch/Trial2.aspx?TrialID=NTR5689).

http://apps.who.int/trialsearch/Trial2.aspx?TrialID=NTR5188
http://apps.who.int/trialsearch/Trial2.aspx?TrialID=NTR5188
http://apps.who.int/trialsearch/Trial2.aspx?TrialID=ISRCTN26912858
http://apps.who.int/trialsearch/Trial2.aspx?TrialID=ISRCTN26912858
http://apps.who.int/trialsearch/Trial2.aspx?TrialID=CTRI/2013/09/004016
http://apps.who.int/trialsearch/Trial2.aspx?TrialID=CTRI/2013/09/004016
http://apps.who.int/trialsearch/Trial2.aspx?TrialID=ISRCTN9316893
http://apps.who.int/trialsearch/Trial2.aspx?TrialID=ISRCTN9316893
http://apps.who.int/trialsearch/Trial2.aspx?TrialID=NTR5689
http://apps.who.int/trialsearch/Trial2.aspx?TrialID=NTR5689


Surg Endosc 

1 3

Compliance with ethical standards 

Disclosures Drs. Bjørn Edwin, Mohammad Abu Hilal, Marco 
Braga, Jean-Michel Fabre, Laureano Fernandez-Cruz, Brice Gayet, 
Song Cheol Kim, Igor E. Khatkov and Mushegh A. Sahakyan have no 
conflicts of interest or financial ties to disclose. Dr. Marc G. Besselink 
is funded by Ethicon International.

Appendix

The following investigators participated in this study as 
collaborator (upon acceptance of this manuscript, please 
list as collaborator in PubMed)

Magomet E. Baichorov,  MD1, Thijs De Rooij,  BSc2, 
Cansu G. Genç,  MD2, Sven-Petter Haugvik, MD,  PhD3, 
Roman E. Izrailov, MD,  PhD1, Arthur A. Khisamov,  MD1, 
Santiago Sánchez-Cabús, MD,  PhD4, Régis Souche,  MD5, 
Jony Van Hilst,  MD2.

1Department of Surgery, Moscow Clinical Scientific 
Center, Moscow, Russia.

2Department of surgery, Academic Medical Center, 
Amsterdam, the Netherlands.

3Department of Surgery, Drammen Hospital, Vestre 
Viken Hospital Trust, Drammen, Norway.

4Department of Surgery, Hospital Clinic, University of 
Barcelona, Barcelona, Spain.

5Department of Surgery and Liver Transplantation, 
Hopital Saint Eloi-Hopitaux Universitaires de Montpellier, 
Université de Montpellier, Montpellier, France.

References

 1. Cuschieri A (1994) Laparoscopic surgery of the pancreas. J R 
Coll Surg Edinb 39(3):178–184

 2. Gagner M, Pomp A (1994) Laparoscopic pylorus-preserving 
pancreatoduodenectomy. Surg Endosc 8(5):408–410

 3. De Rooij T, Besselink MG, Shamali A, Butturini G, Busch OR, 
Edwin B, Troisi R, Fernández-Cruz L, Dagher I, Bassi C, Abu 
Hilal M, DIPLOMA trial group (2016) Pan-European survey on 
the implementation of minimally invasive pancreatic surgery 
with emphasis on cancer. HPB 18(2):170–176

 4. Velanovich V (2006) Case-control comparison of laparo-
scopic versus open distal pancreatectomy. J Gastrointest Surg 
10(1):95–98

 5. Teh SH, Tseng D, Sheppard BC (2007) Laparoscopic and open 
distal pancreatic resection for benign pancreatic disease. J Gas-
trointest Surg 11(9):1120–1125

 6. Matsumoto T, Shibata K, Ohta M, Iwaki K, Uchida H, Yada K, 
Mori M, Kitano S (2008). Laparoscopic distal pancreatectomy 
and open distal pancreatectomy: a nonrandomized compara-
tive study. Surg Laparosc, Endosc & Percutaneous Tech 18(4): 
340–343.

 7. Aly MY, Tsutsumi K, Nakamura M, Sato N, Takahata S, Ueda 
J, Shimizu S, Redwan AA, Tanaka M (2010) Comparative study 
of laparoscopic and open distal pancreatectomy. J Laparoendo-
scopic Adv Surg Tech Part A 20(5):435–440

 8. Butturini G, Partelli S, Crippa S, Malleo G, Rossini R, 
Casetti L, Melotti GL, Piccoli M, Pederzoli P, Bassi C (2011) 
Perioperative and long-term results after left pancreatec-
tomy: a single-institution, non-randomized, comparative 
study between open and laparoscopic approach. Surg Endosc 
25(9):2871–2878

 9. Chung JC, Kim HC, Song OP (2014) Laparoscopic distal pan-
createctomy for benign or borderline malignant pancreatic 
tumors. Turk J Gastroenterol 25(Suppl 1):162–166

 10. Ricci C, Casadei R, Taffurelli G, Bogoni S, D’Ambra M, Ingaldi 
C, Pagano N, Pacilio CA, Minni F (2015) Laparoscopic distal 
pancreatectomy in benign or premalignant pancreatic lesions: is 
it really more cost-effective than open approach? J Gastrointest 
Surg 19(8):1415–1424

 11. Xourafas D, Tavakkoli A, Clancy TE, Ashley SW (2015) Distal 
pancreatic resection for neuroendocrine tumors: is laparoscopic 
really better than open? J Gastrointest Surg 19(5):831–840

 12. Yan JF, Kuang TT, Ji DY, Xu XW, Wang DS, Zhang RC, Jin 
WW, Mou YP, Lou WH (2015) Laparoscopic versus open dis-
tal pancreatectomy for benign or premalignant pancreatic neo-
plasms: a two-center comparative study. J Zhejiang Univ Sci B 
16(7):573–579

 13. Yoon YS, Lee KH, Han HS, Cho JY, Jang JY, Kim SW, Lee 
WJ, Kang CM, Park SJ, Han SS, Ahn YJ, Yu HC, Choi IS 
(2015) Effects of laparoscopic versus open surgery on splenic 
vessel patency after spleen and splenic vessel-preserving distal 
pancreatectomy: a retrospective multicenter study. Surg Endosc 
29(3):583–588

 14. Klompmaker S, van Zoggel D, Watkins AA, Eskander MF, 
Tseng JF, Besselink MG, Moser AJ (2016) Nationwide evalu-
ation of patient selection for minimally invasive distal pan-
createctomy using American College of Surgeons’ National 
Quality Improvement Program. Ann Surg DOI:10.1097/
SLA.0000000000001982

 15. Edwin B, Mala T, Mathisen O, Gladhaug I, Buanes T, Lunde 
OC, Søreide O, Bergan A, Fosse E (2004) Laparoscopic resec-
tion of the pancreas: a feasibility study of the short-term out-
come. Surg Endosc 18(3):407–411

 16. Fernandez-Cruz L, Cosa R, Blanco L, Levi S, Lopez-Boado 
MA, Navarro S (2007) Curative laparoscopic resection for pan-
creatic neoplasms: a critical analysis from a single institution. J 
Gastrointest Surg 11(12):1607–1621 discussion 21–2.

 17. Mehrabi A, Hafezi M, Arvin J, Esmaeilzadeh M, Garoussi C, 
Emami G, Kössler-Ebs J, Müller-Stich BP, Büchler MW, Hack-
ert T, Diener MK (2015) A systematic review and meta-analysis 
of laparoscopic versus open distal pancreatectomy for benign 
and malignant lesions of the pancreas: it’s time to randomize. 
Surgery 157(1):45–55

 18. Malleo G, Damoli I, Marchegiani G, Esposito A, Marchese T, 
Salvia R, Bassi C, Butturini G (2015) Laparoscopic distal pan-
createctomy: analysis of trends in surgical techniques, patient 
selection, and outcomes. Surg Endosc 29(7):1952–1962

 19. Kneuertz PJ, Patel SH, Chu CK, Fisher SB, Maithel SK, Sarm-
iento JM, Weber SM, Staley CA, Kooby DA (2012) Lapa-
roscopic distal pancreatectomy: trends and lessons learned 
through an 11-year experience. J Am Coll Surg 215(2):167–176

 20. Song KB, Kim SC, Park JB, Kim YH, Jung YS, Kim MH, Lee 
SK, Seo DW, Lee SS, Park DH, Han DJ (2011) Single-center 
experience of laparoscopic left pancreatic resection in 359 con-
secutive patients: changing the surgical paradigm of left pancre-
atic resection. Surg Endosc 25(10):3364–3372

 21. Anonsen KV, Buanes T, Rosok BI, Truls H, Edwin B (2015). 
Outcome of laparoscopic surgery in patients with cystic lesions 
in the distal pancreas. JOP. J Pancreas (Online) 16(3):266–270.

