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 Introduction 

 Ever since the very first description of a minimally in-
vasive approach to the abdominal cavity by Bernheim  [1] , 
laparoscopic surgery has emerged as integral operative 
technique in almost every surgical discipline around the 
turn of the millennium. Driven by major technical prog-
ress and developments, laparoscopic procedures have ad-
vanced to represent the new gold standard in gastrointes-
tinal surgery such as cholecystectomy, inguinal hernia re-
pair or fundoplication. Besides colorectal surgery, efforts 
to extend the minimal access approach to more complex 
gastrointestinal procedures have reached pancreatic sur-
gery a few years ago as well.

  The role of laparoscopy as a staging tool for pancre-
atic diseases was described by Bernheim  [1] , Cuschieri et 
al.  [2],  Ishida  [3]  and Meyer-Burg et al.  [4] , years ago. 
Subsequently, Gagner and Pomp  [5]  performed the first 
major laparoscopic pancreatic resection, represented by 
a Whipple’s procedure.

  The laparoscopic approach to pancreatic surgery is 
essentially hampered by the anatomic location of the or-
gan in the retroperitoneum and its proximity to major 
blood vessels. Furthermore, the friable nature of the 
gland itself and the difficulty of its exposure are major 
drawbacks to minimally invasive surgery  [6] . Along 
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 Laparoscopic procedures have advanced to represent the 
new gold standard in many surgical fields. Although applica-
tion in pancreatic surgery is hampered by the friable nature 
of the gland and the difficulty of its exposure, advanced 
technology and surgeons’ experience are leading to an ex-
pansion of minimally invasive pancreatic surgery. Address-
ing the whole range of main operative procedures, this re-
view analyzes the literature data so far to give an overview 
about the current status of minimally invasive pancreatic 
surgery, its indications and limitations. In acute pancreatitis, 
a step-up approach from percutaneous drainage to retro-
peritoneoscopic necrosectomy seems beneficial. Transgas-
tric necrosectomy also preserves the retroperitoneal com-
partment in contrast to the laparoscopic approach, which 
has widely been abandoned. In tumor pathology, laparo-
scopic access is adequate for small benign lesions in the pan-
creatic tail and body. Oncological outcome shows to be at 
least equal to the open procedure. Concerning laparoscopic 
pancreaticoduodenectomy, there is no evidence for a pa-
tients’ benefit currently although several studies prove that 
it can be done.  © 2016 S. Karger AG, Basel 
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with advanced technology and surgeons’ experience, 
minimally invasive procedures are now applied to drain 
pancreatic pseudocysts, benign tumors and even to re-
sect malignant tumors including pancreatoduodenec-
tomy (PD).

  This review aims at providing an overview about the 
current status of minimally invasive pancreatic surgery, 
its indications and limitations.

  Current State of Minimally Invasive Pancreatic 

Surgery 

 A number of recent studies have shown impressively 
that almost all open procedures may be performed lapa-
roscopically as well  [7] . Besides the sole aspect of techni-
cal feasibility, questions remain as to whether the laparo-
scopic approach offers any benefit for the patient.

  While the procedural trauma is basically the same, lap-
aroscopy minimizes the surgical access trauma  [8] . Pa-
tients suffer less pain, have a shorter ICU and total hospi-
tal stay, and experience a faster postoperative recovery 
 [9] . Because of the early mobilization, non-surgical post-
operative morbidity can be reduced. Long-term compli-
cations such as incisional hernias are observed less fre-
quently.

  Furthermore, the laparoscopic technique improves 
the surgical preparation by its magnified view  [9] . Opera-
tion time is equal or longer, but blood loss is significantly 
lower, because small arteries and veins can be identified 
much better and bleeding can be easily controlled. Final-
ly, it is discussed that laparoscopy, especially in case of 
malignant tumors, has less immunosuppressive effects 
due to the blunt stress response  [10] .

  Bearing in mind the aforementioned advantages of 
minimally invasive over open approaches to pancreatic 
surgery, there are a number of indications that have been 
published in the literature.

