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INTRODUCTION and OUTLINE

I
THE PANCRE A S AND ITS DISE A SES

The pancreas is a 6 inches long endocrine and exocrine gland that is located centrally 
in the abdomen, behind the stomach, in the retroperitoneal space.1 The main endocrine 
function of the pancreas is maintaining the blood glucose homeostasis by releasing 
insuling and glucagon, produced by the islets of Langerhans. The pancreas also plays 
an important role in the digestion of food by releasing enzymes such as amylase, lipase, 
and trypsin in the digestive tract (i.e. duodenum). These enzymes break large molecules 
from our food, such as polysaccharides, proteins and triglycerides, into small fragments, 
enabling absorption of these nutrients by the intestinal wall.1 

As like many organs of the human body, the pancreas may become diseased. For 
the pancreas, we distinguish between benign, premalignant and malignant disease. 
Diabetes mellitus is perhaps the best-known pancreatic disease in which the pancreas 
fails to maintain the blood glucose homeostasis. Other benign diseases of the pancreas 
are pancreatitis and benign pancreatic cysts. Inflammation of the pancreas and benign 
pancreatic cysts can cause serious complaints, such as severe abdominal pain, nausea, 
and vomiting. 

Premalignant diseases, such as intraductal papillary mucinous neoplasms, mucinous 
cystic neoplasms and some neuroendocrine tumros, can cause these complaints as well, 
but can also become malignant. For many of these neoplasms, intensive follow-up or 
surgical treatment is adviced.1 

Malignant disease, also known as pancreatic cancer, has a very dismal prognosis. The 
overall five-year survival rate for patients diagnosed with pancreatic cancer is very poor. 
Despite the many efforts that have been made to improve survival, the five-year survival 
has not even been doubled during the past 30 years, as it only increased from 4% in 
1975 to 7% in 2004.2 Due to this poor prognosis, pancreatic cancer represents one of 
the leading causes of cancer deaths in women and men all around the world.3 Moreover, 
within a ten-year period, pancreatic cancer is projected to be the second most common 
cause of cancer death worldwide.4 The poor survival outcome associated with pancreatic 
cancer can be attributed to the aggressive nature of the disease, but also to the late onset 
of symptoms. These characteristics together result in a low eligibility rate for surgery of 
20% amongst patients newly diagnosed with this disease.3 It has also been suggested that 
some patients who are eligible for surgery, are not offered potentially curative treatment 
options. For example, in the United States, almost half of patients with pancreatic cancer 
diagnosed at an early stage failed to undergo potentially curative surgical treatement 
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for unknown reasons.5–7 These patients might have had relative contraindications for 
surgery, suggesting there is enough room for improvement regarding the development of 
alternative potentially curative treatment options.

PANCRE ATIC SURGERY

Pancreatic surgery is the preferred treatment option for symptomatic benign, premalignant 
and malignant disease. Pancreatic cancer, periampullary cancer, or premalignant 
pancreatic cysts, are the most frequent reason to proceed to surgery. The most common 
surgical procedures of all pancreatic resections are distal pancreatectomy (often referred 
to as left pancreatectomy or pancreatic tail resection), and pancreatoduodenectomy 
(often referred to as Whipple procedure), depending on the location of disease. Distal 
pancreatectomy is the resection of a part of the pancreas located to the left side of the 
portomesenteric vein, whereas a pancreatoduodenectomy involves resection of the 
pancreatic head, duodenum, gallbladder and common bile duct.8 An overview of the 
anatomy involved in pancreatic surgery, and resected tissue during distal pancreatectomy, 
and pancreatoduodenectomy are provided in Figure 1. 

Pancreatic surgery is, however, associated with a considerable perioperative morbidity, e.g. 
pancreatic fistula, postpancreatectomy haemorrhage, and delayed gastric emptying, but 
also with relatively high perioperative mortality. In recent years, efforts have been made to 
decrease morbidity and mortality by centralization, leading to higher volumes.9-12 Several 
significant improvements achieved during the past years had major impact worldwide, 
but the morbidity and mortality after pancreatic surgery remain too high. Surgery 
is a potentially curative treatment option, but after pancreatic surgery for pancreatic 
cancer, median survival still varies between sixteen and twenty months, with a reported 
postoperative five-year survival up to 20%.13–17 Besides poor survival, the substantial risk 
of perioperative morbidity, in some cases leading to perioperative mortality, remains a 
major topic of concern. Pancreatic surgeons in expert centers succeeded to reduced the 
overall mortality rate after a Whipple procedure below 2-3%.18 This mortality reduction 
might increase patient eligibility for surgery, as also patients with a lower physical status 
may be offered surgical treatment. However, patients undergoing pancreatic surgery 
remain at risk. One-third to half of all patients suffer from postoperative major morbidity, 
requiring endoscopic, radiological and/or surgical re-interventions. This clearly has a 
negative impact on the prognosis, but also on the patient’s quality of life, disabling patients 
to return to ‘normal life’ or work. Moreover, major morbidity is associated with a reduced 
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I
probability of receiving adjuvant treatment, such as chemotherapy, which in turn might 
negatively affect survival given the higher propensity of either locally or systematically 
advancement of pancreatic cancer.15,19

Whipple Distal pancreatectomy

Liver Liver

StomachStomach

Pancreas PancreasDuodenum Duodenum

Gall bladder Gall bladder

Spleen Spleen

FIGURE 1. Anatomical structures involved in pancreatic surgery. 
The dashed lines indicate resected structures during a Whipple procedure (left) and a distal 
pancreatectomy (right).

MINIM ALLY INVA SIVE PANCRE ATIC SURGERY

Minimally invasive surgery, i.e. laparoscopic and robot-assisted surgery, is a surgical 
technique that aims to decrease the impact of surgery on the patient. This is achieved by 
operating through small (five to ten mm) abdominal incisions, and using long pencil-like 
instruments. For this reason, minimally invasive surgery is often referred to as ‘keyhole 
surgery’. Minimally invasive approaches to gastro-intestinal surgery have shown to reduce 
postoperative morbidity, improve time to functional recovery, and hence decrease length 
of hospital stay, compared with conventional open surgery which is performed through 
large (twenty to thirty cm) incisions.20,21 In almost all domains of gastro-intestinal surgery, 
minimally invasive surgery has been implemented because of its confirmed or presumed 
superiority to conventional open surgical techniques. 
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The first reports of minimally invasive pancreatic surgery were published in the early 
‘90s. Cuschieri described the first minimally invasive distal pancreatectomy, and Gagner 
& Pomp reported the first minimally invasive pancreatoduodenectomy.22,23 Two decades 
later, minimally invasive pancreatic surgery has not been implemented widely, probably 
because of the technical diffictulty of these procedures. However, global interest in 
minimally invasive pancreatic surgery has been increasing during the past 25 years, 
although up to recently, data to support this statement were lacking. Several systematic 
reviews of observational data on minimally invasive vs. open pancreatic surgery have been 
published recently and have led to the hypotheses that the minimally invasive approach 
enhances postoperative recovery and decreases length of hospital stay, without altering 
postoperative morbidity significantly.24-36 However, up to 2017, decent multicenter 
randomized data addressing these topics were lacking.

INTRODUCING A SURGICAL STR ATEGY

In contrast to the introduction of new medicines, the introduction of a new surgical 
strategy or or a new surgical procedure is not necessarily subject to the surveillance of 
medical ethics committees, nor to governmental institutions. The surgeon’s autonomy 
enables him or her to introduce a new strategy if one is conviced that it will be superior 
to the conventional procedure. However, superiority might not actually be the case. After 
the introduction, structured monitoring of outcomes is often not performed, disabling a 
decent assessment of superiority. Thereby, in the past, the uncontrolled introduction of 
minimally invasive techniques, has led to a temporary deterioration of clinical outcome, 
such as postoperative morbidity and even mortality. This was, for example, the situation 
directly after the introduction of minimally invasive gastric, gallbladder and colorectal 
surgery.37-39 

Following these disadvantuous developments, a recommendation for a stepwise 
introduction of surgical innovation was published by the IDEAL group from Oxford 
University, generally known as ‘the IDEAL framework for surgical innovation’.40-42 The 
IDEAL framework describes the preferred steps that should be followed to ensure 
structured and safe introduction of new surgical techniques, and thorough monitoring of 
results. Several publications, however, pointed out that, although the IDEAL framework 
has been fully recognized, implementation programs or research following this framework 
is scarce.43
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AIM OF THIS THESIS

Worldwide, and in the Netherlands, the interest in minimally invasive pancreatic 
surgery is increasing rapidly. In the Netherlands, however, surgeons have very limited 
experience with minimally invasive pancreatic surgery. Prior to this thesis, some 
minimally invasive distal pancreatectomies had been performed, but minimally invasive 
pancreatoduodenectomy had not been performed at all. Surgeons of the Dutch Pancreatic 
Cancer Group did have extensive experience with open pancreatic surgery and minimally 
invasive gastro-intestinal surgery, which created a good starting point for a structured 
nationwide implementation program. The aim of this thesis was to organize such a program 
according to the IDEAL framework40-42, to enable safe introduction of minimally invasive 
pancreatic surgery in the Netherlands, and to set an example for others. As multicenter 
randomized controlled trials were lacking, we also aimed to compare minimally invasive 
distal pancreatectomy and minimally invasive pancreatoduodenectomy with the open 
approaches within a randomized setting, as a part of the IDEAL framework.

THESIS OU TLINE

Research questions and study designs of every chapter included in this thesis are shown 
in Table 1.

THESIS PART I

Chapter II presents the available literature on the history, indications, outcomes, cost-
effectiveness, quality of life, and learning curve of minimally invasive vs. open pancreatic 
surgery. Chapter III describes a pan-European survey to assess the incidence of minimally 
invasive pancreatic surgery in Europe, and surgeons’ opinions regarding its clinical and 
oncological effectiveness. In Chapter IV, these topics are addressed amongst pancreatic 
surgeons from all around the world.

THESIS PART II

Thesis part II describes research on the safe implementation of minimally invasive 
distal pancreatectomy, and the structured assessment of its outcome compared with 
open distal pancreatectomy. Chapter V provides an overview of the literature on 
minimally invasive vs. open distal pancreatectomy, as was summarized in conjunction 
with the first international state-of-the-art meeting on minimally invasive pancreatic 
surgery organized by the International Hepato-Pancreato-Biliary Association (IHPBA), 
and Americas Hepato-Pancreato-Biliary Association (HPBA), in Sao Paulo, Brazil. 
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Chapter VI describes the surgical learning curve and the results that can be achieved by an 
expert surgeon, who performed more than 100 minimally invasive distal pancreatectomies. 
In Chapter VII, the nationwide experience and results of minimally invasive distal 
pancreatectomy in the Netherlands up to 2014 were analyzed. This led to the initiation of 
a nationwide training program in minimally invasive distal pancreatectomy supported by 
training sessions by the surgeon described in Chapter VI. The impact of this nationwide 
training program on outcome of minimally invasive distal pancreatectomy is described in 
Chapter VIII. After nationwide training, sufficient quality had been reached to launch a 
multicenter randomized controlled trial, the LEOPARD-1 trial. The results of this trial 
are shown in Chapter IX. The LEOPARD-1 trial assessed applicability of minimally 
invasive distal pancreatectomy in patients with pancreatic disease confined to the distal 
pancreas. Nationwide results of distal pancreatectomy for ductal adenocarcinoma, either 
minimally invasive or open, including oncological outcomes, are shown in Chapter 
X. The applicability of minimally invasive vs. open distal pancreatectomy was assessed 
within a pan-European propensity score matched observational study, executed by the 
DIPLOMA group. The results of this study are described in Chapter XI.