 22. Elola-Olaso AM, Allen A, Gagliardi RJ (2009). Laparo-
scopic distal pancreatectomy for solid and cystic pancreatic 

http://dx.doi.org/10.1097/SLA.0000000000001982
http://dx.doi.org/10.1097/SLA.0000000000001982


 Surg Endosc

1 3

neoplasms: outpatient postoperative management. Surg Lapa-
rosc, Endosc & Percutaneous Tech 19(6): 470–473.

 23. Ohtsuka T, Takahata S, Takanami H, Ueda J, Mizumoto K, 
Shimizu S, Tanaka M (2014) Laparoscopic surgery is appli-
cable for larger mucinous cystic neoplasms of the pancreas. J 
Hepato-Biliary-Pancreatic Sci 21(5):343–348

 24. Zhang RC, Yan JF, Xu XW, Chen K, Ajoodhea H, Mou YP 
(2013) Laparoscopic vs open distal pancreatectomy for solid 
pseudopapillary tumor of the pancreas. World J Gastroenterol 
19(37):6272–6277

 25. Afridi SA, Kazaryan AM, Marangos IP, Rosok BI, Fretland 
AA, Yaqub S, Edwin B (2014). Laparoscopic surgery for 
solid pseudopapillary tumor of the pancreas. JSLS 18(2): 
236–242.

 26. Namgoong JM, Kim DY, Kim SC, Kim SC, Hwang JH, Song 
KB (2014) Laparoscopic distal pancreatectomy to treat solid 
pseudopapillary tumors in children: transition from open to 
laparoscopic approaches in suitable cases. Pediatr Surg Int 
30(3):259–266

 27. Yuan C, Xiu D, Tao M, Ma Z, Jiang B, Li Z, Li L, Wang L, 
Wang H, Zhang T (2014) Data analysis of 36 cases with intra-
ductal papillary mucinous neoplasm of the pancreas for their 
clinicopathological features, diagnosis, and treatment. Chin 
Med J (Engl) 127(23):4087–4091

 28. Carboni F, Mancini P, Lorusso R, Santoro E (2009). Solitary 
true cyst of the pancreas in adults. A report of two cases. JOP 
10(4): 429–431.

 29. Au-Yong IT, Wemyss-Holden S, Lloyd DM (2004). Laparo-
scopic distal pancreatectomy for lymphoepithelial cyst of the 
pancreas. JSLS 8(4): 389–390.

 30. Harris AC, Chaudry MA, Menzies D, Conn PC (2012). Laparo-
scopic resection of an epidermoid cyst within an intrapancreatic 
accessory spleen: a case report and review article. Surg Lapa-
rosc, Endosc & Percutaneous Tech 22(4):e246–9.

 31. Jin T, Altaf K, Xiong JJ, Huang W, Javed MA, Mai G, Liu XB, 
Hu WM, Xia Q (2012) A systematic review and meta-analysis 
of studies comparing laparoscopic and open distal pancreatec-
tomy. HPB 14(11):711–724

 32. Jusoh AC, Ammori BJ (2012) Laparoscopic versus open distal 
pancreatectomy: a systematic review of comparative studies. 
Surg Endosc 26(4):904–913

 33. Sui CJ, Li B, Yang JM, Wang SJ, Zhou YM (2012) Laparo-
scopic versus open distal pancreatectomy: a meta-analysis. 
Asian J Surg 35(1):1–8

 34. Braga M, Pecorelli N, Ferrari D, Balzano G, Zuliani W, Cas-
toldi R (2015) Results of 100 consecutive laparoscopic distal 
pancreatectomies: postoperative outcome, cost-benefit analysis, 
and quality of life assessment. Surg Endosc 29(7):1871–1878

 35. Eom BW, Jang JY, Lee SE, Han HS, Yoon YS, Kim SW (2008) 
Clinical outcomes compared between laparoscopic and open 
distal pancreatectomy. Surg Endosc 22(5):1334–1338

 36. Kooby DA, Gillespie T, Bentrem D, Nakeeb A, Schmidt MC, 
Merchant NB, Parikh AA, Martin RC 2nd, Scoggins CR, 
Ahmad S, Kim HJ, Park J, Johnston F, Strouch MJ, Menze A, 
Rymer J, McClaine R, Strasberg SM, Talamonti MS, Staley 
CA, McMasters KM, Lowy AM, Byrd-Sellers J, Wood WC, 
Hawkins WG (2008) Left-sided pancreatectomy: a multicenter 
comparison of laparoscopic and open approaches. Ann Surg 
248(3):438–446

 37. Lee SY, Allen PJ, Sadot E, D’Angelica MI, DeMatteo RP, Fong 
Y, Jarnagin WR, Kingham TP (2015) Distal pancreatectomy: a 
single institution’s experience in open, laparoscopic, and robotic 
approaches. J Am Coll Surg 220(1):18–27

 38. Venkat R, Edil BH, Schulick RD, Lidor AO, Makary MA, 
Wolfgang CL (2012) Laparoscopic distal pancreatectomy is 
associated with significantly less overall morbidity compared to 

the open technique: a systematic review and meta-analysis. Ann 
Surg 255(6):1048–1059

 39. Nakamura M, Nakashima H (2013) Laparoscopic distal pan-
createctomy and pancreatoduodenectomy: is it worthwhile? A 
meta-analysis of laparoscopic pancreatectomy. J Hepato-Bil-
iary-Pancreatic Sci 20(4):421–428

 40. Taylor C, O’Rourke N, Nathanson L, Martin I, Hopkins G, 
Layani L, Ghusn M, Fielding G (2008) Laparoscopic distal pan-
createctomy: the Brisbane experience of forty-six cases. HPB 
10(1):38–42

 41. Diener MK, Seiler CM, Rossion I, Kleeff J, Glanemann M, But-
turini G, Tomazic A, Bruns CJ, Busch OR, Farkas S, Belyaev 
O, Neoptolemos JP, Halloran C, Keck T, Niedergethmann M, 
Gellert K, Witzigmann H, Kollmar O, Langer P, Steger U, Neu-
decker J, Berrevoet F, Ganzera S, Heiss MM, Luntz SP, Bruck-
ner T, Kieser M, Büchler MW (2011). Efficacy of stapler versus 
hand-sewn closure after distal pancreatectomy (DISPACT): a 
randomised, controlled multicentre trial. Lancet (London, Eng-
land) 377(9776): 1514–1522.

 42. Balzano G, Zerbi A, Cristallo M, Di Carlo V (2005) The 
unsolved problem of fistula after left pancreatectomy: the 
benefit of cautious drain management. J Gastrointest Surg 
9(6):837–842

 43. Pavlik Marangos I, Rosok BI, Kazaryan AM, Rosseland 
AR, Edwin B (2011) Effect of TachoSil patch in preven-
tion of postoperative pancreatic fistula. J Gastrointest Surg 
15(9):1625–1629

 44. Beane JD, Pitt HA, Nakeeb A, Schmidt CM, House MG, 
Zyromski NJ, Howard TJ, Lillemoe KD (2011) Splenic preserv-
ing distal pancreatectomy: does vessel preservation matter? J 
Am Coll Surg 212(4):651–657 discussion 7–8.