  Diagnostic Laparoscopy 

 Diagnostic laparoscopy was the first minimally inva-
sive approach in pancreatic disorders such as staging of 
pancreatic tumors, which still remains an indication for 
selected patients with pancreatic cancer  [11] . Nowadays, 
technical improvements allow single-port access with 
curved instruments by an umbilical incision <15 mm and 
a 45–60 min operation time as described by Dapri et al. 
 [12] .

  Pancreatic Necrosis 

 Until the 1990s, the standard procedure for infected 
necrosis was open necrosectomy combined with various 
approaches to manage the peri-pancreatic space postop-
eratively such as open packing, scheduled re-explorations 
or continuous closed lavage  [13] . Hence, minimally inva-
sive procedures are increasingly applied in necrotizing 
pancreatitis and seem to reduce the incidence of postop-
erative new-onset organ failure compared with the open 
procedures  [14–18] . There are a number of different lap-
aroscopic and minimally invasive techniques with favor-
able results currently used in this setting.

  Percutaneous/Endoscopic Retroperitoneal 
Necrosectomy 
 This technique employs CT-guided pigtail catheter 

drainage of the necrotic/infected collections as the first 
step. This canal is then widened up to 30 F allowing access 
by an endoscope with subsequent removal of necrosis and 
infected debris in piecemeal technique. This procedure 
can be followed by placement of large bore drains for con-
tinuous postoperative lavage  [14–16] .

  A clear advantage of this technique is the fact that it 
preserves the cavity as walled-off compartment thus 
avoiding contamination of the whole abdomen. On the 
other hand, a major limitation may be represented by a 
diffuse spreading pattern of pancreatic or peri-pancreatic 
necrosis without clear-cut walled-off cavity.

  Laparoscopic Necrosectomy 
 As in open surgery, laparoscopic necrosectomy uses a 

retrogastric transmesocolic or retroperitoneal approach 
to the lesser sac – a transgastric route may also be possible. 
The technical success rates are up to 85% in the literature 
 [19–23] . However, choosing this route, a considerable 
risk remains with regard to pancreatic fistulas and dam-
age of the colic or splenic vessels  [24] . Thus, laparoscopic 
techniques are modified by current developments of 
hand-ports and robotic surgery.

  Irrespective of the laparoscopic approach, most ex-
perts agree that re-interventions after any laparoscopic 
approach are extremely difficult  [22] . Furthermore, the 
relationship between capnoperitoneum and abdominal 
compartment syndrome remains unknown yet  [24] . So 
far, there is no convincing evidence that any of the lapa-
roscopic techniques discussed above are superior to open 
surgery. However, depending on specific, individual in-
dications and personal experience, good outcomes can be 
achieved  [25] .
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  Transluminal Endoscopic Necrosectomy 
 To avoid the disadvantages of the laparoscopic tech-

nique, some authors prefer a transgastric or transduodenal 
approach  [24] . Usually this is done by a transluminal punc-
ture. These tracks are dilated and necrosectomy is per-
formed via an endoscope. Pigtail drainage can be left in the 
cavity  [25] . In 9 studies with 157 patients treated this way, 
20% suffered from major complications and 5% died  [25] .

  However, transgastric access leads to bacterial or fun-
gal contamination of the retroperitoneum. Furthermore, 
the access to the area of necrosis is often restricted, so that 
more distant locations of collections or necrotic cavities 
cannot be reached  [22] .

  Seifert et al.  [26]  reached an initial success of 80% in 93 
patients. The complication rate was 26% with a 30-day 
mortality of 7.5%. A median of 6 endoscopic necrosec-
tomy sessions were necessary and 4% of patients needed 
subsequent open surgery.

  Conclusion 
 A wide array of different laparoscopic/minimally inva-

sive procedures is available for the treatment of infected 
necroses in necrotizing pancreatitis. The available litera-
ture is limited by non-comparable case series devoid of 
uniform definitions lacking indications for and timing of 
interventions or surgery.