THESIS PART III

Thesis part III desecribes research on the safe implementation of minimally invasive 
pancreatoduodenectomy, and the structured assessment of its outcome compared with 
open pancreatoduodenectomy. Chapter XII provides an overview of the literature 
on minimally invasive vs. open pancreatoduodenectomy, including observational 
and registry studies. After this, a nationwide training program in minimally invasive 
pancreatoduodenectomy was initiated. The outcome of procedures performed after this 
training program are shown in Chapter XIII. As for distal pancreatectomy, a multicenter 
randomized controlled trial was launched after successful completion of the training 
program. The study protocol for this trial, the LEOPARD-2 trial, is described in Chapter 
XIV. Chapter XV summarizes and highlights the opportunities and potential advantages 
of the increased dissemination of minimally invasive surgical resectional techniques, 
including minimally invasive pancreatoduodenectomy, both to the management of 
benign and malignant pancreatic disease.
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TABLE 1. Research questions and study designs.

Chapter Research question Study design

I N.a. N.a.

II What are the benefits and liminations of minimally invasive pancreatic surgery? 
What evidence on efficacy, and learning curve is available? What are the latest 
innovations and knowledge gaps?

Systematic review

III To what extent has minimally invasive pancreatic surgery been implemented 
in Europe? What are the opinions regarding the use of minimally invasive 
pancreatic surgery for pancreatic cancer?

European survey

IV To what extent has minimally invasive pancreatic surgery been implemented 
worldwide? What are the attitudes towards future perspectives of minimally 
invasive pancreatic surgery?

Worldwide survey

V What evidence on minimally invasive vs. open distal pancreatectomy is 
available in the current literature?

Systematic review

VI What results can be achieved by an expert surgeon in minimally invasive distal 
pancreatectomy? What does the surgical learning curve look like?

Prospective cohort 
study

VII What is the outcome of minimally invasive vs. open distal pancreatectomy up to 
2014, in the Netherlands?

Retrospective cohort 
study

VIII What was the impact of a nationwide training program in minimally invasive 
distal pancreatectomy in the Netherlands?

Prospective cohort 
study

IX Is minimally invasive distal pancreatectomy superior to open distal 
pancreatectomy in terms of time to functional recovery?

Randomized controlled 
trial

X What is the outcome of distal pancreatectomy for pancreatic ductal 
adenocarcinoma, in the Netherlands?

Retrospective cohort 
study

XI What are the oncological outcomes of minimally invasive vs. open distal 
pancreatectomy for pancreatic ductal adenocarcinoma?

Propensity score 
matched cohort study

XII What evidence on minimally invasive vs. open pancreatoduodenectomy is 
available in the current literature?

Systematic review

XIII What was the impact of a multicenter training program in laparoscopic 
pancreatoduodenectomy in the Netherlands?

Prospective cohort 
study

XIV Is minimally invasive pancreatoduodenectomy safe, and is it superior to open 
pancreatoduodenectomy in terms of time to functional recovery?

Trial protocol

XV What evidence on the costs and value of minimally invasive pancreatic surgery 
is available in the current literature?

Systematic review
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ABSTR ACT 

Laparoscopic surgery for benign and malignant pancreatic lesions has slowly been 
gaining acceptance over the past decade and is being introduced in many centers. 
Some studies suggest that this approach is equivalent to or better than open surgery, 
but randomized data are needed to assess outcomes. In this review, we aim to provide 
a comprehensive overview of the state of the art in laparoscopic pancreatic surgery by 
aggregating high-quality published evidence. Various aspects, including the benefits, 
limitations, oncological efficacy, learning curve and latest innovations, are discussed. The 
focus is on laparoscopic Whipple procedure and laparoscopic distal pancreatectomy for 
both benign and malignant disease, but robot-assisted surgery is also addressed. Surgical 
and oncological outcomes are discussed as well as quality of life parameters and the 
cost efficiency of laparoscopic pancreatic surgery. We have also included decision-aid 
algorithms based on the literature and our own expertise; these algorithms can assist in 
the decision to perform a laparoscopic or open procedure.

KEY POINTS

• Indications for pancreatic resection do not differ for laparoscopic or open surgery; 
whether a pancreatic resection can be performed laparoscopically depends on the 
surgeon’s training and experience.

• Most studies on laparoscopic distal pancreatectomy have reported outcomes 
superior to the open approach, mainly regarding intraoperative blood loss, spleen 
preservation, length of stay and overall costs.

• Laparoscopic Whipple has similar outcomes to the open approach, although inferior 
outcomes have been associated with the initial learning curve phase and when this 
procedure is performed in low-volume hospitals.

• Laparoscopic pancreatic surgery is associated with a considerable learning curve 
effect, necessitating structured introduction by trained surgeons and substantial 
case volumes per center.

• Randomized data are needed before drawing conclusions on definite benefits of 
a laparoscopic approach; the first randomized controlled trials on laparoscopic 
pancreatic surgery are ongoing.
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INTRODUCTION

Most pancreatic resections are for pancreatic cancer, periampullary cancer or premalignant 
pancreatic cysts. The most common procedures are pancreatoduodenectomy (referred to 
as a Whipple procedure hereon) or distal pancreatectomy, depending on the location of 
the lesion. A Whipple procedure involves resection of the pancreatic head, duodenum, 
gallbladder and com-mon bile duct.1 Distal pancreatectomy is the resection of the part 
of the pancreas located to the left side of the portomesenteric vein. Figure 1 provides an 
overview of resected tissue during a Whipple procedure and distal pancreatectomy.

In developed countries, pancreatic cancer currently represents the fourth and fifth leading 
cause of cancer deaths in women and men, respectively.2 The overall 5-year survival for 
pancreatic cancer is very poor and has only increased from 4% to 7% between 1975 and 
2004.3 By 2030, pancreatic cancer is projected to be the second most common cause of 
cancer death.4 These poor survival outcomes can be partially attributed to the late onset 
of symptoms, resulting in only a 20% eligibility rate for surgery among patients with 
pancreatic cancer.3 It has also been suggested that some patients who are eligible for surgery 
are not offered potentially curative treatment options. For example, in the United States 
almost 40% of patients with early-stage pancreatic cancer without any contraindication 
for surgery failed to undergo potentially curative resection, for which the reasons remain 
unclear.5–7 After distal pancreatectomy for pancreatic cancer, median survival varies 
between 16 and 20 months, with a reported 5-year survival around 20%.8–10 Large series 
on Whipple resection for pancreatic cancer also show a dismal postoperative survival, 
with 5-year survival rates around 20%.11,12 Besides poor survival, the substantial risk of 
perioperative mortality and morbidity remains a major concern. Pancreatic surgeons in 
expert centers have reduced overall mortality after a Whipple procedure to < 2%.13 This 
mortality reduction might increase patient eligibility for surgery, but postoperative major 
morbidity requiring endoscopic, radiological and/or surgical intervention remains high, 
varying between 20% and 40%, which clearly has a negative effect on patients’ quality 
of life. Moreover, major morbidity is associated with a reduced probability of receiving 
adjuvant therapy, which in turn might negatively affect survival given the high propensity 
of pancreatic cancer dissemination.10,14

A laparoscopic approach to major gastrointestinal surgery could reduce postoperative 
morbidity and hence decrease length of hospital stay and improve time to functional 
recovery. Global interest in laparoscopic pancreatic surgery (LAPS) seems to be 
increasing although data to support this statement are lacking. Several systematic reviews 
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on LAPS have been published in the past few years.15–27 This Review aims to provide a 
comprehensive overview of the benefits and limitations of LAPS as well as evidence on 
efficacy and learning curve, latest innovations and knowledge gaps.

Whipple Distal pancreatectomy

Liver Liver

StomachStomach

Pancreas PancreasDuodenum Duodenum

Gall bladder Gall bladder

Spleen Spleen

FIGURE 1. Anatomical structures involved in pancreatic surgery. 
The dashed lines indicate resected structures during a Whipple procedure (left) and a distal 
pancreatectomy (right).

HISTORY OF L APS

The first reports of LAPS were published in 1994, with Cuschieri describing the first 
laparoscopic distal pancreatectomy (LDP) and Gagner & Pomp reporting the first 
laparoscopic Whipple procedure.28,29 Although Gagner & Pomp concluded that a 
laparoscopic Whipple procedure was technically feasible, they questioned whether it 
would improve postoperative outcomes.29 In 1997, Gagner & Pomp reported on their 
experience of LDP; they concluded that LDP was technically less demanding than the 
laparoscopic Whipple procedure and seemed to benefit patients by shortening their 
hospital stay.30 The implementation of both techniques was initially slow and larger 
series on LAPS only started to appear 10 years later. In the past 5 years, however, there 
seems to have been a steep increase in the interest for LAPS, potentially due to ongoing 
centralization of pancreatic surgery in specialized clinics, which has enabled technical 
developments.15–27



29

L APAROSCOPIC PANCREATIC SURGERY for BENIGN and MALIGNANT DISEASE

II

INDICATIONS AND CONTR AINDICATIONS FOR L APS

The threshold to advise a patient to undergo a pancreatic resection should not be lowered 
by the possibility of performing the procedure laparoscopically with potentially fewer 
complications. With increasing surgical experience, it is expected that all, or nearly all, 
contraindications for LAPS will become relative. Currently, reported series on LAPS are 
highly influenced by selection bias, because most centers are still in the learning curve 
of LAPS and during that phase only the most ideal patients are selected (for example, 
fit patients with a small, easily resectable tumor, a low BMI and few comorbidities). 
Selecting patients for LAPS is probably a very useful strategy, especially during the 
learning curve phase. With sufficient experience, even major vascular resection and 
multivisceral pancreatic resection can be performed laparoscopically.31,32 Therefore, 
important that study authors include their selection criteria for LAPS. Only in this way 
can centers starting with LAPS learn from previous experiences and move through the 
learning curve as safely as possible. The introduction of neoadjuvant radiation therapy 
in resectable tumors, including locally advanced and borderline resectable tumors, has 
brought with it additional challenges to the resection because of post-procedural local 
inflammation. Some surgeons consider radiation therapy as a contraindication for LAPS 
although studies on this topic are lacking.

LAPAROSCOPIC WHIPPLE PROCEDURE

The laparoscopic Whipple procedure has been described for all indications, even locally 
advanced malignant disease invading surrounding organs or vascular structures.31,33 
However, most large series on the laparoscopic Whipple procedure exclude patients 
with cancers involving the portomesenteric vein, the superior mesenteric artery or the 
hepatic arteries29–37, very large tumors34–36, substantial preoperative comorbidity33–35,37–40, 
a history of (extensive) abdominal surgery33,35,36,39,41 or a very high BMI36,39. Attempts have 
been made to compose decision-aid algorithms to facilitate the selection of patients for 
a laparoscopic Whipple procedure.42,43 One study compared the laparoscopic Whipple 
procedure in patients younger and older than 70 years.37 For both groups outcomes 
were comparable, indicating that age alone might not be a useful selection criterion 
for the laparoscopic approach.37 Due to the aggressive nature of pancreatic ductal 
adenocarcinoma, most surgeons perform their initial laparoscopic Whipple procedures 
in patients with resectable small ampullary, distal bile duct or duodenal adenocarcinoma. 
However, postoperative morbidity is increased in patients with a soft pancreatic gland 
and non-dilated pancreatic ducts because of an increased probability of postoperative 
leakage. A large comparative series showed similar oncologic outcomes between 
laparoscopic and open Whipple procedures for pancreatic ductal adenocarcinoma, 
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as radical resection rates (78% vs. 77%) and resected lymph nodes (mean 21 vs. 20) 
were comparable, as well as survival.44 Notably, the authors of this series had extensive 
experience performing laparoscopic Whipple procedures.45 We have developed a 
treatment algorithm for patients with an indication for a Whipple resection in which we 
summarize indications and contraindications for a laparoscopic approach (Figure 2). 
Importantly, this algorithm was composed using the available evidence and the authors’ 
expertise and has not yet been validated by others. Resection criteria for neuroendocrine 
neoplasms have been described in several guidelines.46,47 Most of these neoplasms can be 
resected laparoscopically. An additional challenge might come from small lesions, which 
are often difficult to detect. As in open surgery, however, intraoperative laparoscopic 
ultrasonography is available to use and has proven to be a useful addition. Resection 
criteria for pancreatic cysts, including intraductal papillary mucinous neoplasms, have 
also been defined in several guidelines.48–50 For nearly all cases, potentially with the 
exception of very large lesions, resection can be performed laparoscopically.