 45. Choi SH, Seo MA, Hwang HK, Kang CM, Lee WJ (2012) Is it 
worthwhile to preserve adult spleen in laparoscopic distal pan-
createctomy? Perioperative and patient-reported outcome analy-
sis. Surg Endosc 26(11):3149–3156

 46. Schreiber MA, Pusateri AE, Veit BC, Smiley RA, Morrison 
CA, Harris RA (1998) Timing of vaccination does not affect 
antibody response or survival after pneumococcal challenge in 
splenectomized rats. J Trauma 45(4):692–697 discussion 7–9.

 47. Werner AM, Solis MM, Vogel R, Southerland SS, Ashley AV, 
Floyd JC, Brown C, Ashley DW (1999) Improved antibody 
responses to delayed pneumococcal vaccination in splenecto-
mized rats. Am Surg 65(9):844–847 discussion 7–8.

 48. Leone G, Pizzigallo E (2015) Bacterial infections following 
splenectomy for malignant and nonmalignant hematologic dis-
eases. Mediterr J Hematol Infect Dis 7(1):e2015057

 49. Choi SH, Kang CM, Kim JY, Hwang HK, Lee WJ (2013) 
Laparoscopic extended (subtotal) distal pancreatectomy 
with resection of both splenic artery and vein. Surg Endosc 
27(4):1412–1413

 50. Mekeel KL, Moss AA, Reddy KS, Mulligan DC, Harold KL 
(2011). Laparoscopic distal pancreatectomy: does splenic pres-
ervation affect outcomes?. Surg Laparosc, Endosc & Percutane-
ous Tech 21(5): 362–365.

 51. Bruzoni M, Sasson AR (2008) Open and laparoscopic spleen-
preserving, splenic vessel-preserving distal pancreatectomy: 
indications and outcomes. J Gastrointest Surg 12(7):1202–1206

 52. Nau P, Melvin WS, Narula VK, Bloomston PM, Ellison EC, 
Muscarella P (2009) Laparoscopic distal pancreatectomy with 
splenic conservation: an operation without increased morbidity. 
Gastroenterol Res Pract 2009:846340

 53. Schloricke E, Nolde J, Hoffmann M, Roblick U, Bruch HP 
(2011). Laparoscopic spleen-preserving distal pancreatectomy. 
Langenbeck’s Arch Surgery 396(7): 1119–1123.

 54. Sciuto A, Abete R, Reggio S, Pirozzi F, Settembre A, Corcione 
F (2014) Laparoscopic spleen-preserving distal pancreatectomy 



Surg Endosc 

1 3

for insulinoma: experience of a single center. Int J Surg 
12(Suppl 1):S152–S155

 55. Zhao YP, Du X, Dai MH, Zhang TP, Liao Q, Guo JC, Cong 
L, Chen G (2012) Laparoscopic distal pancreatectomy with or 
without splenectomy: spleen-preservation does not increase 
morbidity. Hepatobiliary Pancreat Dis Int 11(5):536–541

 56. Kawaguchi Y, Fuks D, Nomi T, Levard H, Gayet B (2015) 
Laparoscopic distal pancreatectomy employing radical en bloc 
procedure for adenocarcinoma: Technical details and outcomes. 
Surgery 157(6):1106–1112

 57. Sun Z, Zhu Y, Zhang N (2015) The detail of the en bloc tech-
nique and prognosis of spleen-preserving laparoscopic dis-
tal pancreatectomy for pancreatic cancer. World J Surg Oncol 
13(1):322

 58. Bjornsson B, Sandstrom P (2014) Laparoscopic distal pancrea-
tectomy for adenocarcinoma of the pancreas. World J Gastroen-
terol 20(37):13402–13411

 59. Kang CM, Kim DH, Lee WJ, Chi HS (2011) Conventional 
laparoscopic and robot-assisted spleen-preserving pancreatec-
tomy: does da Vinci have clinical advantages? Surg Endosc 
25(6):2004–2009

 60. Adam JP, Jacquin A, Laurent C, Collet D, Masson B, Fernan-
dez-Cruz L, Sa-Cunha A (2013). Laparoscopic spleen-preserv-
ing distal pancreatectomy: splenic vessel preservation compared 
with the Warshaw technique. JAMA Surg 148(3): 246–252.

 61. Butturini G, Inama M, Malleo G, Manfredi R, Melotti GL, Pic-
coli M, Perandini S, Pederzoli P, Bassi C (2012) Perioperative 
and long-term results of laparoscopic spleen-preserving distal 
pancreatectomy with or without splenic vessels conservation: a 
retrospective analysis. J Surg Oncol 105(4):387–392

 62. Yan JF, Xu XW, Jin WW, Huang CJ, Chen K, Zhang RC, Har-
sha A, Mou YP (2014) Laparoscopic spleen-preserving distal 
pancreatectomy for pancreatic neoplasms: a retrospective study. 
World J Gastroenterol 20(38):13966–13972

 63. Lv GY, Wang GY, Jiang C, Ji B, Wang YC, Qiu W, Sun XD, 
Liu YH (2013). Laparoscopic spleen-preserving distal pancre-
atectomy with or without splenic vessel conservation: a retro-
spective study of 20 cases. Hepato-gastroenterology 60(127): 
1785–1788.

 64. Shi N, Liu SL, Li YT, You L, Dai MH, Zhao YP (2016) Splenic 
preservation versus splenectomy during distal pancreatec-
tomy: a systematic review and meta-analysis. Ann Surg Oncol 
23(2):365–374

 65. Elabbasy F, Gadde R, Hanna MM, Sleeman D, Livingstone A, 
Yakoub D (2015). Minimally invasive spleen-preserving distal 
pancreatectomy: does splenic vessel preservation have better 
postoperative outcomes?. A systematic review and meta-analy-
sis. Hepatobiliary & Pancreatic Dis Int 14(4): 346–353.

 66. Zhou ZQ, Kim SC, Song KB, Park KM, Lee JH, Lee YJ 
(2014) Laparoscopic spleen-preserving distal pancreatectomy: 
comparative study of spleen preservation with splenic ves-
sel resection and splenic vessel preservation. World J Surg 
38(11):2973–2979

 67. Fernandez-Cruz L, Martinez I, Gilabert R, Cesar-Borges G, 
Astudillo E, Navarro S (2004) Laparoscopic distal pancreatec-
tomy combined with preservation of the spleen for cystic neo-
plasms of the pancreas. J Gastrointest Surg 8(4):493–501

 68. Yoon YS, Lee KH, Han HS, Cho JY, Ahn KS (2009) Patency 
of splenic vessels after laparoscopic spleen and splenic vessel-
preserving distal pancreatectomy. Br J Surg 96(6):633–640

 69. Hwang HK, Chung YE, Kim KA, Kang CM, Lee WJ (2012) 
Revisiting vascular patency after spleen-preserving laparo-
scopic distal pancreatectomy with conservation of splenic ves-
sels. Surg Endosc 26(6):1765–1771

 70. Abu Hilal M, McPhail MJ, Zeidan BA, Jones CE, Johnson 
CD, Pearce NW (2009). Aggressive multi-visceral pancreatic 

resections for locally advanced neuroendocrine tumours. Is it 
worth it?. JOP 10(3): 276–279.