  Currently, a step-up approach using escalating levels 
of low to maximum invasive drainage procedures seems 
to be the optimum treatment algorithm of complicated 
necrotizing pancreatitis. A retroperitoneal approach 
should be applied if possible.

  Open necrosectomy still seems to represent the final 
gold standard for an effective evacuation of infected necro-
sis. Indications for minimally invasive surgery should gen-
erally be identical to those of conventional techniques. 
Therefore, it must be avoided that minimally invasive ap-
proaches imply expansion of operative therapy such as ear-
lier point in time or increased frequency. The laparoscopic 
access techniques often result in a loss of compartment and 
are therefore inferior to the described alternatives.

  Distal Pancreatectomy 

 The first distal laparoscopic pancreatectomy was per-
formed by Sussman et al.  [27] . Hence, indications for lap-
aroscopic distal pancreatectomy improved and even con-
fined malignant tumors are currently treated this way. 
Localization of the tumor is usually verified by intraop-
erative ultrasound. Pancreatic tissue is laparoscopically 

transected with a linear cutter  [28] . Beyond that, some 
surgeons prefer hand-ports.

  By using a laparoscopic approach for this indication, 
Fernández-Cruz et al.  [7]  could reduce the hospital stay of 
7 patients with inflammatory tumors in chronic pancre-
atitis to 1 week and patients could return to normal ac-
tivities within 3 weeks  [9] . In contrast, hospital stay was 12 
days in open left resection and patients returned to normal 
activities after >5 weeks. Recent meta-analyses confirmed 
lower rates of blood loss, wound infection and hospital 
stay in laparoscopic distal pancreatectomy  [29, 30] .

   Table 1  shows the results of laparoscopic versus open 
distal pancreatectomy  [28, 31] . Nineteen studies between 
1996 and 2008 reported a mean conversion rate of 12.1% 
(n = 442)  [32] .

  As far as preservation of the spleen is concerned, 2 
methods are described in the literature. The first ap-
proach divides the small arterial and venous connections 
between pancreas and the splenic vessels as in the open 
procedure. The magnified laparoscopic view allows 
spleen preservation easier than in open surgery, because 
of a better separation of the splenic artery and vein from 
the pancreatic parenchyma  [9, 28] .

  The second approach, described by Warshaw for the 
open procedure, is the resection of the splenic vessels. Us-
ing this method, the spleen is supplied by the short gastric 
vessels  [28] . There are no large series comparing these 2 
methods but complications, for example, splenic infarc-
tion and gastric variceal hemorrhage, seem to be higher 
in the second group  [33] . The authors show a higher mor-
bidity in the case of spleen preservation  [33] .

  Beyond that, randomized controlled studies concern-
ing function of the spleen and outcome after spleen-pre-
serving distal pancreatectomy are still missing. There are 

Table 1.  Literature review: laparoscopic vs. open distal pancreatec-
tomy

LLP OLP

Cases 336.0 372.0
Mean operative time, min 228.9 212.1
Mean blood loss, ml 248.4 518.6
Splenic preservation, % 32.8 11.6
Mean length of stay, days 8.2 12.1
Overall morbidity, % 30.7 45.1
Fistula rate, % 8.8 14.5
Mortality, % 0 0.003

 LLP = Laparoscopic left pancreatectomy; OLP = open left pan-
createctomy.
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only few single-center studies such as the one published 
by Yoon et al.  [34] , including 22 patients. The authors 
could show that splenic vessel-preserving laparoscopic 
distal pancreatectomy had a short-term benefit only, 
whereas long-term outcome was seriously hampered by a 
high risk of left-sided venous hypertension as a conse-
quence of a splenic vein occlusion.

  However, a major problem of left pancreatic resections 
is pancreatic fistulas. In open techniques, fistula rates 
range between 5 and 18%  [28] . A meta-analysis compar-
ing hand-sewn and stapled techniques so far could show 
‘no significant differences between suture and stapler clo-
sure with respect to the pancreatic fistula or intra-abdom-
inal abscess after distal pancreatectomy’  [35] . Even a ran-
domized, multicenter study could not show any differ-
ence in fistula rate between hand-sewn and stapled closure 
technique  [36] . Bilimoria et al.  [37]  found that the iden-
tification and selective duct ligation could decrease the 
risk of pancreatic fistulas.