   1 

 

 

 

 

  

 

FIGURE 2. Decision-aid algorithm for laparoscopic Whipple. 
This suggested decision-aid algorithm was based on the available evidence and our 
expertise, which might limit its generalizability. LAPS, laparoscopic pancreatic surgery; PDAC, 
pancreatic ductal adenocarcinoma; PV, portal vein; SMA, superior mesenteric artery; SMV, 
superior mesenteric vein.
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LAPAROSCOPIC DISTAL PANCREATECTOMY

Evidence on the oncological feasibility of LDP has been lacking and so the Yonsei 
criteria were developed to identify patients eligible for a laparoscopic approach.51 
These criteria describe contraindications for LDP in patients with pancreatic ductal 
adenocarcinoma.51 The Yonsei criteria advocate to use the laparoscopic approach only 
if the cancer is confined to the pancreas with an intact fascial layer between the pancreas 
and the left adrenal gland and at least 1 cm clearance of the coeliac axis.51 Although 
not yet externally validated, the Yonsei criteria provide a basis for further evaluation of 
decision-aid guidelines. We have developed a decision-aid algorithm summarizing the 
indications and contraindications for LDP (Figure 3). This algorithm was based on 
available evidence and the authors’ expertise and has not yet been validated by others. 
Radical antegrade modular pancreatosplenectomy (RAMPS) for left-sided pancreatic 
cancer was first described in 2003.52,53 The RAMPS procedure aims to facilitate a radical 
tumor resection combined with an extensive lymph node dissection along the coeliac 
axis, the hepatic artery and the retroperitoneal region, including the anterior renal 
fascia (anterior RAMPS) and optionally the left adrenal gland (posterior RAMPS).52–54 
Laparoscopic RAMPS is also feasible, but long-term oncological outcomes are yet to be 
determined.55,56 Involvement of other organs, such as the adrenal gland, kidney, colon or 
stomach, are relative but not absolute contraindications for the laparoscopic approach as 
concomitant organ resection is possible during laparoscopic RAMPS. In nonmalignant 
disease, a spleen-preserving approach can be utilized. During a spleen-preserving distal 
pancreatectomy, preservation of the short gastric vessels and the left gastroepiploic artery 
is crucial.57,58 Two types of spleen-preserving distal pancreatectomy are possible and 
both can be performed laparoscopically (Figure 4). The first and preferred method is the 
splenic-vessel preserving resection, as first described by Kimura et al., which was later 
modified for LAPS.59-63 If preservation of the splenic artery and vein is not possible, the 
Warshaw technique for spleen preservation is available.64 Following this procedure, the 
spleen receives its blood supply via the short gastric arteries and the left gastroepiploic 
artery. This technique yields substantial success rates of splenic preservation in 
LAPS.57,63 However, studies have reported an increase in spleen-related complications 
of this technique, such as splenic infarction (Warshaw 22% vs. Kimura 2%, P < 0.001), 
secondary splenectomy (Warshaw 2% vs. Kimura 0%, P = 0.001) and chronic abdominal 
pain (Warshaw 38% vs. Kimura 0%, P = 0.048)60. Furthermore, a prolonged length of 
stay (by 3 days) has been observed after a Warshaw technique compared with the Kimura 
technique (P < 0.001)60,65,66. Therefore, the Kimura technique is currently the procedure 
of choice, but large, high quality comparative studies on this topic are desirable.
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FIGURE 3. Decision-aid algorithm for laparoscopic distal pancreatectomy.
This suggested decision-aid algorithm was based on the available evidence and our 
expertise, which might limit its generalizability. LAPS, laparoscopic pancreatic surgery; PDAC, 
pancreatic ductal adenocarcinoma.

OU TCOMES OF L APS

LAPAROSCOPIC WHIPPLE PROCEDURE

Three out of five case-matched studies have shown that the operative time for a 
laparoscopic Whipple procedure is longer than operative times for open surgery (P < 
0.05, Table 1).36,67–69 The reconstruction phase during a laparoscopic Whipple procedure 
is especially technically demanding and time consuming. One case-matched study 
reported shorter operative times for laparoscopic Whipple procedures, but in this series, 
operative times for open Whipple procedures (> 400 minutes mean operative time) were 
not comparable to the general literature (Table 1).40 Importantly, series reporting on first 
experiences with laparoscopic Whipple procedures are lacking and actual operative times 
are therefore expected to be even longer than reported in case-matched series. As for robot-
assisted surgery, it has been suggested that the operative time for laparoscopic Whipple 
surgery will decrease only after performing around 80 procedures.70 Rates for conversion 
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to open surgery range from 0% to 23% and typically decrease with experience. Reasons 
attributed to conversion vary from failure to progress owing to technical difficulty, to lack 
of experience.36,44,69–74

A systematic review comparing laparoscopic and open Whipple procedures showed that 
these two approaches do not differ regarding the incidence of postoperative morbidity.24 
However, a large matched-cohort analysis from researchers in France reported substantially 
higher rates of clinically relevant (International Study Group on Pancreatic Fistula 
definition grade C) postoperative pancreatic fistula and postpancreatectomy hemorrhage 
after laparoscopic Whipple procedures than after open Whipple procedures.69 According 
to the authors, this result might be attributed to the technical difficulty of the laparoscopic 
pancreatic anastomosis.69 A hybrid approach, in which the anastomoses are performed 
via a small laparotomy, might be a useful alternative, but additional evidence is needed.40 
A large National Cancer Database study including > 7,000 patients reported a higher 
postoperative 30-day mortality after laparoscopic than after open Whipple surgery in a 
multivariable analysis (OR = 1.87, 95% CI = 1.25–2.80, P = 0.002).75 Notably, mortality 
after laparoscopic Whipple procedures in centers that performed < 10 laparoscopic 
Whipple procedures in total was twice as high as for open Whipple procedures.75 An 
analysis of the same database found that 30-day mortality in centers performing > 10 
laparoscopic Whipple procedures in total did not differ from the open approach.76 For 
these registry studies, the average case-volume per center per year was around 0.5 for 
laparoscopic Whipple procedures and four for open Whipple surgery, so there seems to 
be clear room for centralization of pancreatic surgery. These findings highlight that the 
introduction of the laparoscopic Whipple procedure should be supervised carefully and 
probably only used in high-volume centers.

Case-matched series comprising > 20 patients per arm comparing laparoscopic with 
open Whipple procedures did not find any statistically significant differences between 
groups regarding other complications, such as delayed gastric emptying, general 
morbidity or reoperation rates (Table 1).36,40,67–69 Adjuvant chemotherapy prolongs 
survival after a resection of pancreatic ductal adenocarcinoma, but is only started when 
the patient is considered to be eligible and fit enough according to the surgeon and the 
medical oncologist. In all case-matched studies, patients who underwent laparoscopic 
Whipple surgery are discharged earlier than after open surgery, but this difference 
was only significant (P < 0.05) in three out of five case-matched studies (Table 1). 
However, length of hospital stay is easily influenced by the treating team, for example 
by stimulating early hospital discharge, so bias might have influenced these outcomes. 
Some studies suggest that patients who have undergone laparoscopic resection more 
often receive adjuvant chemotherapy and have a shorter time between surgery and the 
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first chemotherapy treatment than patients who have undergone open surgery.36,44 This 
finding is hypothetically due to the lower morbidity and therefore enhanced recovery 
after laparoscopic compared with open pancreatic surgery, but the exact clinical relevance 
(that is, survival benefit) of this finding remains to be determined.

Most studies on laparoscopic vs. open Whipple procedures included both patients with 
benign and malignant disease. One study described a cohort of laparoscopic vs. open 
Whipple procedures for benign disease, but the reported outcomes did not deviate 
from other studies including both malignant and benign disease (Table 2). Studies on 
laparoscopic vs. open Whipple surgery specifically for cancer showed comparable radical 
resection rates and lymph node retrieval (Table 3). However, due to selection bias, 
the oncological efficiency should ideally be assessed in a randomized controlled trial. 
Whether such a study is feasible is unclear as a trial aimed at demonstrating oncological 
superiority would require hundreds if not thousands of patients. An international registry 
might be one option to collect sufficient data to draw meaningful conclusions.

Searching the International Clinical Trials Registry Platform of the WHO yielded only 
one ongoing randomized trial on laparoscopic vs. open Whipple surgery, which is being 
performed in India as of 2013.77 Primary outcomes of this study are postoperative 
complications according to the expanded Accordion Severity Grading System and the 
targeted trial duration is set at 3 years.

LAPAROSCOPIC DISTAL PANCREATECTOMY

In almost all published comparative analyses, LDP seems to decrease the risk of 
complications compared with open distal pancreatectomy (Table 4) and to increase the 
likelihood of spleen preservation (OR = 3.0, P = 0.0003, Table 2).16 These results were, 
however, not stratified according to whether the underlying path-ology was benign or 
malignant, as the individual studies included patients with different types of tumor biology. 
Furthermore, randomized trials have not been performed.15–17,19,20,78,79 The laparoscopic 
approach is reportedly associated with reduced rates of delayed gastric emptying (20% 
vs. 32%) and surgical site infections (OR = 0.3), but it is essential to mention that 
these data are of low to moderate quality.15,16,19–21,78 LDP does not influence the rate of 
postoperative pancreatic fistula and conversion rates to open surgery vary substantially 
between 0% and 34%.9,78,80–84 The difference in conversion rates has been attributed to 
the learning curve of the surgeon in obtaining proficiency.82 Despite this learning curve 
effect, major postoperative morbidity seems to be the same for laparoscopic and open 
distal pancreatectomy (Table 4).18



35

L APAROSCOPIC PANCREATIC SURGERY for BENIGN and MALIGNANT DISEASE

II

TABLE 1. Case-matched series comparing open and laparoscopic Whipple.