 71. Hill JS, McPhee JT, McDade TP, Zhou Z, Sullivan ME, 
Whalen GF, Tseng JF (2009) Pancreatic neuroendocrine 
tumors: the impact of surgical resection on survival. Cancer 
115(4):741–751

 72. Norton JA, Kivlen M, Li M, Schneider D, Chuter T, Jensen 
RT (2003) Morbidity and mortality of aggressive resection 
in patients with advanced neuroendocrine tumors. Arch Surg 
138(8):859–866

 73. Schurr PG, Strate T, Rese K, Kaifi JT, Reichelt U, Petri S, 
Kleinhans H, Yekebas EF, Izbicki JR (2007) Aggressive sur-
gery improves long-term survival in neuroendocrine pancreatic 
tumors: an institutional experience. Ann Surg 245(2):273–281

 74. Drymousis P, Raptis DA, Spalding D, Fernandez-Cruz L, 
Menon D, Breitenstein S, Davidson B, Frilling A (2014) Lapa-
roscopic versus open pancreas resection for pancreatic neuroen-
docrine tumours: a systematic review and meta-analysis. HPB 
16(5):397–406

 75. Tamburrino D, Partelli S, Renzi C, Crippa S, Muffatti F, Per-
ali C, Parisi A, Randolph J, Fusai GK, Cirocchi R, Falconi M 
(2016). Systematic review and meta-analysis on laparoscopic 
pancreatic resections for neuroendocrine neoplasms (PNENs). 
Expert Rev Gastroenterol & Hepatol. 8:1–9.

 76. Haugvik SP, Marangos IP, Rosok BI, Pomianowska E, Glad-
haug IP, Mathisen O, Edwin B (2013) Long-term outcome of 
laparoscopic surgery for pancreatic neuroendocrine tumors. 
World J Surg 37(3):582–590

 77. Pierce RA, Spitler JA, Hawkins WG, Strasberg SM, Linehan 
DC, Halpin VJ, Eagon JC, Brunt LM, Frisella MM, Matthews 
BD (2007) Outcomes analysis of laparoscopic resection of pan-
creatic neoplasms. Surg Endosc 21(4):579–586

 78. Kuroki T, Eguchi S (2015) Laparoscopic distal pancreatosple-
nectomy for pancreatic ductal adenocarcinoma. Surg Today 
45(7):808–812

 79. Hu M, Zhao G, Wang F, Zhao Z, Li C, Liu R (2014) Laparo-
scopic versus open distal splenopancreatectomy for the treat-
ment of pancreatic body and tail cancer: a retrospective, 
mid-term follow-up study at a single academic tertiary care 
institution. Surg Endosc 28(9):2584–2591

 80. Kooby DA, Hawkins WG, Schmidt CM, Weber SM, Bentrem 
DJ, Gillespie TW, Sellers JB, Merchant NB, Scoggins CR, Mar-
tin RC 3rd, Kim HJ, Ahmad S, Cho CS, Parikh AA, Chu CK, 
Hamilton NA, Doyle CJ, Pinchot S, Hayman A, McClaine R, 
Nakeeb A, Staley CA, McMasters KM, Lillemoe KD (2010). 
A multicenter analysis of distal pancreatectomy for adenocar-
cinoma: is laparoscopic resection appropriate? J Am Coll Surg 
210(5):779–85, 86–87.

 81. Magge D, Gooding W, Choudry H, Steve J, Steel J, Zureikat 
A, Krasinskas A, Daouadi M, Lee KK, Hughes SJ, Zeh HJ 3rd, 
Moser AJ (2013). Comparative effectiveness of minimally inva-
sive and open distal pancreatectomy for ductal adenocarcinoma. 
JAMA Surg 148(6): 525–31.

 82. Sharpe SM, Talamonti MS, Wang E, Bentrem DJ, Roggin KK, 
Prinz RA, Marsh RD, Stocker SJ, Winchester DJ, Baker MS 
(2015) The laparoscopic approach to distal pancreatectomy for 
ductal adenocarcinoma results in shorter lengths of stay without 
compromising oncologic outcomes. Am J Surg 209(3):557–563

 83. Shin SH, Kim SC, Song KB, Hwang DW, Lee JH, Lee D, Lee 
JW, Jun E, Park KM, Lee YJ (2015) A comparative study of 
laparoscopic vs. open distal pancreatectomy for left-sided 
ductal adenocarcinoma: a propensity score-matched analysis. J 
Am Coll Surg 220(2):177–185

 84. Sulpice L, Farges O, Goutte N, Bendersky N, Dokmak S, 
Sauvanet A, Delpero JR, ACHBT French Pancreatectomy 
Study Group (2015). Laparoscopic distal pancreatectomy for 



 Surg Endosc

1 3

pancreatic ductal adenocarcinoma: time for a randomized con-
trolled trial? results of an all-inclusive national observational 
study. Ann Surg 262(5): 868–874.

 85. Ricci C, Casadei R, Taffurelli G, Toscano F, Pacilio CA, Bogoni 
S, D’Ambra M, Pagano N, Di Marco MC, Minni F (2015) Lapa-
roscopic versus open distal pancreatectomy for ductal adenocar-
cinoma: a systematic review and meta-analysis. J Gastrointest 
Surg 19(4):770–781

 86. Rehman S, John SK, Lochan R, Jaques BC, Manas DM, Charn-
ley RM, French JJ, White SA (2014) Oncological feasibility of 
laparoscopic distal pancreatectomy for adenocarcinoma: a sin-
gle-institution comparative study. World J Surg 38(2):476–483

 87. Lee SH, Kang CM, Hwang HK, Choi SH, Lee WJ, Chi HS 
(2014) Minimally invasive RAMPS in well-selected left-sided 
pancreatic cancer within Yonsei criteria: long-term (> median 
3 years) oncologic outcomes. Surg Endosc 28(10):2848–2855

 88. Baker MS, Bentrem DJ, Ujiki MB, Stocker S, Talamonti MS 
(2011) Adding days spent in readmission to the initial postoper-
ative length of stay limits the perceived benefit of laparoscopic 
distal pancreatectomy when compared with open distal pancrea-
tectomy. Am J Surg 201(3):295–299 discussion 9‑300.

 89. Sahakyan MA, Kazaryan AM, Rawashdeh M, Fuks D, 
Shmavonyan M, Haugvik SP, Labori KJ, Buanes T, Røsok BI, 
Ignjatovic D, Abu Hilal M, Gayet B, Kim SC, Edwin B (2016) 
Laparoscopic distal pancreatectomy for pancreatic ductal 
adenocarcinoma: results of a multicenter cohort study on 196 
patients. Surg Endosc 30(8):3409–3418

 90. Adam MA, Choudhury K, Goffredo P, Reed SD, Blazer D 3rd, 
Roman SA, Sosa JA (2015) Minimally invasive distal pancrea-
tectomy for cancer: short-term oncologic outcomes in 1733 
patients. World J Surg 39(10):2564–2572

 91. Kang CM, Kim DH, Lee WJ (2010) Ten years of experience 
with resection of left-sided pancreatic ductal adenocarcinoma: 
evolution and initial experience to a laparoscopic approach. 
Surg Endosc 24(7):1533–1541

 92. Fernandez-Cruz L, Poves I, Pelegrina A, Burdio F, Sanchez-
Cabus S, Grande L (2016) Laparoscopic distal pancrea-
tectomy for pancreatic tumors: does size matter? Dig Surg 
33(4):290–298

 93. Marangos IP, Buanes T, Rosok BI, Kazaryan AM, Rosseland 
AR, Grzyb K, Villanger O, Mathisen Ø, Gladhaug IP, Edwin B 
(2012) Laparoscopic resection of exocrine carcinoma in central 
and distal pancreas results in a high rate of radical resections 
and long postoperative survival. Surgery 151(5):717–723

 94. Abu Hilal M, Richardson JR, de Rooij T, Dimovska E, Al-Saati 
H, Besselink MG (2016) Laparoscopic radical ‘no-touch’ left 
pancreatosplenectomy for pancreatic ductal adenocarcinoma: 
technique and results. Surg Endosc 30(9):3830–3838

 95. Asbun HJ, Stauffer JA (2011) Laparoscopic approach to dis-
tal and subtotal pancreatectomy: a clockwise technique. Surg 
Endosc 25(8):2643–2649

 96. Abe T, Ohuchida K, Miyasaka Y, Ohtsuka T, Oda Y, Nakamura 
M (2016) Comparison of Surgical Outcomes between radical 
antegrade modular pancreatosplenectomy (ramps) and standard 
retrograde pancreatosplenectomy (sprs) for left-sided pancreatic 
cancer. World J Surg 40(9):2267–2275

 97. Park HJ, You DD, Choi DW, Heo JS, Choi SH (2014) Role of 
radical antegrade modular pancreatosplenectomy for adeno-
carcinoma of the body and tail of the pancreas. World J Surg 
38(1):186–193

 98. Hartwig W, Vollmer C, Fingerhutt A, Yeo CJ, Neoptolemos JP, 
Adham M, Andrén-Sandberg A, Asbun HJ, Bassi C, Bockhorn 
M, Charnley R, Conlon KC, Dervenis C, Fernandez-Cruz L, 
Friess H, Gouma DJ, Imrie CW, Lillemoe KD, Milićević MN, 
Montorsi M, Shrikhande SV, Vashist YK, Izbicki JR, Büchler 
MW, International Study Group on Pancreatic Surgery (2014). 