  The magnified view of laparoscopy could possibly im-
prove the identification and ligation of the duct. On the 
other hand, laparoscopic ligation may be more difficult. 
Another issue is the quality of long-term outcome of lap-
aroscopic versus open surgery in malignant disease. Ac-
cording to the review of Briggs et al.  [32] , only 4 studies 
between 1996 and 2008 reported lymph node yield at all. 
The mean was 13 (2–20). Eight of 194 cases showed a 
positive resection margin (4.1%). Two recent reviews on 
distal pancreatectomy showed no difference between lap-
aroscopic or open distal pancreatectomy in regard to 
lymph node yield or R-status  [30, 38] .

  Conclusion 
 According to the current evidence of the literature, 

laparoscopic distal pancreatectomy is safe and feasible for 
benign and confined malignant tumors of the pancreatic 
body and tail in experienced hands. It is associated with 
lesser blood loss, reduced postoperative pain and shorter 
hospital stays, although operation time is still longer. The 
decision to preserve the spleen has to be left to the sur-
geon’s experience, since comparable studies on this issue 
are still missing. In cases of malignant tumors the spleen 
should not be preserved.

  Enucleation 

 Indications for open enucleation (OE) are benign le-
sions located away from the main duct. However, a 
clear-cut distance has not been established yet. In 1995, 

Amikura et al.  [39]  performed the first laparoscopic 
enucleation (LE) for an adrenocorticotropic hormone 
producing tumor. Both open and laparoscopic proce-
dures are only indicated in cases of benign appearing 
tumors up to 3 cm, which are mostly located in the 
body and tail of the pancreas. On the other hand, there 
are also reports on superficial tumors of the head and 
neck.

  Several studies have shown that LE is safe and feasi-
ble  [7, 40–43] . Patients seem to benefit from the laparo-
scopic technique because of a reduced endocrine and 
exocrine insufficiency and because of the general ad-
vantages of a smaller surgical trauma  [28] . However, the 
main problem of enucleation is the treatment of the re-
section margin. Possible techniques are suturing, omen-
tum-patch, cauterization and fibrin-sealing with or 
without application of somatostatin. None of these 
techniques show a significant reduction of the fistula 
rate. In case of laparoscopy, fistula rates range from 0 to 
78%  [28] . Several studies have shown that complication 
rates in laparoscopy are not higher than in open surgery 
 [39, 44] . However, fistulas following enucleation have 
been more often clinically apparent than after distal 
pancreatectomy  [28] . Comparing laparoscopic with 
OEs, overall morbidity, pancreatic fistula rate and mor-
tality do not show any significant differences ( table 2 ), 
whereas hospital stays seem to be significantly shorter 
 [40, 45, 46] .

  Conclusion 
 LE of pancreatic tumors is safe and effective. Patients 

with small tumors in the body and tail seem to benefit 
from the laparoscopic approach. Further studies are 
needed to compare advantages and disadvantages of dis-
tal pancreatectomy versus enucleation, especially regard-
ing the rate of pancreatic fistulas.

Table 2.  LE vs. OE for insulinomas of the pancreas [28, 40, 41]

OE LE

Cases 33 88
Conversion rate, % – 14.3 (0–33.3)
Mean tumor size, cm 1.47 1.3–2.0
Mean operative time, min 119 115.9 (66.7–159)
Mean blood loss, ml 91 195.7 (77–255)
Mean length of stay, days 16 6.2 (2.3–11.8)
Overall morbidity, % 36 28
Pancreatic fistula rate, % 28.57 27.8 (0–77.8)
Mortality, % 0 0
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  Pancreaticoduodenectomy 

 Despite first reports of Gagner and Pomp  [5] , pancre-
aticoduodenectomy still remains a challenging procedure 
even in the hand of experienced laparoscopic surgeons. 
The largest series currently available in the literature re-
port of 108  [47] , 100  [48]  and 53  [49]  total laparoscopic 
pancreaticoduodenectomies. However, evidence-based 
data about the benefits and long-term outcome of laparo-
scopic versus open techniques are still missing.