Chalikonda et al.
(2012)67

Dokmak et al.
(2015)69

Langan et al.
(2014)36

Song et al.
(2015)68

Wellner et al.
(2014)40

Inclusion period 2009–2010 2011–2014 2010–2013 2007–2012 1996–2013

Patients, n OW 30 46 25 93 40

LW 30 46 25 93 40

Age, years OW 61§ 63 (47-81) ‡ 65 (34-85) ¶ 50 ± 13 65 (31-82) ¶

LW 62§ 60 (27-85) ‡ 64 (45-84) ¶ 50 ± 13 63 (20-82) ¶

Female OW 46% 39% 68% 49% 63%

LW 46% 43% 61% 49% 63%

BMI OW 26§ 26 (19-42)*‡ 23# 23 ±3 25 (17-37) ¶

LW 25§ 23 (17-30)*‡ 28# 23 ±3 24 (15-39) ¶

ASA >2 OW 76% – – – 28

LW 53% – – – 18

Cancer OW 46% 30% 64% 0% 35%

LW 46% 32% 57% 0% 35%

Tumour size, 
mm

OW 29§ 25 (15-40) ‡ 27# – 25 (6-35) ¶

LW 30§ 28 (12-40) ‡ 23# – 25 (10-42) ¶

Operative 
time, min

OW 366*§ 264 (120-400)*‡ 347§ 348 ± 87* 410 (170-645) ¶

LW 476*§ 342 (240-540)*‡ 355§ 483 ± 118* 343 (212-510) ¶

EBL, ml OW 775§ 293 (50-1200) ‡ 454 (100-1200)‡ 570 ± 448 –

LW 485§ 368 (50-1200) ‡ 336 (100-1400)‡ 609 ± 375 –

Conversion LW 10% 7% Excluded – 40%

POPF OW 17% B+C 33% B+C 28% 7% B+C 28% B+C

LW 7% B+C 43% B+C 18% 7% B+C 18% B+C

DGE OW 3% B+C 15% – 2% B+C 28% B+C

LW 3% B+C 17% – 1% B+C 13% B+C

Morbidity OW 43% 20% CD>2 – 5% CD>2 18% CD>2

LW 30% 28% CD>2 – 8% CD>2 25% CD>2

LOS, days OW 13*§ 23 (7-115) ‡ 9*§ 19 ± 9* 16 (10-76) ¶

LW 10*§ 25 (6-104) ‡ 7*§ 14 ± 8* 14 (6-59) ¶

Readmission OW – 9% 28% 3% –

LW – 9% 14% 5% –

Mortality OW 0% 30-day 0% 90-day – 0% 30-day 0%

LW 4% 30-day 2% 90-day – 0% 30-day 5%

Outcomes are mean (standard deviation) unless stated otherwise. Cancer rate is based on histopathology if reported. 
*Difference between groups with P value <0.05. ‡Mean (range). §Mean. ||Median (interquartile range). ¶Median (range). 
#Median. Abbreviations: ASA, American Society of Anesthesiologists; B+C, International Study Group of Pancreatic 
Surgery grade B and C complications; CD, Clavien-Dindo; DGE, delayed gastric emptying; EBL, estimated blood loss; 
LOS, length of stay; LW, laparoscopic Whipple; OW, open Whipple; POPF, postoperative pancreatic fistula.
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TABLE 2. Studies on open versus laparoscopic pancreatic surgery for benign disease.

Song et al.
(2015)68

Abu Hilal et al.
(2012)80

Fox et al.
(2012)81

Ricci et al.
(2015)96

Xourafas et al.
(2015)123

Yoon et al.
(2015)62

Type W DP DP DP DP DP

Inclusion period 2007–2012 2005–2011 2004–2010 2008–2013 2004–2014 2004–2011

Patients, n OS 93 16 76 40 98 46

LS 93 35 42 41 73 70

Age, years OS 50 ± 13 63 (18-79)¶ 58 ± 14 67‡ 62 (34-92)¶ 57*#

LS 50 ± 13 60 (17-78)¶ 55 ± 16 58‡ 61 (20-95)¶ 50*#

Female OS 49% 44% 49%* 48% 51% 70%

LS 49% 51% 69%* 66% 44% 64%

BMI OS 23 ±3 – 27 (24-30)|| 27§ 28# 24#

LS 23 ±3 – 27 (24-31)|| 25§ 28# 23#

ASA >2 OS – – 53% – – 0%

LS – – 52% – – 3%

Tumour size, 
mm

OS – – 35 (25-58)|| 30 (80-150)¶ 27 (4-150)¶ 34#

LS – – 29 (15-46)|| 25 (5-150)¶ 22 (2-130)¶ 36#

Operative 
time, min

OS 348 ± 87* 225 (120-460) ¶ 281 (247-333)|| 218 (135-385)¶ 409# 210#

LS 483 ± 118* 200 (120-420)¶ 304 (265-348)|| 210 (150-400)¶ 352# 221#

EBL, ml OS 570 ± 448 394 (75-2000)*¶ 375 (200-700)|| – – 358#

LS 609 ± 375 200 (50-900)*¶ 375 (200-800)|| – – 352#

SPDP OS – 19%* 21% 30% – 100%

LS – 40%* 33% 27% – 100%

Conversion LS – 0% 12% 12% 15% –

POPF OS 7% B+C 44% 5% B+C 13% B+C 15% B+C 9%

LS 7% B+C 29% 0% B+C 20% B+C 6% B+C 17%

Morbidity OS 5% CD>2 69% 20% 50% 47%* 28%

LS 8% CD>2 40% 21% 37% 30%* 33%

LOS, days OS 19 ± 9* 11 (5-46)*¶ 7 (6-9)*|| 10 (7-22)¶ 7 (4-39)*¶ 14*#

LS 14 ± 8* 7 (3-25)*¶ 5 (4-6)*|| 9 (6-24)¶ 5(3-18)*¶ 10*#

Operative 
costs

OS – UK£5,231* US$4,510 EUR€4,076* – –

LS – UK£6,039* US$4,655 EUR€6,869* – –

LS/OS – 1.15 1.03 1.69 1.12 –

Total costs OS – UK£16,675 US$13,657* EUR€8,038* – –

LS – UK£11,292 US$10,842* EUR€11,058* – –

LS/OS – 0.68 0.79 1.38 0.8 –

Mortality OS 0% 30-day 1% 90-day – 0% 30-day 13% 30-day 0%

LS 0% 30-day 0% 90-day – 0% 30-day 5% 30-day 0%

Outcomes are mean (standard deviation) unless stated otherwise. *Difference between groups with P value <0.05. ‡Mean (range). 
§Mean. ||Median (interquartile range). ¶Median (range). #Median. Abbreviations: ASA, American Society of Anesthesiologists; B+C, 
International Study Group of Pancreatic Surgery grade B and C complications; CD, Clavien-Dindo; DP, distal pancreatectomy; 
EBL, estimated blood loss; LOS, length of stay; LS, laparoscopic surgery; OS, open surgery; POPF, postoperative pancreatic 
fistula; SPDP, spleen-preserving distal pancreatectomy; W, Whipple.
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Large studies on the oncological efficiency (such as radical resection rate, lymph node 
retrieval and postoperative survival) of laparoscopic vs. open distal pancreatectomy are 
scarce. Although the available evidence suggests comparable oncological efficiency, the 
considerable difference in baseline characteristics between the groups makes it impossible 
to base conclusions on these findings (Table 3).9,42,85–88

A search in the International Clinical Trials Registry Platform of the WHO yielded two 
randomized controlled trials on laparoscopic vs. open distal pancreatec-tomy.89,90 As of 
2015, a randomized controlled multicenter trial on LDP vs. open distal pancreatectomy 
for symptomatic benign, premalignant and malignant disease is being performed in 17 
centers of the Dutch Pancreatic Cancer Group.89 The primary outcome of this study is 
time to functional recovery. The targeted sample size of this study is 102 patients and 
results are expected in 2017. A second study, a single-center randomized con-trolled trial 
with a targeted sample size of 128 patients, was planned but never started.90

Stomach Stomach

Pancreas Pancreas

Spleen Spleen

Aorta Aorta

Superior mesenteric vein Superior mesenteric vein

Splenic artery Splenic artery

Splenic vein Splenic vein

Left gastro-epiploic artery

Inferior mesenteric vein

Short gastric arteries

Left gastro-epiploic artery
Short gastric arteries

Inferior mesenteric vein

Kimura Warshaw

Portal vein Portal vein

FIGURE 4. Techniques for spleen-preserving distal pancreatectomy. 
During the Kimura technique (left), the splenic vessels are preserved. During the Warshaw 
technique (right), the splenic vessels are ligated.
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COST-EFFICIENC Y AND QUALIT Y OF LIFE AFTER L APS

Current studies on the cost efficiency of LAPS tend to be institution-centerd without a 
societal perspective. One study reported better quality of life and performance metrics 
after LAPS than after open surgery.36 Quality of life was improved up to 6 months 
postoperatively in patients who had undergone laparoscopic compared with open 
Whipple procedures (median Karnofsky scores at 6 months 92% vs. 66%, P = 0.003).36 
After 6 months postoperatively, no significant differences in quality of life were noted.36

LAPAROSCOPIC WHIPPLE PROCEDURE

Case-matched studies have suggested that the most obvious benefit of laparoscopic 
Whipple procedures over open surgery is a shorter hospital stay, which will probably 
reduce admission-related hospital costs (Table 1).36,40,67–69 Within these case-matched 
series, laparoscopy was associated with a statistically significant prolonged operative 
time (2 hours), which probably adds to overall costs.67,68 The question is whether cost 
reductions resulting from a shorter length of hospital stay outweigh the higher procedure 
costs due to increased operative time and expensive laparoscopic surgical equipment 
compared with open Whipple surgery.

To date, two cohort series have addressed costs of laparoscopic and open Whipple 
procedures.73,74 Both studies were performed in a single-center setting and compared 
only direct medical costs between groups. These studies concluded that the laparoscopic 
approach was associated with higher procedure costs than open Whipple surgery (35% 
cost increase, P < 0.0001), but total costs were comparable between laparoscopic and 
open Whipple procedures (US$ 24,590 vs. US$ 19,720, respectively, P = 0.19).73,74 Series 
performing cost-effectiveness and cost-utility analyses from the societal as well as the 
hospital provider’s perspective, such as the cost per day of being fully recovered after 
surgery and the cost per quality-adjusted life year as primary out-comes, are lacking. The 
laparoscopic approach seems to be comparable to the open approach concerning hospital 
costs, but further investigation is needed.

LAPAROSCOPIC DISTAL PANCREATECTOMY

In most studies, length of hospital stay was shorter after LDP than after open distal 
pancreatectomy.9,62,78–83,91,92 These results remain similar when only case-matched studies 
are assessed (Table 4). Postoperative hospital stay could even be decreased to 3 days 
when the laparoscopic approach was combined with the implementation of an enhanced 
recovery programme.93 Operative time was only slightly prolonged in patients undergoing 
LDP compared with open distal pancreatectomy (Table 4).
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Costs of LDP were assessed in one matched case-control study, five non-matched 
comparative studies, and one large database study.80,81,94–97 When taking procedure costs as 
well as postoperative admission costs into account, out-comes varied from no statistically 
significant cost reduc-tion94,95,97 or limited additional costs per laparoscopic procedure82,96, 
to a statistically significant 20–30% cost reduction in case of laparoscopy80,81 (Table 2). The 
reduction in morbidity and length of stay after LAPS seems to be the major contributing 
factor to reduced overall costs.81 However, other studies have reported a decreased length 
of stay after LDP without a reduction in morbidity, resulting in slightly increased overall 
cost after laparoscopic surgery compared with open surgery.82 The first study that included 
quality of life markers in the cost-effectiveness analysis concluded that LDP is more cost 
effective when costs per quality-adjusted life year gain were included.96

LE ARNING CURVE OF L APS

As mentioned previously, concerns about the learning curve constitute an important 
barrier for the implementation of LAPS. Knowledge of this learning curve and strategies to 
minimize its clinical impact are crucial. In the vast majority of studies, the surgical learning 
curve is defined as a decrease in operative time, blood loss or conversions.70,74,98–100 More 
challenging cases could be attempted with increasing surgical experience. An increase 
in surgical complexity without worsening operative and postoperative outcomes can be 
considered as progression along the learning curve.