Extended pancreatectomy in pancreatic ductal adenocarcinoma: 
definition and consensus of the International Study Group for 
Pancreatic Surgery (ISGPS). Surgery 156 (1):1–14.

 99. Cho A, Yamamoto H, Kainuma O, Ota T, Park S, Ikeda A, 
Souda H, Nabeya Y, Takiguchi N, Nagata M (2011) Pure laparo-
scopic distal pancreatectomy with en bloc celiac axis resection. 
J Laparoendoscopic Adv Surg Tech Part A 21(10):957–959

 100. Braga M, Ridolfi C, Balzano G, Castoldi R, Pecorelli N, Di 
Carlo V (2012) Learning curve for laparoscopic distal pancrea-
tectomy in a high-volume hospital. Updates Surg 64(3):179–183

 101. Barrie J, Ammori BJ (2015). Minimally invasive distal pancrea-
tectomy: a single-center analysis of outcome with experience 
and systematic review of the literature. Surg Laparosc, Endosc 
& Percutaneous Tech 25(4):297–302.

 102. Ricci C, Casadei R, Buscemi S, Taffurelli G, D’Ambra M, 
Pacilio CA, Minni F (2015) Laparoscopic distal pancreatec-
tomy: what factors are related to the learning curve? Surg Today 
45(1):50–56

 103. Waters JA, Canal DF, Wiebke EA, Dumas RP, Beane JD, Agu-
ilar-Saavedra JR, Ball CG, House MG, Zyromski NJ, Nakeeb 
A, Pitt HA, Lillemoe KD, Schmidt CM (2010) Robotic distal 
pancreatectomy: cost effective? Surgery 148(4):814–823

 104. Abu Hilal M, Hamdan M, Di Fabio F, Pearce NW, Johnson CD 
(2012) Laparoscopic versus open distal pancreatectomy: a clini-
cal and cost-effectiveness study. Surg Endosc 26(6):1670–1674

 105. Limongelli P, Belli A, Russo G, Cioffi L, D’Agostino A, Fantini 
C, Belli G (2012) Laparoscopic and open surgical treatment of 
left-sided pancreatic lesions: clinical outcomes and cost-effec-
tiveness analysis. Surg Endosc 26(7):1830–1836

 106. Rutz DR, Squires MH, Maithel SK, Sarmiento JM, Etra JW, 
Perez SD, Knechtle W, Cardona K, Russell MC, Staley CA 
3rd, Sweeney JF, Kooby DA (2014) Cost comparison analy-
sis of open versus laparoscopic distal pancreatectomy. HPB 
16(10):907–914

 107. Fox AM, Pitzul K, Bhojani F, Kaplan M, Moulton CA, Wei 
AC, McGilvray I, Cleary S, Okrainec A (2012) Comparison 
of outcomes and costs between laparoscopic distal pancrea-
tectomy and open resection at a single center. Surg Endosc 
26(5):1220–1230

 108. Kim SC, Park KT, Hwang JW, Shin HC, Lee SS, Seo DW, Lee 
SK, Kim MH, Han DJ (2008) Comparative analysis of clinical 
outcomes for laparoscopic distal pancreatic resection and open 
distal pancreatic resection at a single institution. Surg Endosc 
22(10):2261–2268

 109. Richardson J, Di Fabio F, Clarke H, Bajalan M, Davids J, Abu 
Hilal M (2015) Implementation of enhanced recovery pro-
gramme for laparoscopic distal pancreatectomy: feasibility, 
safety and cost analysis. Pancreatology 15(2):185–190

 110. Speicher PJ, Nussbaum DP, White RR, Zani S, Mosca PJ, 
Blazer DG 3rd, Clary BM, Pappas TN, Tyler DS, Perez A 
(2014) Defining the learning curve for team-based laparoscopic 
pancreaticoduodenectomy. Ann Surg Oncol 21(12):4014–4019

 111. Fisher SB, Kooby DA (2013) Laparoscopic pancreatectomy for 
malignancy. J Surg Oncol 107(1):39–50

 112. Kim SC, Song KB, Jung YS, Kim YH, Park do H, Lee SS, Seo 
DW, Lee SK, Kim MH, Park KM, Lee YJ (2013) Short-term 
clinical outcomes for 100 consecutive cases of laparoscopic 
pylorus-preserving pancreatoduodenectomy: improvement with 
surgical experience. Surg Endosc 27(1):95–103

 113. Kendrick ML, Cusati D (2010). Total laparoscopic pancrea-
ticoduodenectomy: feasibility and outcome in an early experi-
ence. Arch Surg (Chicago, Ill : 1960) 145(1):19–23.

 114. Asbun HJ, Stauffer JA (2012) Laparoscopic vs open pancrea-
ticoduodenectomy: overall outcomes and severity of complica-
tions using the Accordion Severity Grading System. J Am Coll 
Surg 215(6):810–819



Surg Endosc 

1 3

 115. de Rooij T, Lu MZ, Steen MW, Gerhards MF, Dijkgraaf MG, 
Busch OR, Lips DJ, Festen S, Besselink MG, Dutch Pancreatic 
Cancer Group (2016). Minimally invasive versus open pancrea-
toduodenectomy: systematic review and meta-analysis of com-
parative cohort and registry studies. Ann Surg 264(2): 257–267.

 116. Sharpe SM, Talamonti MS, Wang CE, Prinz RA, Roggin KK, 
Bentrem DJ, Winchester DJ, Marsh RD, Stocker SJ, Baker MS 
(2015) Early national experience with laparoscopic pancrea-
ticoduodenectomy for ductal adenocarcinoma: a comparison 
of laparoscopic pancreaticoduodenectomy and open pancreati-
coduodenectomy from the national cancer data base. J Am Coll 
Surg 221(1):175–184

 117. Liang S, Hameed U, Jayaraman S (2014) Laparoscopic pan-
createctomy: indications and outcomes. World J Gastroenterol 
20(39):14246–14254

 118. Croome KP, Farnell MB, Que FG, Reid-Lombardo KM, Truty 
MJ, Nagorney DM, Kendrick ML (2014) Total laparoscopic 
pancreaticoduodenectomy for pancreatic ductal adenocarci-
noma: oncologic advantages over open approaches? Ann Surg 
260(4):633–638 discussion 8–40.

 119. Lei P, Wei B, Guo W, Wei H (2014). Minimally invasive sur-
gical approach compared with open pancreaticoduodenec-
tomy: a systematic review and meta-analysis on the feasibil-
ity and safety. Surg Laparosc, Endosc & Percutaneous Tech 
24(4):296–305.