  In general, the steps of laparoscopic Whipple’s proce-
dures are fairly similar to the open procedure. Some stud-
ies differ in the use of hand-ports or hand-assisted tech-
niques  [28] . As far as reconstruction is concerned, pan-
creatogastrostomy and pancreaticojejunostomy seem to 
be equal to the open approach  [50–52] . Nine recent meta-
analyses showed a lower complication rate of pancreato-
gastrostomies compared to pancreaticojejunostomies re-
garding a reduced pancreatic fistula rate in open pancre-
atic surgery  [53–61] . Pancreatogastrostomy offers the 
advantage of being more easily and quickly performed 
than pancreaticojejunostomy  [62] , which renders this re-
construction more feasible for the laparoscopic approach.

  A major clinical question remains the exocrine and en-
docrine function of pancreatogastrostomy compared to 
pancreaticojejunostomy. Rault et al.  [63]  report worse 
exocrine function after pancreatogastrostomy; however, 
Morera-Ocon et al.  [64] , do not see any difference. Even 
the endocrine function does not seem to differ between 
these 2 reconstruction methods  [65] .

  Almost all studies came to the conclusion that laparo-
scopic PD can be safely performed in appropriately se-
lected patients by experienced surgeons  [28, 47, 49, 66] . 
According to the limited number of series, morbidity and 
mortality are equal to the open procedure including the 
rate of pancreatic fistulas which is reported to range be-
tween 7 and 35%  [47–49, 67–69] . The mean operative 
time is still longer than in open surgery, a common fea-
ture observed in all laparoscopic procedures, which how-
ever mainly depends on the individual surgeon’s experi-
ence and case load  [28] . Further advantages are a lower 
blood loss due to preparation under magnifying view 
 [28] .

  On the other hand, oncological appropriateness in lap-
aroscopic resections is still a matter of controversy. How-
ever, no difference could be detected in resection margin 
status so far  [31, 33]  and most studies report that lymph 
node dissection can be done as extended as in open sur-
gery  [28]  or even better  [49] . In a review by Briggs et al.  
[32] , 15 lymph nodes per case were harvested, although 

studies on this specific issue lack a detailed description of 
the histopathological work-up of the resected tumor 
specimen. Moreover, long-term follow-up studies in lap-
aroscopically resected oncological patients are still scarce 
 [10] . Palanivelu et al.  [70]  reported about 5-year survival 
rates (n = 42) similar to those of the open techniques in 
laparoscopic surgery for pancreatic carcinoma in general 
(32%), ampullary carcinoma (30.7%), cystadenocarcino-
ma (33.3%), ductal pancreatic head adenocarcinoma 
(19.1%) and bile duct carcinoma (50%). Croome et al. 
 [47]  could report a significantly higher progression-free 
survival over 60 months following total laparoscopic PD 
versus the open approach.

  Dismissing the fact that laparoscopic PD can be done 
with as adequate oncological dissection and comparable 
morbidity and mortality as by open surgery, questions 
remain as to whether patients truly benefit from the lapa-
roscopic approach. At present, most authors are unable 
to provide any proof in favor of laparoscopy lacking sig-
nificant reduction of postoperative morbidity  [47, 71, 72] . 
However, mean length of stay is significantly reduced 
with the laparoscopic approach  [47, 72] . Well known lap-
aroscopy-attributed advantages such as a lower rate of in-
cisional hernias, faster procedure-related recovery or bet-
ter quality of life have not been targeted so far.

  There may be selected patients that benefit from the 
laparoscopic technique, as long as the overall operative 
access trauma remains less than that compared with the 
open technique.

  Future studies will have to show if there is any advan-
tage of the laparoscopic over the open approach for this 
demanding surgical procedure.  Table 3  summarizes re-
sults and complications of laparoscopic PDs.