LAPAROSCOPIC WHIPPLE PROCEDURE

Three strategies for introducing the laparoscopic Whipple procedure have been described 
in the literature. In all three strategies, the resection phase is done laparoscopically. The 
first strategy is the introduction of a total laparoscopic approach, often with the help of a 
surgical proctor.101 The second strategy is adopting a hybrid approach, meaning that the 
resection phase is performed via a laparoscopic approach and the anastomotic phase via 
a small laparo-tomy.74 The third strategy is also a hybrid strategy, but in this procedure 
the resection phase is performed laparoscopically whereas the reconstruction phase is 
performed using robot-assisted surgery.102 Each strategy has its unique learning curve. 
The previously mentioned analysis that found higher mortality after laparoscopic than 
after open Whipple procedures, especially in low-volume centers, emphasizes the need 
for evidence-based structured implementation programs to prevent increased mortality 
and/or morbidity.75 Laparoscopic Whipple procedures should probably only be 
introduced in high-volume pancreatic centers.
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Publications in the past few years have suggested that laparoscopic Whipple procedures 
can be safely implemented when using a hybrid surgery technique before starting with a 
total laparoscopic procedure.74,103 After 10 hybrid procedures, surgeons were considered 
to be adequately prepared to start with total laparoscopic Whipple procedures, provided 
that the surgeon was already trained in both open Whipple procedures and advanced 
gastrointestinal laparoscopy.74,103 The most obvious improvements in operative results 
were seen after 50 hybrid procedures. One cohort study showed that postoperative 
pancreatic fistula rates decreased from 36% to 18% after performing 11 laparoscopic 
Whipple procedures.35 This learning curve might be comparable to that of robot-
assisted Whipple procedures, as postoperative pancreatic fistula rates decreased from 
28% to 14% (P = 0.04) after performing 40 procedures using robot-assisted surgery.70 
Depending on the local case volume, for both approaches it will take a surgeon multiple 
years to overcome the learning curve and achieve high-quality results.70 Specific training 
strategies, such as ex vivo training, simulation and on site proctoring, are advised. These 
high numbers of required resections highlight the necessity of centralization of pancreatic 
surgery, which enables improvement of operative and postoperative results in general, as 
shown in several studies.104–107

LAPAROSCOPIC DISTAL PANCREATECTOMY

Reductions in operative time and perioperative blood loss related to learning curve 
were reported in three studies over the past 5 years.21,96,98 However, these improvements 
seemed to have no effect on overall postoperative morbidity. Surgeon experience was 
associated with a decreased length of hospital stay in only one study, but the authors 
admitted this finding might be due to lower levels of confidence to discharge patients 
among less experienced surgeons.21 Overall, completion of the learning phase has been 
estimated to lie between 10 and 20 cases, but this number is probably highly influenced 
by the surgeon’s experience with advanced laparoscopic procedures and with case 
complexity.

ROBOT-A SSISTED PANCRE ATIC SURGERY

Robot-assisted platforms aim to improve technical ability during a surgical procedure, by 
providing binocular 3D vision, eliminating tremor and improving surgeon ergonomics.108 
However, the lack of tactile feedback and the increased procedural costs are important 
barriers to widespread implementation. Depending on inclusion of amortization and 
costs of extended use of the operating room, robot-assisted distal pancreatectomy has 
been associated with extra costs of between US$ 1,500 and US$ 6,000 per procedure 
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as compared with open surgery.94,109,110 Some study authors argue that reduced blood 
loss, lower conversion rates, decreased postoperative morbidity and shorter lengths of 
stay balance these increased operative costs of LDP.94,111 However, cost-effectiveness 
studies are inconclusive and the added benefit of the robot-assisted technique remains 
controversial to date. Two systematic reviews concluded that the robot-assisted 
approach to pancreatic surgery seems feasible and safe when performed in experienced 
centers.25,112 A large series on robot-assisted pancreatic resections consequently reported 
low conversion (6%) and 90-day mortality rates (1–2%) for both Whipple procedures 
and distal pancreatectomy.25,113 Centers performing both laparoscopic and robot-
assisted pancreatic surgery remain scarce, so limited comparative evidence exists. Most 
studies focus on distal pancreatectomy rather than Whipple resections.109,111,114,115 Some 
observational studies reported higher rates of spleen preservation, more radical resections, 
decreased conversion rates, shorter operative time and lower intraoperative blood loss 
after robot-assisted surgery vs. LDP.111,114 However, some experts in this field doubt the 
quality of available evidence, and outcomes of other observational studies on this topic 
were contradictory showing increased operative time, lower spleen-preservation rates 
and increased costs with robot-assisted surgery than with LDP.109,115–117 Most published 
articles on robot-assisted distal pancreatectomy reported the presence of a substantial 
learning curve in their series.94,109–111,115,118–120 The largest series on the learning curve of 
robot-assisted Whipple surgery showed that blood loss (600 ml to 250 ml, P = 0.002) 
and conversions (35% to 3%, P < 0.001) improved significantly after 20 cases, the 
pancreatic fistula rate (28% to 14%, P = 0.04) after 40 cases, and the operative time (581 
min to 417 min, P < 0.001) after 80 cases.70 The potential disadvantages and benefits 
of the learning curve for robot-assisted vs. laparoscopic Whipple procedures have to be 
determined in future randomized controlled trials before conclusions can be drawn.121 
The learning curve for robot-assisted distal pancreatectomy seems to be optimized after 
40 cases, displaying shorter operative times (266 min to 210 min, P < 0.001) and a lower 
likelihood of readmission (40% to 20%, P = 0.041) compared with the first 40 cases in 
a study on 100 consecutive cases.119 Undisputedly, robot-assisted surgery is a promising 
approach to a relatively new procedure, and further studies should investigate the added 
value compared with laparoscopic surgery.

CONCLUSIONS

Many studies have suggested that LAPS can be performed safely by experienced surgeons, 
albeit more clearly for LDP than for the laparoscopic Whipple procedure. LAPS should 
be implemented in high-volume centers only, within a structured training program. 
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The role of robot-assisted platforms has yet to be determined. Randomized controlled 
multicenter trials will ultimately have to confirm the safety and effectiveness of LAPS on 
a larger scale. The treatment algorithms described in this Review can assist in the decision 
to perform a laparoscopic Whipple procedure or an LDP rather than open surgery.
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ABSTR ACT

Background. Minimally invasive (MI) pancreatic surgery appears to be gaining 
popularity, but its implementation throughout Europe and the opinions regarding its use 
in pancreatic cancer patients are unknown. 

Methods. A 30-question survey was sent between June and December 2014 to pancreatic 
surgeons of the European Pancreatic Club, European-African Hepato-Pancreato-Biliary 
Association and 5 European national pancreatic societies. Incomplete responses were 
excluded. 

Results. In total, 237 pancreatic surgeons responded. After excluding 34 incomplete 
responses, 203 responses from 27 European countries were included. 164 (81%) surgeons 
were employed at a university hospital, 184 (91%) performed advanced MI surgery 
and 148 (73%) performed MI distal pancreatectomy. MI pancreatoduodenectomy was 
performed by 42 (21%) surgeons, whereas 9 (4.4%) surgeons had performed more 
than 10 procedures. Robot-assisted MI pancreatic surgery was performed by 28 (14%) 
surgeons. 63 (31%) surgeons expected MI distal pancreatectomy for cancer to be inferior 
to open distal pancreatectomy concerning oncological outcomes. 151 (74%) surgeons 
expected to benefit from training in MI distal pancreatectomy and 149 (73%) were 
willing to participate in a randomized trial on this topic. 

Conclusions. MI distal pancreatectomy is a common procedure, although its use for 
cancer is still disputed. MI pancreatoduodenectomy is still an uncommon procedure. 
Specific training and a randomized trial regarding MI pancreatic cancer surgery are 
welcomed. 
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INTRODUCTION

Minimally invasive (MI) approaches to gastrointestinal diseases are on the rise worldwide, 
but evidence from randomized controlled trials, especially in cancer patients, is lacking.1 
Since the first publication on laparoscopic pancreatic surgery in 1994, its introduction 
into surgical practice has been rather slow. Although the popularity of laparoscopic 
pancreatic surgery seems to increase in recent years, there is no data available on the 
implementation of this approach. 

Outcomes after distal pancreatectomy for malignant disease are still poor and it is unclear 
whether laparoscopy could improve postoperative outcomes.2 Several recent systematic 
re- views have shown superior outcomes of laparoscopic distal pancreatectomy compared 
to open surgery concerning blood loss, spleen-preservation and length of hospital stay.3–8 
However, a recently published systematic review showed that only 5 comparative cohort 
studies on laparoscopic versus open distal pancreatectomy exclusively for cancer were 
available.9 In this systematic review, as in many reports, patients considered for the 
laparoscopic approach were highly selected.9 Furthermore, except for hospital stay, 
nationwide propensity score matched analyses failed in confirming obvious benefits 
of laparoscopy.10,11 However, laparoscopic distal pancreatectomy is being increasingly 
utilized and, therefore, it is interesting to investigate the attitudes and future prospects 
of surgeons towards this procedure.8 What is the general opinion regarding laparoscopic 
distal pancreatectomy for pancreatic cancer? What is the incidence of this procedure and 
what do surgeons need to enable the implementation of the laparoscopic approach for 
cancer in their center? And how often is this procedure performed via a robot-assisted 
approach? 

Similarly, comparative literature on laparoscopic versus open pancreatoduodenectomy is 
limited. A recently published matched case–control study showed that patient selection 
plays an important role.12 Nevertheless, after case-matching, the laparoscopic approach 
was associated with a significantly shorter postoperative hospital stay, but at the detriment 
of longer operative time and possibly increased costs.12,13 A recent systematic review of 
cohort studies concluded that laparoscopic pancreatoduodenectomy is feasible and safe 
in selected patients, when operated by expert surgeons trained in both laparoscopic and 
pancreatic surgery.14 Again, since randomized controlled trials are lacking, selection bias 
will undoubtedly have influenced these outcomes. 

In the past decade, the amount of publications on robot-assisted distal pancreatectomy 
and pancreatoduodenectomy has been increasing significantly.15,16 This MI approach 



58

CHAPTER III

to pancreatic surgery is evolving and is suggested to have some benefits as well as 
disadvantages compared with laparoscopic and open pancreatic surgery.15 However, the 
utilization of robot-assisted pancreatic surgery in Europe is unknown. 

The benefits of MI pancreatic surgery are still unclear and it is unknown how many 
European surgeons perform this type of surgery, how many procedures they perform 
each year and whether these procedures are also performed in cancer patients. For this 
purpose, a specific survey was developed, with the aim to give insights in attitudes and 
prospects towards these procedures and its implementation, to investigate whether 
specific training on MI distal pancreatectomy is desired and to identify European 
pancreatic surgeons who would like to participate in a future randomized controlled trial 
focusing on MI pancreatic surgery in patients with pancreatic cancer. 

METHODS

SURVEY TARGET GROUP

An online survey was sent to all surgeon members of the European Pancreatic Club, the 
European-African Hepato-Pancreato-Biliary Association and the national pancreatic 
societies of the United Kingdom, Italy, Spain, the Netherlands and Belgium using 
SurveyMonkey® (www.surveymonkey.com). Since the survey was sent by these 
associations and the membership lists are confidential and known to be partially 
overlapping, the total number of invitees could not be retrieved. The survey was 
conducted between June and December 2014 and consisted of 30 questions. Non-
responders received up to two reminders. Incomplete responses were excluded. 

IVESTIGATED PARAMETERS

Investigated parameters included hospital type, country of origin, details of surgical 
experience (surgery, open pancreatic surgery, MI pancreatic surgery), attitudes towards 
MI pancreatic surgery, essential elements of MI pancreatic surgery for cancer, views on 
training in laparoscopic pancreatic surgery and interest in future randomized trials on MI 
distal pancreatectomy for cancer. 

DEFINITIONS

MI surgery was defined as laparoscopic or robot-assisted surgery. Advanced MI 
gastrointestinal surgery was defined as any MI procedure of the gastrointestinal tract 
beyond gallbladder surgery, appendectomy or inguinal hernia repair surgery.
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STATISTICAL ANALYSIS

Variables were processed and analysed using IBM SPSS Statistics for Microsoft Windows 
22.0 (SPSS, Armonk, New-York, United States). Data were reported as number with 
percentage or as median with interquartile range (IQR). Sensitivity analyses were 
performed; 1) by excluding countries with > 75% relative response rate (defined as 
number responders per 5 million inhabitants) and 2) by excluding the 9 Western 
European countries as defined by the United Nations Statistical Commission (http:// 
unstats.un.org/unsd/methods/m49/m49regin.htm, accessed March 15, 2015).