 120. Gurusamy K, Aggarwal R, Palanivelu L, Davidson BR (2008) 
Systematic review of randomized controlled trials on the effec-
tiveness of virtual reality training for laparoscopic surgery. Br J 
Surg 95(9):1088–1097

 121. Correa-Gallego C, Dinkelspiel HE, Sulimanoff I, Fisher S, 
Viñuela EF, Kingham TP, Fong Y, DeMatteo RP, D’Angelica 
MI, Jarnagin WR, Allen PJ (2014) Minimally-invasive vs open 
pancreaticoduodenectomy: systematic review and meta-analy-
sis. J Am Coll Surg 218(1):129–139

 122. Nigri G, Petrucciani N, La Torre M, Magistri P, Valabrega S, 
Aurello P, Ramacciato G (2014). Duodenopancreatectomy: 
open or minimally invasive approach?. Surg 12(4): 227–234

 123. Zureikat AH, Breaux JA, Steel JL, Hughes SJ (2011) Can lapa-
roscopic pancreaticoduodenectomy be safely implemented? J 
Gastrointest Surg 15(7):1151–1157

 124. Mesleh MG, Stauffer JA, Bowers SP, Asbun HJ (2013) Cost 
analysis of open and laparoscopic pancreaticoduodenectomy: a 
single institution comparison. Surg Endosc 27(12):4518–4523

 125. Dokmak S, Ftériche FS, Aussilhou B, Bensafta Y, Lévy P, 
Ruszniewski P, Belghiti J, Sauvanet A (2015) Laparoscopic 
pancreaticoduodenectomy should not be routine for resection of 
periampullary tumors. J Am Coll Surg 220(5):831–838

 126. Song KB, Kim SC, Hwang DW, Lee JH, Lee DJ, Lee JW, Park 
KM, Lee YJ (2015) Matched Case-Control Analysis Compar-
ing Laparoscopic and Open Pylorus-preserving Pancreaticoduo-
denectomy in Patients With Periampullary Tumors. Ann Surg 
262(1):146–155

 127. Tan CL, Zhang H, Peng B, Li KZ (2015) Outcome and costs 
of laparoscopic pancreaticoduodenectomy during the ini-
tial learning curve vs laparotomy. World J Gastroenterol 
21(17):5311–5319

 128. Croome KP, Farnell MB, Que FG, Reid-Lombardo K, Truty 
MJ, Nagorney DM, Kendrick ML (2014) Total laparoscopic 
pancreaticoduodenectomy for pancreatic ductal adenocarci-
noma: oncologic advantages over open approaches? Ann Surg 
260(4):633–640

 129. Stauffer JA, Coppola A, Villacreses D, Mody K, Johnson E, 
Li Z, Asbun HJ (2016) Laparoscopic versus open pancreati-
coduodenectomy for pancreatic adenocarcinoma: long-term 
results at a single institution. Surg Endosc. DOI:10.1007/
s00464-016-5222-1

 130. Croome KP, Farnell MB, Que FG, Reid-Lombardo KM, 
Truty MJ, Nagorney DM, Kendrick ML (2015) Pancreati-
coduodenectomy with major vascular resection: a comparison 
of laparoscopic versus open approaches. J Gastrointest Surg 
19(1):189–194 discussion 94.

 131. Langan RC, Graham JA, Chin AB, Rubinstein AJ, Oza K, 
Nusbaum JA, Smirniotopoulos J, Kayser R, Jha R, Haddad 
N, Al-Kawas F, Carroll J, Hanna J, Parker A, Al-Refaie WB, 
Johnson LB (2014) Laparoscopic-assisted versus open pan-
creaticoduodenectomy: early favorable physical quality-of-
life measures. Surgery 156(2):379–384

 132. Palanivelu C, Jani K, Senthilnathan P, Parthasarathi R, Raja-
pandian S, Madhankumar MV (2007) Laparoscopic pancrea-
ticoduodenectomy: technique and outcomes. J Am Coll Surg 
205(2):222–230

 133. Senthilnathan P, Srivatsan Gurumurthy S, Gul SI, Sabnis S, 
Natesan AV, Palanisamy NV, Praveen Raj P, Subbiah R, Ram-
akrishnan P, Palanivelu C (2015) Long-term results of laparo-
scopic pancreaticoduodenectomy for pancreatic and periam-
pullary cancer-experience of 130 cases from a tertiary-care 
center in South India. J Laparoendoscopic Adv Surg Tech 
Part A 25(4):295–300

 134. Qin H, Qiu J, Zhao Y, Pan G, Zeng Y (2014) Does minimally-
invasive pancreaticoduodenectomy have advantages over its 
open method? A meta-analysis of retrospective studies. PloS 
ONE 9(8):e104274

 135. Beyer L, Troyer JD, Mancini J, Bladou F, Berdah SV, 
Karsenty G (2011) Impact of laparoscopy simulator train-
ing on the technical skills of future surgeons in the operating 
room: a prospective study. Am J Surg 202(3):265–272

 136. Sutherland LM, Middleton PF, Anthony A, Hamdorf J, 
Cregan P, Scott D, Maddern GJ (2006) Surg simulation: a 
systematic review. Ann Surg 243(3):291–300

 137. Demirel D, Yu A, Halic T, Kockara S, editors (2014). Web 
based camera navigation for virtual pancreatic cancer surgery: 
Whipple surgery simulator (VPanSS). IEEE Innovations in 
Technology Conference (InnoTek) 2014. p. 1–8

 138. Subar D, Gobardhan PD, Gayet B (2014). Laparoscopic pan-
creatic surgery: An overview of the literature and experiences 
of a single center. Best Pract & Res Clin Gastroenterol 28(1): 
123–132.

 139. Thomas E, Matsuoka L, Alexopoulos S, Selby R, Parekh D 
(2015) Laparoscopic Hand-Assisted Parenchymal-Sparing 
Resections for Presumed Side-Branch Intraductal Papillary 
Mucinous Neoplasms. J Laparoendoscopic Adv Surg Tech 
Part A 25(8):668–671

 140. Mazza O, de Santibanes M, Cristiano A, Pekolj J, de San-
tibanes E (2014) [Laparoscopic enucleation of a periph-
eral branch intraductal papillary mucinous neoplasm situ-
ated in the pancreatic head. A new alternative]. Cir Esp 
92(4):291–293

 141. Kuroki T, Eguchi S (2014) Laparoscopic parenchyma-sparing 
pancreatectomy. J Hepato-Biliary-Pancreatic Sci 21(5):323–327

 142. Damoli I, Butturini G, Ramera M, Paiella S, Marchegiani 
G, Bassi C (2015). Minimally invasive pancreatic surgery - a 
review. Wideochirurgia i inne techniki maloinwazyjne = Vide-
osurgery and other miniinvasive techniques / kwartalnik pod 
patronatem Sekcji Wideochirurgii TChP oraz Sekcji Chirurgii 
Bariatrycznej TChP 10(2): 141–149.

 143. Dedieu A, Rault A, Collet D, Masson B, Sa Cunha A (2011) 
Laparoscopic enucleation of pancreatic neoplasm. Surg Endosc 
25(2):572–576

 144. Laliotis A, Martin J, Worthington TR, Marshall M, Isla AM 
(2015). A novel technique of needle-guided laparoscopic enu-
cleation of insulinomas. Surg Laparosc, Endosc & Percutaneous 
Tech 25(1):e24–6.

http://dx.doi.org/10.1007/s00464-016-5222-1
http://dx.doi.org/10.1007/s00464-016-5222-1


 Surg Endosc

1 3

 145. Costi R, Randone B, Mal F, Basato S, Levard H, Gayet B 
(2013). Laparoscopic minor pancreatic resections (enuclea-
tions/atypical resections). A long-term appraisal of a supposed 
mini-invasive approach. Wideochirurgia i inne techniki maloin-
wazyjne = Videosurgery and other miniinvasive techniques / 
kwartalnik pod patronatem Sekcji Wideochirurgii TChP oraz 
Sekcji Chirurgii Bariatrycznej TChP 8(2): 117–129.