  Conclusion 
 Up to now, PD can be done laparoscopically in select-

ed patients by experienced surgeons, but clear advantages 
remain to be defined.

  New Techniques 

 A new method for the dissection of the pancreas is by 
using high-energy radio waves. The first study on 14 pa-
tients by Fronza et al.  [73]  showed that radiofrequency 
energy was safe, feasible and easy to use. It is speculated 
that this technique may be able to reduce pancreatic fis-
tulas.

  A further development of laparoscopy is robot-assist-
ed procedures as recently reported by a number of studies 
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 [67, 68] . By robotic arms, excellent stability of the opera-
tion field can be achieved. Furthermore, 3D and magni-
fied view seem to improve the operative procedures  [74] . 
Even central pancreatectomies  [75]  and PDs  [67]  can be 
performed by this robot-assisted technique.

  Conclusion 

 Over the last decade, the laparoscopic approach in 
pancreatic surgery has been extended to a degree that al-
most all open procedures today can be executed via the 
minimally invasive route. In general, these methods 
should be restricted to high volume centers of pancreatic 
surgery, which have experience in the full range of open 
operative procedures.

  The current challenge is to optimize indications for 
laparoscopic techniques in differentiation to the well-es-
tablished open surgery. Two questions have to be an-
swered:
 (1)  Can the minimally invasive technique be applied with 

the same safety and efficacy as open surgery? 
(2)  What is the ultimate benefit for the patient? 

 Necrosectomy in acute pancreatitis should be part of a 
step-up approach starting with CT-guided catheter drain-
age followed by minimally invasive retroperitoneal de-
bridement. Open surgery remains the gold standard of 
ultimate removal of pancreatic necrosis. Alternatively, 
endoscopic transgastric necrosectomy is a successful op-
tion especially in obese patients with comorbidities. How-
ever, the method requires great experience and is there-
fore limited to few experts in this field. It should be un-

derscored that the indication for necrosectomy must not 
be changed by a minimally invasive approach and should 
be equally stringent as in open surgery. Concerning pan-
creatic resection or enucleation, laparoscopic surgery has 
been shown to reduce intraoperative blood loss and 
wound infection as well as intensive care and hospital stay 
in selected patients. Furthermore the incidence of inci-
sional hernia is lower.

  According to the current literature, the laparoscopic 
approach is an adequate alternative to open surgery. In 
oncological patients, laparoscopic resections seem to 
reach equal results, but further studies are required to 
substantiate the data and to demonstrate any convincing 
advantage. In the specific set-up of pancreatic head tu-
mors with the need for PD, there is currently no evidence 
for a patient’s benefit. Further technical developments 
may open new avenues to the demanding field of laparo-
scopic pancreatic surgery in malignant disease. 

 Disclosure Statement 

The authors declare no conflicts of interest.

Table 3.  Outcome of laparoscopic PD from 2011 to 2014

Lai et al. 
[67]

Chalikonda 
et al. [68]

Buchs et 
al. [69]

Asbun et al. 
[49]

Kim et al. 
[48]

Croome 
et al. [47]

Mean

Cases 20 30 44 53 100 108 –
Conversion rates, % 5 10 4.5 15* 4.7 5.6 7.5
Mean operative time, min 491.5 476 444 541 474 379.4 467.7
Mean blood loss, ml 247 485 387 195 N/A 492.4 361.3
Mean length of stay, days 13.7 9.79 13 8 11.5 6 10.3
Pancreatic fistula rate, % 35 6.7 18.2 16.7 27 7** 18.4
Overall morbidity, % 50 30 36.5 47.2 25 5.6*** 32.8
Mortality, % 0 4 4.5 5.7 1 1 2.7
Positive margins, % 16.7 0 9.1 5.1 0 22.2 8.85
Mean number of lymph nodes 10 13.2 16.8 23.44 13 21.4 16.3 * Converted patients were excluded, data are from 53 total laparoscopic procedures; ** only grades B and C fistulas are mentioned; *** only complications grade ≥IIIb (Clavien–Dindo) are mentioned.
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