RESULTS

DEMOGRAPHICS

Responses were received from 237 pancreatic surgeons, of which 34 were excluded due 
to incompleteness, leaving 203 responses available for analysis. Responders originated 
from 27 European countries, as shown in Figure 1. The majority of responders were from 
Spain (n = 29), the United Kingdom (n = 28), the Netherlands (n = 28), Italy (n = 23) 
and Germany (n = 13). Half of all responders (n = 100, 49%) were employed at a center 
in which at least 40 pancreatic head resections are performed annually. 

GENERAL SURGICAL EXPERIENCE

Overall, 154 (76%) surgeons had been practicing for longer than 10 years and 91% (n = 
185) had experience with advanced MI gastrointestinal surgery. Of surgeons performing 
advanced MI gastrointestinal surgery, 44% of them (n = 90) personally performed 
more than 20 procedures per year. Procedures performed via a MI approach are listed 
in Table 1. Interestingly, 60 (30%) surgeons declared to perform MI pancreatic-, liver- 
and colorectal surgery. Most surgeons (n = 160 (79%)) performed 1 to 30 pancreatic 
resections annually and a minority of surgeons (n = 20 (10%)) performed more than 50 
pancreatic resections annually, see Table 2. Of all responding surgeons, 68 (33%) pointed 
out to have a surgical robot system available, but only 28 (14%) surgeons used this robot 
for pancreatic surgery.
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FIGURE 1. Number of responses per country.
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TABLE 1. Procedures through performed minimally invasive surgery.

Number of surgeons

Minimally invasive distal pancreatectomy 148 (72.9%)

Minimally invasive pancreatoduodenectomy 25 (12.3%)

Minimally invasive liver minor resection 135 (66.5%)

Minimally invasive liver major resection 45 (22.2%)

Minimally invasive splenic resection 122 (60.1%)

Minimally invasive colorectal resection 93 (45.8%)

Minimally invasive oesophagogastric resection 34 (16.7%)

Other minimally invasive resection 33 (16.3%)

TABLE 2. Annual volume of pancreatic resections (both minimally invasive and open) per 
surgeon

Number of surgeons

1-10 66 (32.5%)

11-20 52 (25.6%)

21-30 42 (20.7%)

31-40 12 (5.9%)

41-50 11 (5.4%)

51-60 6 (3.0%)

61-70 3 (1.5%)

>70 11 (5.4%)

Total 203 (100%)

EXPERIENCE IN MINIMALLY INVASIVE DISTAL PANCREATECTOMY

The majority of responding surgeons (n = 148 (73%)) had some experience with MI 
distal pancreatectomy, but only 15 (7%) surgeons had experience with this procedure 
for more than 10 years. The total number of MI distal pancreatectomies performed 
per surgeon is shown in Table 3. The median proportion of distal pancreatectomies 
performed via a MI approach per surgeon was 30% (interquartile range 10–70%). Of all 
distal pancreatectomies, surgeons declared to preserve the spleen in a median of 30% of 
patients (interquartile range 10–50%). 
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FEASIBILITY OF MINIMALLY INVASIVE DISTAL PANCREATECTOMY FOR 
CANCER

The average annual number of MI distal pancreatectomies for cancer and items which 
are considered essential for an oncological radical distal pancreatectomy are summarized 
in Table 3. In total, 63 (31%) of surgeons expected oncologic outcomes after MI distal 
pancreatectomy for cancer to be inferior to open distal pancreatectomy, mainly regarding 
lymphadenectomy, resection margins or survival. 

TABLE 3. Personal experience with distal pancreatectomy

Minimally invasive distal pancreatectomy Number of surgeons

Total number of minimally invasive distal pancreatectomies performed 
personally

None
1-10
11-20
21-50
51-100
>100

55 (27.1%)
71 (35.0%)
43 (21.2%)
22 (10.8%)
9 (4.4%)
3 (1.5%)

Annual number of minimally invasive distal pancreatectomies performed 
for cancer 

1-5
6-10
11-15

75 (36.9%)
20 (9.9%)
3 (1.5%)

Essential components of a oncological radical distal pancreatectomy
Regional lymphadenectomy*
Full lymphadenectomy**
Pancreatic transection over portomesenteric vein
Resection of Gerota’s fascia
Splenectomy
RAMPS

121 (59.6%)
82 (40.4%)
113 (55.7%)
60 (29.6%)
135 (66.5%)
38 (18.7%)

*Defined as around the splenic artery
**Defined as around the splenic artery, celiac trunk and common hepatic artery
RAMPS = radical antegrade modular pancreatosplenectomy

In addition, without asking for it, 11 (5%) surgeons stated in a free text box that a 
randomized trial on this subject is warranted before drawing any conclusions. Tumor 
involvement of at least one organ besides the pancreas was considered a contraindication 
for a MI approach by 121 (60%) surgeons, malignant disease by 40 (20%) surgeons, 
morbid adiposity by 34 (17%) surgeons and chronic pancreatitis by 30 (15%) surgeons. 

IMPLEMENTATION OF MINIMALLY INVASIVE DISTAL PANCREATECTOMY

Reported barriers for the implementation of MI distal pancreatectomy were insufficient 
training, concerns about oncological efficiency, higher costs and a low indication 
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frequency. Even more surgeons saw barriers of performing MI distal pancreatectomy for 
cancer, mostly because of the technical difficulty and the lack of experience. 92 (45%) 
of all surgeons noted that they did not have sufficient training in laparoscopic distal 
pancreatectomy for all indications and 151 (74%) surgeons declared that they would 
benefit from expert training in laparoscopic distal pancreatectomy for cancer, preferably 
in a combined training program that includes video training, central training and 
proctoring on-site. Despite the need for training in laparoscopic distal pancreatectomy, 
149 (73%) surgeons declared to be willing to participate in a randomized controlled trial 
on MI versus open distal pancreatectomy for cancer. 

MINIMALLY INVASIVE PANCREATODUODENECTOMY

In total, 42 (21%) surgeons reported experience with MI pancreatoduodenectomy 
(see Table 4). Furthermore, 35 (17%) surgeons had 1–5 years of experience with this 
technique. The total number of MI pancreatoduodenectomies performed per surgeon 
is summarized in Table 4. These surgeons declared to perform a median of 5% (IQR =  
0–13) of pancreatoduodenectomies via a MI approach. Finally, 132 (65%) surgeons 
pointed out that a laparoscopic approach to pancreatoduodenectomy is a technical 
problem. 

TABLE 4. Total personal experience with minimally invasive pancreatoduodenectomy

Number of surgeons

None 155 (76.4%)

1-10 39 (19.2%)

11-20 2 (1.0%)

21-30 1 (0.5%)

31-40 2 (1.0%)

41-50 0 (0.0%)

>50 4 (2.0%)

Total 203 (100%)

SENSITIVITY ANALYSES

Excluding countries with > 75% relative response rate did not change the main study 
outcomes (75/95 (79%) experience with MI distal pancreatectomy, 25/95 (26%) 
experience with MI pancreatoduodenectomy and 35/95 (37%) concerns with MI 
pancreatic surgery for cancer). Likewise, the sensitivity analyses excluding 9 Western 
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European countries also did not change the main study results (45/61 (74%) experience 
with MI distal pancreatectomy, 12/61 (20%) experience with MI pancreatoduodenectomy 
and 24/61 (39%) concerns with MI pancreatic surgery for cancer).

DISCUSSION

This pan-European survey showed that the majority of responding European pancreatic 
surgeons has experience with MI distal pancreatectomy but only a minority is experienced 
with MI pancreatoduodenectomy. A minority of surgeons utilizes robot-assisted MI 
pancreatic surgery. The feasibility and safety of MI distal pancreatectomy for cancer was 
questioned by about a third of pancreatic surgeons. The majority of surgeons indicate that 
training in MI pancreatic cancer surgery and a randomized controlled trial on MI versus 
open distal pancreatectomy for cancer would be welcomed. 

There are no comparable studies which focussed on the implementation of MI pancreatic 
surgery in an entire continent. Most surgeons participating in this survey had rather 
extensive experience with both pancreatic surgery and advanced MI gastrointestinal 
surgery, and most surgeons already got acquainted with MI distal pancreatectomy. The 
relatively low proportion (30%) of distal pancreatectomy performed via a MI approach 
may be considered surprising, especially when expert centers report use of MI pancreatic 
surgery in 60–80% of procedures.17–19 Nevertheless, this outcome is comparable 
to those of recent nationwide studies that found a proportion of MI approaches to 
pancreatic surgery of 10%, 28% and 15% in the Netherlands, Italy and the United States 
respectively.11,20,21 Today, more than 20 years after the introduction of laparoscopic distal 
pancreatectomy, its implementation is apparently not yet completed.22,23 Robot-assisted 
MI surgery was introduced in the late ‘90s, but the first publications on robot-assisted 
MI pancreatic surgery appeared 5–10 years later.24,25 As of these days, robot-assisted 
MI pancreatic surgery is gaining popularity. The benefits and disadvantages of robot-
assisted pancreatic surgery over laparoscopic pancreatic surgery regarding costs are not 
clear yet, as some studies suggested superiority24,26 and some suggested inferiority of the 
robot-assisted MI approach.27 Referring to these publications, one would expect that the 
robot-assisted approach would have become quite common. Interestingly, this survey 
shows that this is neither the case for laparoscopic nor robot-assisted MI pancreatic 
surgery. This is even more interesting when considering that the results of this survey 
could be biased, as surgeons with a positive attitude towards MI pancreatic surgery are 
probably more likely to have completed the survey. The slow rate by which MI pancreatic 
surgery is implemented may be due to the low-volume and high-risk nature of pancreatic 
surgery. In this survey, the majority of medical centers reported to perform only 5–10 
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distal pancreatectomies annually. These low-volume characteristics were also shown in 
a multicenter survey on the technique and variability of perioperative pathways of distal 
pancreatectomy.20 

An apparently important barrier for the widespread introduction of MI pancreatic surgery 
are concerns regarding oncological safety. The general poor postoperative prognosis of 
patients with pancreatic cancer makes it hard to measure differences between surgical 
approaches. The absence of sufficient training, such as dedicated courses, fellowships or 
mentoring programs, might also be a barrier in the introduction of MI pancreatic surgery. 

Surgeons pointed out that structured training, including video training, central training 
and proctoring on-site, would be welcomed. Before starting a training program on 
laparoscopic pancreatic surgery, research on the effectiveness of possible training methods 
is needed. Such training programs might be easiest to organize on a regional or national 
level, but preparations for a pan-European fellowship on MI hepato-pancreato-biliary 
surgery are also underway. Another barrier could be the lack of evidence on the benefits 
of MI pancreatic surgery, especially when focusing on cancer treatment. Randomized 
controlled trials on this subject could improve clarity regarding potential benefits and 
hereby also accelerate further implementation. Ideally, a randomized trial on MI versus 
open distal pancreatectomy for cancer would primarily focus on the non-inferiority of the 
MI approach concerning postoperative survival. Given the small number of pancreatic 
cancer cases per center per year, such a trial would necessitate collaboration of many 
high-volume pancreatic centers, as even in a non-inferiority setting over 1000 patients 
are needed and would seem unlikely. Alternatively, based on outcomes of a recent 
systematic review by Ricci et al.,9 a randomized non-inferiority trial primarily focusing 
on radical resection rates and secondarily on postoperative survival would be feasible and 
is currently being prepared by the authors. 