 146. Briggs CD, Mann CD, Irving GR, Neal CP, Peterson M, Cam-
eron IC, Berry DP (2009) Systematic review of minimally inva-
sive pancreatic resection. J Gastrointest Surg 13(6):1129–1137

 147. Brient C, Regenet N, Sulpice L, Brunaud L, Mucci-Hennekine 
S, Carrere N, Milin J, Ayav A, Pradere B, Hamy A, Bresler L, 
Meunier B, Mirallié E (2012) Risk factors for postoperative 
pancreatic fistulization subsequent to enucleation. J Gastrointest 
Surg 16(10):1883–1887

 148. Song KB, Kim SC, Hwang DW, Lee JH, Lee DJ, Lee JW, 
Jun ES, Sin SH, Kim HE, Park KM, Lee YJ (2015) Enuclea-
tion for benign or low-grade malignant lesions of the pancreas: 
Single-center experience with 65 consecutive patients. Surgery 
158(5):1203–1210

 149. Heeger K, Falconi M, Partelli S, Waldmann J, Crippa S, Fend-
rich V, Bartsch DK (2014). Increased rate of clinically relevant 
pancreatic fistula after deep enucleation of small pancreatic 
tumors. Langenbeck’s Arch Surg 399(3): 315–321

 150. Fernandez-Cruz L, Molina V, Vallejos R, Jimenez Chavarria E, 
Lopez-Boado MA, Ferrer J (2012) Outcome after laparoscopic 
enucleation for non-functional neuroendocrine pancreatic 
tumours. HPB 14(3):171–176

 151. Crippa S, Boninsegna L, Partelli S, Falconi M (2010) Paren-
chyma-sparing resections for pancreatic neoplasms. J Hepato-
Biliary-Pancreatic Sci 17(6):782–787

 152. Falconi M, Eriksson B, Kaltsas G, Bartsch DK, Capdevila J, 
Caplin M, Kos-Kudla B, Kwekkeboom D, Rindi G, Klöppel G, 
Reed N, Kianmanesh R, Jensen RT, Vienna Consensus Confer-
ence participants (2016). ENETS Consensus guidelines update 
for the management of patients with functional pancreatic neu-
roendocrine tumors and non-functional pancreatic neuroendo-
crine tumors. Neuroendocrinology 103(2): 153–171.

 153. Zhang RC, Zhou YC, Mou YP, Huang CJ, Jin WW, Yan JF, 
Wang YX, Liao Y (2015) Laparoscopic versus open enuclea-
tion for pancreatic neoplasms: clinical outcomes and pancreatic 
function analysis. Surg Endosc 30(7):2657–2665

 154. Inchauste SM, Lanier BJ, Libutti SK, Phan GQ, Nilubol N, 
Steinberg SM, Kebebew E, Hughes MS (2012) Rate of clini-
cally significant postoperative pancreatic fistula in pancreatic 
neuroendocrine tumors. World J Surg 36(7):1517–1526

 155. Fernandez-Cruz L, Blanco L, Cosa R, Rendon H (2008) Is lapa-
roscopic resection adequate in patients with neuroendocrine 
pancreatic tumors?. World J Surg 32(5):904–917

 156. Sahakyan MA, Rosok BI, Kazaryan AM, Barkhatov L, Haug-
vik SP, Fretland AA, Ignjatovic D, Labori KJ, Edwin B (2016) 
Role of laparoscopic enucleation in the treatment of pancreatic 
lesions: case series and case-matched analysis. Surg Endosc 
DOI:10.1007/s00464-016-5233-y

 157. Costi R, Randone B, Mal F, Basato S, Levard H, Gayet B 
(2013). A critical appraisal of laparoscopic pancreatic enuclea-
tions: right-sided procedures (Pancreatic Head, Uncus) are not 
mini-invasive surgery. Surg Laparosc, Endosc & Percutaneous 
Tech 23 (6): 524–531.

 158. Jilesen AP, van Eijck CH, Busch OR, van Gulik TM, Gouma 
DJ, van Dijkum EJ (2015) Postoperative outcomes of enuclea-
tion and standard resections in patients with a pancreatic neu-
roendocrine tumor. World J Surg 40(3):715–728

 159. Karaliotas C, Sgourakis G (2009) Laparoscopic versus open 
enucleation for solitary insulinoma in the body and tail of the 
pancreas. J Gastrointest Surg 13(10):1869

 160. Song KB, Kim SC, Park KM, Hwang DW, Lee JH, Lee DJ, Lee 
JW, Jun ES, Shin SH, Kim HE, Lee YJ (2015) Laparoscopic 
central pancreatectomy for benign or low-grade malignant 
lesions in the pancreatic neck and proximal body. Surg Endosc 
29(4):937–946

 161. Crippa S, Bassi C, Warshaw AL, Falconi M, Partelli S, Thayer 
SP, Pederzoli P, Fernández-del Castillo C (2007) Middle pan-
createctomy: indications, short- and long-term operative out-
comes. Ann Surg 246(1):69–76

 162. Senthilnathan P, Gul SI, Gurumurthy SS, Palanivelu PR, Par-
thasarathi R, Palanisamy NV, Natesan VA, Palanivelu C (2015) 
Laparoscopic central pancreatectomy: our technique and long-
term results in 14 patients. J Minim Access Surg 11(3):167–171

 163. Machado MA, Surjan RC, Epstein MG, Makdissi FF (2013). 
Laparoscopic central pancreatectomy: a review of 51 cases. 
Surg Laparosc, Endosc & Percutaneous Tech 23(6): 486–490.

 164. Dokmak S, Aussilhou B, Fteriche FS, Levy P, Ruszniewski P, 
Belghiti J, Sauvanet A (2014) Pure laparoscopic middle pancre-
atectomy: single-center experience with 13 cases. Surg Endosc 
28(5):1601–1606

 165. Zhang R, Xu X, Yan J, Wu D, Ajoodhea H, Mou Y (2013) Lap-
aroscopic central pancreatectomy with pancreaticojejunostomy: 
preliminary experience with 8 cases. J Laparoendoscopic Adv 
Surg Tech Part A 23(11):912–918

 166. Figueras J, Sabater L, Planellas P, Munoz-Forner E, Lopez-
Ben S, Falgueras L, Sala-Palau C, Albiol M, Ortega-Serrano J, 
Castro-Gutierrez E (2013) Randomized clinical trial of pancrea-
ticogastrostomy versus pancreaticojejunostomy on the rate and 
severity of pancreatic fistula after pancreaticoduodenectomy. Br 
J Surg 100(12):1597–1605

 167. Fernandez-Cruz L, Cosa R, Blanco L, Lopez-Boado MA, Astu-
dillo E (2008) Pancreatogastrostomy with gastric partition after 
pylorus-preserving pancreatoduodenectomy versus conven-
tional pancreatojejunostomy: a prospective randomized study. 
Ann Surg 248(6):930–938

 168. Topal B, Fieuws S, Aerts R, Weerts J, Feryn T, Roeyen G, Ber-
trand C, Hubert C, Janssens M, Closset J; Belgian Section of 
Hepatobiliary and Pancreatic Surgery (2013). Pancreaticoje-
junostomy versus pancreaticogastrostomy reconstruction after 
pancreaticoduodenectomy for pancreatic or periampullary 
tumours: a multicentre randomised trial. Lancet Oncol 14(7): 
655–662.