In this survey, no consensus was seen on the details of MI distal pancreatectomy for 
pancreatic cancer. For instance, only a minority of surgeons (19%) considered the 
key elements of a radical antegrade modular pancreatosplenectomy (RAMPS), as 
described by Strasberg et al.,28 essential in order to achieve radical resection margins. This 
procedure is frequently recommended in the literature and there is some evidence on 
its superiority compared to conventional distal pancreatectomy for cancer.29 A RAMPS 
can also be performed via a MI approach and several studies suggested outcomes of a MI 
approach to be similar to an open approach.30,31 Outcomes after distal pancreatectomy for 
pancreatic cancer are still poor and it would be interesting to assess the effect of further 
implementation of the RAMPS in Europe.2,32 Surprisingly, only two-thirds of pancreatic 
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surgeons considered splenectomy during distal pancreatectomy for cancer essential for 
oncological radical resection, despite the recommendations of the International Study 
Group on Pancreatic Surgery (ISGPS).33 

A strength of this survey is its circulation through several societies involved in pancreatic 
surgery in Europe. A limitation is the unknown denominator. Due to the confidentiality 
of membership lists, the response rate of this survey is unfortunately unknown. 
Nevertheless, a large group of pancreatic surgeons from 27 countries replied. There 
did appear to be some misbalance between country size and the number of responses. 
However, a sensitivity analysis failed to detect a clear impact of this imbalance on the main 
study outcomes, as the main study outcomes did not change after excluding countries 
with the relatively highest rate of responses and after excluding the 9 Western European 
countries. Importantly, outcomes of this pan-European survey are probably biased, as 
surgeons performing MI pancreatic surgery will be more likely to respond. 

In conclusion, MI distal pancreatectomy is performed by the majority of European 
pancreatic surgeons, although its benefits for cancer are still under debate. MI 
pancreatoduodenectomy is still an uncommon procedure in Europe. Specific training 
in MI pancreatic cancer surgery is welcomed, as well as future randomized controlled 
trials on MI surgery for pancreatic cancer. Future studies should also assess these items 
and other areas of controversy in all regions of the world. This will be explored during 
the upcoming first international state-of-the-art conference on MI pancreatic resection 
staged by the International Hepato-Pancreato-Biliary-Association, which will be held on 
April 20, 2016 in São Paulo, Brazil (http://www.ihpba2016. com/scientificprogram/
consensus.html).
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ABSTR ACT

Background. The introduction of minimally invasive pancreatic resection (MIPR) into 
surgical practice has been slow. The worldwide utilization of MIPR and attitude towards 
future perspectives of MIPR remains unknown. 

Methods. An anonymous survey on MIPR was sent to the members of six international 
associations of Hepato-Pancreato-Biliary (HPB) surgery. 

Results. The survey was completed by 435 surgeons from 50 countries, with each surgeon 
performing a median of 22 (IQR = 12–40) pancreatic resections annually. Minimally 
invasive distal pancreatectomy (MIDP) was performed by 345 (79%) surgeons and 
minimally invasive pancreatoduodenectomy (MIPD) by 124 (29%). The median total 
personal experience was 20 (IQR = 10–50) MIDPs and 12 (IQR = 4–40) MIPDs. 
Current superiority for MIDP was claimed by 304 (70%) and for MIPD by 44 (10%) 
surgeons. The most frequently mentioned reason for not performing MIDP (54/90, 
60%) and MIPD (193/311, 62%) was lack of specific training. Most surgeons (394/435, 
90%) would consider participating in an international registry on MIPR. 

Conclusion. This worldwide survey showed that most participating HPB surgeons value 
MIPR as a useful development, especially for MIDP, but the role and implementation of 
MIPD requires further assessment. Most HPB surgeons would welcome specific training 
in MIPR and the establishment of an international registry. 
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INTRODUCTION

Minimally invasive pancreatic resection (MIPR) was first mentioned by Cuschieri2 
as he described the first laparoscopic distal pancreatectomy in 1994. Several recent 
systematic reviews of cohort series report promising results for minimally invasive 
distal pancreatectomy (MIDP).1–9 These reviews suggest that MIDP is associated with 
lower blood loss, less postoperative morbidity and a shorter hospital stay compared 
with open distal pancreatectomy. Similarly, systematic reviews of cohort studies on 
minimally invasive pancreatoduodenectomy (MIPD) report some benefits over the open 
approach for a selected group of patients in experienced, very high-volume centers.10–12 
There are also concerns regarding MIPD as a recent systematic review which included 
United States based registry studies demonstrated higher mortality after MIPD, mainly 
in low volume centers.10 A report from France demonstrated an increase in clinically 
significant postoperative pancreatic fistulae after MIPD as compared with open 
pancreatoduodenectomy (PD).13 Unfortunately, all of these studies are retrospective in 
nature and are subject to selection bias. Since randomized controlled multicenter trials 
(RCTs) are lacking for both MIDP and MIPD, it is currently difficult to draw conclusions 
on the merits of MIPR. 

Next to high-quality multicenter RCTs, several other strategies such as the use of 
prospectively collected registries, MIPR training programs and credentialing could 
be useful in analysing and possibly improving outcomes. The International Hepato-
Pancreato-Biliary Association (IHPBA) organized a State-of-the-Art conference at the 
2016 World Congress in Sao Paulo, Brazil to summarize the current evidence of MIPR, 
to discuss indications and technical aspects, to determine best practices and to identify 
areas for further research. In preparation for this meeting, this survey was developed, and 
disseminated in order to gain more knowledge about the current opinions on MIPR, 
including the additional value of robot-assisted surgery, the worldwide experience with 
MIPR, perceived barriers, and opportunities for further safe implementation of MIPR. 

METHODS

SURVEY

Between October 2015 and February 2016 all surgeon members of the IHPBA, Asian-
Pacific Hepato-Pancreato-Biliary Association, Americas Hepato-Pancreato-Biliary 
Association, European-African Hepato-Pancreato-Biliary Association, Japanese Society 
of Hepato-Biliary-Pancreatic Surgery and the Pancreas Club received an email invitation 
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and two reminders via these organisations to participate in an online survey regarding 
MIPR. The survey contained 61 questions on demographics, surgical experience, specific 
MIPR experience, including both laparoscopic and robot-assisted pancreatic resection 
(MIDP and MIPD), training, attitudes towards MIPR, selection of patients, prospects 
of the learning curve and patient’s quality of life (QOL). The questions were developed 
with the use of a previous European survey on MIPR14, and were discussed, improved 
and tested several times by the organizing committee of the 2016 IHPBA State-of-the-
Art Conference on MIPR. The survey was conducted anonymously using Google Docs 
(Google, Mountain View, California, United States) but responders were given the 
option to leave their contact information (independently from the survey response) to 
receive the survey results. The invitation e-mail mentioned that surgeons not performing 
MIPR were especially invited to participate in order to obtain balanced results. It was not 
possible to submit incomplete surveys. Due to an overlap in the membership databases 
of the associations and their confidentiality requirements, the total number of invited 
surgeons was unknown.

DEFINITIONS

Minimally invasive surgery was defined as laparoscopic, robot-assisted, or a combination 
of both. Advanced minimally invasive organ resections were defined as all procedures 
beyond minimally invasive appendectomy and cholecystectomy. MIPR was defined as 
all laparoscopic, robot-assisted or combined procedures wherein a part of the pancreas, 
specifically distal pancreatectomy (DP) or PD, was removed. 

STATISTICAL ANALYSIS

Results were processed and analysed using IBM SPSS Statistics for Microsoft Windows 
22.0 Edition (IBM Corp., Armonk, New-York, United States). The database was 
crosschecked for entry errors by a second author. Categorical data were reported 
as numbers with percentages, normally distributed continuous data as means with 
standard deviation (SD) and non-normally distributed continuous data as median with 
interquartile range (IQR). A subgroup analysis was performed to compare characteristics 
and opinion on value, contraindications and technical concerns for MIPR of surgeons 
who did or who did not perform MIPR and for responses from different continents (using 
a Chi–Square test). A two-sided P-value < 0.05 was considered statistically significant. 
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FIGURE 1. Worldwide experience with minimally invasive pancreatic resection.

RESULTS

PARTICIPANTS

A total of 435 surgeons originating from 50 different countries completed the survey 
(Figure 1). Surgeons reported a median surgical experience of 12 years and 391 (90%) 
surgeons performed advanced minimally invasive organ resections (Table 1). Surgeons 
reported that they personally performed a median of 22 pancreatic resections annually, 
whereas the median total number of pancreatic resections performed in their centers 
was 50. The annual pancreatic resection volume was higher in centers of surgeons who 
perform MIPR compared to those who do not perform MIPR (50 (IQR = 30–100) vs. 
40 (IQR = 15–93), P = 0.001). Experience with minimally invasive organ resections and 
pancreatic resections differed marginally between continents (Figure 1). The proportion 
of surgeons performing MIDP (P < 0.001) differed between continents but the rate of 
surgeons performing MIPD (P = 0.085) did not differ. 
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TABLE 1. Characteristics of participating surgeons.

N=435

Age, years 47 (8)*

Surgical experience as an attending surgeon, years 12 (6-20)#

Scope of surgical practise N = 435

HPB surgery 312 (72%)

Pancreatic surgery 128 (29%)

Surgical oncology 115 (26%)

GI surgery 108 (25%)

General surgery 84 (19%)

Liver surgery 55 (13%)

Employed at an academic center 352 (81%)

Performing advanced minimally invasive organ resections 391 (90%)

Experience advanced minimally invasive organ resections, y 8 (5-14)#

Pancreatic resections annually performed as primary surgeon 22 (12-40)#

Pancreatic resections annually performed in center 50 (30-100)#

Outcomes are displayed as numbers (proportions) unless stated otherwise. *Mean (standard deviation), #Median 
(interquartile range). Abbreviations: HPB = hepato-pancreatic-biliary surgery, GI = gastro-intestinal.

PERCEIVED VALUE

Opinions on the value of MIPR are shown in Table 2. Of all 435 participants, 390 (90%) 
felt that MIPR had an overall benefit for patients. Specifically, the current overall value of 
MIDP was considered superior to the open approach by 304 (70%) surgeons compared 
to 44 (10%) of surgeons for MIPD. Robot-assisted pancreatic resection was thought to 
be superior as compared with the laparoscopic approach by a third of surgeons with the 
most frequently mentioned reason for this perceived benefit being the enhancement 
of dexterity. However, 84 surgeons (19%) stated that laparoscopic pancreatic resection 
was perceived as superior compared to the robot-assisted approach, most importantly 
because of the lower cost incurred. QOL was thought to be superior after MIPR by more 
than half the surgeons with the most frequently cited reason being improved pain control 
(Table 2). Subgroup analysis showed that surgeons who perform MIPR more often value 
these procedures as superior to open pancreatic resections as compared to surgeons who 
do not perform MIPR (Table 3).
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TABLE 2. Value of minimally invasive pancreatic resection.