 169. Rault A, SaCunha A, Klopfenstein D, Larroude D, Epoy FN, 
Collet D, Masson B (2005) Pancreaticojejunal anastomosis 
is preferable to pancreaticogastrostomy after pancreaticoduo-
denectomy for longterm outcomes of pancreatic exocrine func-
tion. J Am Coll Surg 201(2):239–244

 170. Jang JY, Kim SW, Park SJ, Park YH (2002) Comparison of 
the functional outcome after pylorus-preserving pancreatoduo-
denectomy: pancreatogastrostomy and pancreatojejunostomy. 
World J Surg 26(3):366–371

 171. Melvin WS, Needleman BJ, Krause KR, Ellison EC (2003) 
Robotic resection of pancreatic neuroendocrine tumor. J Lapa-
roendoscopic Adv Surg Tech Part A 13(1):33–36

 172. Giulianotti PC, Coratti A, Angelini M, Sbrana F, Cecconi S, 
Balestracci T, Caravaglios G (2003) Robotics in general sur-
gery: personal experience in a large community hospital. 
Archives of surgery 138(7):777–784

 173. Butturini G, Damoli I, Crepaz L, Malleo G, Marchegiani G, 
Daskalaki D, Esposito A, Cingarlini S, Salvia R, Bassi C (2015) 
A prospective non-randomised single-center study comparing 
laparoscopic and robotic distal pancreatectomy. Surg Endosc 
29(11):3163–3170

 174. Chen S, Zhan Q, Chen JZ, Jin JB, Deng XX, Chen H, Shen BY, 
Peng CH, Li HW (2015) Robotic approach improves spleen-
preserving rate and shortens postoperative hospital stay of 

http://dx.doi.org/10.1007/s00464-016-5233-y


Surg Endosc 

1 3

laparoscopic distal pancreatectomy: a matched cohort study. 
Surg Endosc 29(12):3507–3518

 175. Daouadi M, Zureikat AH, Zenati MS, Choudry H, Tsung 
A, Bartlett DL, Hughes SJ, Lee KK, Moser AJ, Zeh HJ 
(2013) Robot-assisted minimally invasive distal pancreatec-
tomy is superior to the laparoscopic technique. Ann Surg 
257(1):128–132

 176. Huang B, Feng L, Zhao J (2016) Systematic review and meta-
analysis of robotic versus laparoscopic distal pancreatectomy 
for benign and malignant pancreatic lesions. Surg Endosc 
30(9):4078–4085

 177. Duran H, Ielpo B, Caruso R, Ferri V, Quijano Y, Diaz E, Fabra 
I, Oliva C, Olivares S, Vicente E (2014). Does robotic distal 
pancreatectomy surgery offer similar results as laparoscopic 
and open approach? A comparative study from a single medical 
center. Int J Med Robot + Comput Assist Surg 10(3): 280–285.

 178. Balzano G, Bissolati M, Boggi U, Bassi C, Zerbi A, Falconi M 
(2014) A multicenter survey on distal pancreatectomy in Italy: 
results of minimally invasive technique and variability of perio-
perative pathways. Updates Surg 66(4):253–263

 179. Goh BK, Chan CY, Soh HL, Lee SY, Cheow PC, Chow PK, 
Ooi LL, Chung AY (2016). A comparison between robotic-
assisted laparoscopic distal pancreatectomy versus laparoscopic 
distal pancreatectomy. Int J Med Robot + Comput Assist Surg 
DOI:10.1002/rcs.1733.

 180. Zhou JY, Xin C, Mou YP, Xu XW, Zhang MZ, Zhou YC, Lu 
C, Chen RG (2016) Robotic versus laparoscopic distal pancre-
atectomy: a meta-analysis of short-term outcomes. PloS ONE 
11(3):e0151189

 181. Gavriilidis P, Lim C, Menahem B, Lahat E, Salloum C, Azou-
lay D (2016) Robotic versus laparoscopic distal pancreatec-
tomy—the first meta-analysis. HPB 18(7):567–574

 182. Boone BA, Zenati M, Hogg ME, Steve J, Moser AJ, Bartlett 
DL, Zeh HJ, Zureikat AH (2015). Assessment of quality out-
comes for robotic pancreaticoduodenectomy: identification of 
the learning curve. JAMA Surg 150(5): 416–422.

 183. Orti-Rodriguez RJ, Rahman SH (2014). A comparative review 
between laparoscopic and robotic pancreaticoduodenectomies. 
Surg Laparosc, Endosc & Percutaneous Tech 24(2): 103–108.

 184. John TG, Greig JD, Carter DC, Garden OJ (1995) Carcinoma 
of the pancreatic head and periampullary region. Tumor staging 
with laparoscopy and laparoscopic ultrasonography. Ann Surg 
221(2):156–164

 185. Thomson BN, Parks RW, Redhead DN, Welsh FK, Madhavan 
KK, Wigmore SJ, Garden OJ (2006) Refining the role of lap-
aroscopy and laparoscopic ultrasound in the staging of pre-
sumed pancreatic head and ampullary tumours. Br J Cancer 
94(2):213–217

 186. Handgraaf HJ, Boonstra MC, Van Erkel AR, Bonsing BA, 
Putter H, Van De Velde CJ, Vahrmeijer AL, Mieog JS (2014). 
Current and future intraoperative imaging strategies to increase 
radical resection rates in pancreatic cancer surgery. BioMed Res 
Int 2014:890230.

 187. Grover AC, Skarulis M, Alexander HR, Pingpank JF, Javor ED, 
Chang R, Shawker T, Gorden P, Cochran C, Libutti SK (2005) 
A prospective evaluation of laparoscopic exploration with intra-
operative ultrasound as a technique for localizing sporadic insu-
linomas. Surgery 138(6):1003–1008 discussion 8.

 188. Isla A, Arbuckle JD, Kekis PB, Lim A, Jackson JE, Todd JF, 
Lynn J (2009) Laparoscopic management of insulinomas. Br J 
Surg 96(2):185–190

 189. Luo Y, Liu R, Hu MG, Mu YM, An LC, Huang ZQ (2009) Lap-
aroscopic surgery for pancreatic insulinomas: a single-institu-
tion experience of 29 cases. J Gastrointest Surg 13(5):945–950

 190. Li W, An L, Liu R, Yao K, Hu M, Zhao G, Tang J, Lv F (2011) 
Laparoscopic ultrasound enhances diagnosis and localization of 
insulinoma in pancreatic head and neck for laparoscopic surgery 
with satisfactory postsurgical outcomes. Ultrasound Med Biol 
37(7):1017–1023

 191. Awad ZT (2014) Totally laparoscopic pancreaticoduodenec-
tomy for pancreatic head cancer with involvement of the supe-
rior mesenteric vein-portal vein confluence. Annals Surg Oncol 
21(11):3439

 192. Khatkov IE, Izrailov RE, Tiutiunnik PS, Khisamov AA (2014). 
Totally laparoscopic pancreatico-duodenectomy with tangential 
portal vein resection. Eur J Endosc Laparosc Surg 1(2):92–95.

 193. Kendrick ML, Sclabas GM (2011) Major venous resection 
during total laparoscopic pancreaticoduodenectomy. HPB 
13(7):454–458

 194. Khatkov IE, Izrailov RE, Khisamov AA, Tyutyunnik PS, Fin-
gerhut A (2016) Superior mesenteric-portal vein resection 
during laparoscopic pancreatoduodenectomy. Surg Endosc 
doi:10.1007/s00464-016-5115-3

 195. McCulloch P, Altman DG, Campbell WB, Flum DR, Glasziou 
P, Marshall JC, Nicholl J, Balliol Collaboration, Aronson JK, 
Barkun JS, Blazeby JM, Boutron IC, Campbell WB, Clavien 
PA, Cook JA, Ergina PL, Feldman LS, Flum DR, Maddern GJ, 
Nicholl J, Reeves BC, Seiler CM, Strasberg SM, Meakins JL, 
Ashby D, Black N, Bunker J, Burton M, Campbell M, Chalki-
dou K, Chalmers I, de Leval M, Deeks J, Ergina PL, Grant A, 
Gray M, Greenhalgh R, Jenicek M, Kehoe S, Lilford R, Little-
johns P, Loke Y, Madhock R, McPherson K, Meakins J, Roth-
well P, Summerskill B, Taggart D, Tekkis P, Thompson M, 
Treasure T, Trohler U, Vandenbroucke J (2009). No surgical 
innovation without evaluation: the IDEAL recommendations. 
Lancet (London, England) 374(9695):1105–1112

http://dx.doi.org/10.1002/rcs.1733
http://dx.doi.org/10.1007/s00464-016-5115-3

	Laparoscopic surgery for pancreatic neoplasms: the European association for endoscopic surgery clinical consensus conference
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Materials and methods
	Literature search and appraisal
	Consensus development

	Results
	Laparoscopic distal pancreatectomy
	Laparoscopic pancreatoduodenectomy
	Laparoscopic pancreatic enucleation
	Laparoscopic central pancreatectomy
	Laparoscopic vs robotic pancreatic surgery
	Intraoperative laparoscopic ultrasound

	Discussion
	References