N = 435

There is an overall patient benefit of MIPR 390 (90%)

If benefit, for which procedure N = 390

Only distal pancreatectomy 224 (58%)

Distal pancreatectomy and pancreatoduodenectomy 165 (42%)

Only pancreatoduodenectomy 1 (0%)

Robot-assisted vs. laparoscopic N = 435

Robot-assisted pancreatic resection is superior 151 (35%)

Reason for superiority N = 151

Enhancement of dexterity 140 (93%) 

Superior ergonomics 108 (72%) 

Improved visibility 101 (67%)

3D vision 96 (64%) 

Other 4 (3%) 

Laparoscopic pancreatic resection is superior 84 (19%)

Reason for superiority N = 84

Faster set-up 66 (79%) 

Less expensive 66 (79%) 

Tactile feedback 60 (71%) 

Other 5 (6%) 

Procedures are similar 200 (46%)

QOL MIPR vs open pancreatic resection N = 435

QOL superior after MIPR 251 (58%)

QOL similar after both approaches 130 (30%)

QOL inferior after MIPR 54 (12%)

Reason for superiority N = 251

Less pain 220 (88%) 

Shorter time to functional recovery 199 (79%) 

Decreased length of hospital stay 171 (68%) 

Less blood loss 114 (45%) 

Shorter time to start adjuvant therapy 91 (36%) 

Fewer complications 59 (24%) 

Better life expectancy 8 (3%) 

Other 3 (1%) 

Outcomes are displayed as numbers (proportions) unless stated otherwise. 
Abbreviations: MIPR = minimally invasive pancreatic resection, MIDP = minimally invasive distal pancreatectomy, MIPD 
= minimally invasive pancreatoduodenectomy, QOL = quality of life.
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MINIMALLY INVASIVE DISTAL PANCREATECTOMY

MIDP was performed by 345 surgeons (79%). The most frequently mentioned reason for 
not performing MIDP was a lack of specific training. Different approaches to MIDP were 
described, 314 surgeons (91%) performed a “solitary” laparoscopic DP, 16% a “solitary” 
robot-assisted DP, whereas 24% performed other types of DP (e.g. hand-assisted or 
combined procedures) (Table 4). 

Surgeons performing MIDP reported a median lifetime number of 20 MIDPs (IQR 
= 10–50), including a median of 6 MIDPs (IQR = 10–50) in the past year. The most 
frequently mentioned contraindication for MIDP, by all surgeons, was involvement of 
other organs (Table 4). 

Surgeons performing MIDP considered advanced age (2% vs. 11%, P < 0.001), ASA 
score > 3 (16% vs. 28%, P = 0.01) and a prior laparotomy (11% vs. 19%, P = 0.04) less 
often a contraindication for performing MIDP as compared to surgeons not performing 
this procedure. 

TABLE 3. Perceived current and future value of minimally invasive pancreatic resection 
stratified for whether surgeons perform these procedures.

Current value
Performing

MIDP
N = 345

Not performing
MIDP
N = 90 P-value

Performing
MIPD

N = 124

Not performing
MIPD

N = 311 P-value

Inferior value 7 (2%) 9 (10%) <0.001 28 (23%) 186 (60%) <0.001

Equivalent value 69 (20%) 46 (51%) 75 (60%) 102 (33%)

Superior value 269 (78%) 35 (39%) 21 (17%) 23 (7%)

Future value

Performing
MIDP

N = 345

Not performing
MIDP
N = 90 P-value

Performing
MIPD

N = 124

Not performing
MIPD

N = 311 P-value

Inferior value 3 (1%) 5 (6%) <0.001 13 (10%) 99 (32%) <0.001

Equivalent value 36 (10%) 20 (12%) 45 (36%) 142 (46%)

Superior value 306 (89%) 65 (72%) 66 (53%) 70 (23%)

Outcomes are displayed as numbers (proportions) unless stated otherwise. Abbreviations: MIDP = minimally invasive 
distal pancreatectomy, MIPD = minimally invasive pancreatoduodenectomy, MIPR = minimally invasive pancreatic 
resection.

MINIMALLY INVASIVE PANCREATODUODENECTOMY

One hundred twenty-four responding surgeons (29%) reported performing MIPD. 
The most frequently mentioned reason for not performing MIPD was a lack of specific 
training (Table 5). A “solitary” laparoscopic PD was performed by half the surgeons and 
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a “solitary” robot-assisted PD by one quarter. Procedures combining open, laparoscopic 
and robot-assisted techniques were performed by 61 surgeons. Surgeons performing 
MIPD reported a median lifetime number of 12 (IQR = 4–40) MIPDs, including 4 (IQR 
= 1–15) in the past year. 

The most frequently cited contra-indication for carrying out MIPD was presence of 
tumor-arterial involvement (359/435, 83%) (Table 6). Opinions on contraindications 
for MIPD were uniform among surgeons performing and surgeons not performing 
MIPD. The most frequently mentioned technical concern of MIPD was construction of 
the pancreatic anastomosis (253/435, 58%). Surgeons who perform MIPD had overall 
less technical concerns about this procedure compared to surgeons who not perform 
MIPD.

TRAINING AND CREDENTIALING

The most frequently mentioned essential criteria for starting with MIPR was specific 
training in open pancreatic resection (Table 7). A median number of 10 MIDPs and a 
median of 24 MIPDs were considered necessary to complete the learning curve. The 
majority of surgeons felt that a credentialing process for MIPR would be useful and should 
include several elements (Table 8). Of all respondents, 344 (79%) had obtained training 
in open pancreatic surgery and specific MIPR training was completed by over one third 
of surgeons. Surgeons expressed a desire for specific training in MIDP and MIPD despite 
previous MIPR training (Table 7). Proctoring on-site was most frequently mentioned 
as desired training content. Most surgeons (394/435, 90%) reported that they would 
consider participating in a prospective international registry of MIPR with the goal of 
gaining greater insight into this area of pancreatic surgery.
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TABLE 4. Minimally invasive distal pancreatectomy.

N = 435

Surgeons performing MIDP 345 (79%)

If not performing MIDP, reason N = 90

Lack of specific training 54 (60%) 

Procedure performed by other surgeon 37 (41%) 

Lack of time in surgical schedule 23 (26%) 

Institutional culture discourages it 14 (16%) 

Difficulty of the surgical technique 13 (14%) 

Costs are too high 13 (14%) 

Not relevant in surgeons center 12 (13%) 

Other 8 (9%) 

Type MIDP performed N = 345

Solitary laparoscopic 314 (91%)

Solitary robot-assisted 54 (16%)

Hand-assisted minimally invasive 45 (13%)

Laparoscopic mobilisation, open dissection 27 (8%)

Laparoscopic mobilisation, robot-assisted dissection 11 (3%)

DPs performed personally by a MI approach 70% (33%-95%)#

DPs performed MI ten years from now 70% (50%-90%)#

Contra indications for MIDP N = 345

Involvement of other organs 285 (66%) 

Arterial tumor involvement 206 (47%) 

Venous varices or thrombosis 153 (35%) 

Large tumor size 145 (33%) 

Venous tumor involvement 144 (33%) 

Risk of intraoperative bleeding 86 (20%) 

Pancreatic cancer 83 (19%) 

ASA score > 3 79 (18%) 

History of radiotherapy in the pancreatic region 57 (13%) 

Prior laparotomy 54 (12%) 

History of chronic pancreatitis 47 (11%) 

Morbid obesity 40 (9%) 

Advanced age 18 (4%) 

Need for spleen preservation 17 (4%) 

None 49 (11%) 

Other 27 (6%) 

Outcomes are displayed as numbers (proportions) unless stated otherwise. #Median (interquartile range). 
Abbreviations: MIDP = minimally invasive distal pancreatectomy, DP = distal pancreatectomy, MI = minimally invasive, 
ASA = American score of anaesthesiologists, ODP = open distal pancreatectomy, MIPR = minimally invasive pancreatic 
resection.
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TABLE 5. Minimally invasive pancreatoduodenectomy.

N = 435

Performing MIPD 124 (29%)

If not performing MIPD, reason N = 311

Lack of specific training 193 (62%) 

Difficulty of the surgical technique 136 (44%) 

Lack of time in surgical schedule 114 (37%) 

Costs are too high 74 (24%) 

Institutional culture discourages it 71 (23%) 

Not relevant in surgeons center 55 (18%) 

No second surgeon trained in MIPR available 47 (15%) 

Procedure performed by other surgeon 34 (11%) 

Other 57 (18%) 

Type MIPD performed N = 124

Fully laparoscopic 63 (51%)

Laparoscopic resection, open reconstruction 51 (41%)

Fully robot-assisted 28 (23%)

Laparoscopic resection, robot-assisted reconstruction 10 (8%)

Pancreatoduodenectomies performed MI 18% (5%-50%)#

Pancreatoduodenectomies performed MI ten years from now 15% (5%-30%)#

Outcomes are displayed as numbers (proportions) unless stated otherwise. #Median (interquartile range). 
Abbreviations: MIPD = minimally invasive pancreatoduodenectomy, MI = minimally invasive,  MIPR = minimally invasive 
pancreatic resection.

DISCUSSION

The results of this first worldwide survey on MIPR show that most surgeons value MIPR 
as a useful development. MIDP is commonly performed and generally perceived as 
bringing equivalent or superior value. MIPD, however, is less often performed and only a 
minority of surgeons is currently convinced about its superior value. Specific (additional) 
training in both MIDP and MIPD is desired, even amongst surgeons who previously 
participated in MIPR training. Consensus is lacking on the additional value of robot-
assisted pancreatic resection as compared to laparoscopic pancreatic resection. 

The number of annually performed MIPRs per surgeon was low but already increased 
compared to a 2014 European survey on MIPR.14 This low volume may be seen as 
worrisome given the volume-outcome relationship. A study in the United States National 
Cancer database demonstrated that only when hospitals perform at least 10 MIPDs per 
year the surgical mortality equals that of the open approach. This means that when 50% 
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of PDs can be performed with a minimally invasive approach, a minimum annual hospital 
volume of at least 20 or more procedures is required. Recent evidence even suggested a 
higher volume cut-off of > 40 procedures annually and this survey shows that surgeons 
currently only perform 18% of PDs through a MI approach (Table 5) which perhaps also 
strengthens the need for higher volume cut-offs for MIPR.15 When interpreting these 
results, we should consider that it is difficult to compare these data as hospital volume 
with the reported individual surgeon’s volume in this survey. 

But this survey also shows that the median annual number of resections in centers of 
surgeons who perform MIPR was 50 and that this number was significantly higher than 
in the centers of surgeons who not perform MIPR. This shows that most centers that 
perform MIPR are high-volume pancreatic centers and are therefore capable of obtaining 
sufficient experience. Less than 10% of surgeons who perform MIPR are currently 
working in a center with an annual median pancreatic resection volume < 20. 

Worldwide information on surgeon volume in pancreatic surgery is scarce. In 2015 
McMillan and colleagues performed a survey on the practice of PD worldwide.16 The 
annual median number of PDs per surgeon (mostly HPB surgeons) reported in this study 
was 12 (IQR = 6–25). This is almost 50% lower compared with the annual median surgeon 
volume reported in the current survey (22 (IQR = 12–40)). Part of this difference could 
be explained by the fact that the number in the current survey also includes the annual 
number of distal pancreatectomies performed per surgeon. However, this probably does 
not explain the entire difference. The median annual number of PDs per surgeon reported 
in the current survey is only slightly above the recommended annual surgeon volume (≥ 
20 PDs per year).17
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TABLE 6. Minimally invasive pancreatoduodenectomy, contraindications and technical 
concerns.

Contraindications for performing MIPD N = 435

Arterial tumor involvement 359 (83%) 

Venous tumor involvement 285 (66%) 

Involvement of other organs 268 (62%) 

Large tumor size 158 (36%) 

Pancreatic cancer 92 (21%) 

ASA score > 3 91 (21%) 

Morbid obesity 77 (18%) 

History of radiotherapy in the pancreatic region 71 (16%) 

History of chronic pancreatitis 68 (16%) 

Prior laparotomy 58 (13%) 

Advanced age 36 (8%) 

Other 5 (1%)

None 28 (6%)

Technical concerns for MIPD N = 435

Pancreatic anastomosis 253 (58%) 

Operative time 237 (55%) 

Risk of intraoperative bleeding 157 (36%) 

Ability to achieve an R0 resection 155 (36%) 

Costs 143 (33%) 

Control over the surgical field 94 (22%) 

Ability to perform a full lymphadenectomy 82 (19%) 

Hepaticojejunostomy 74 (17%) 

Postoperative mortality 45 (10%) 

Risk of postoperative haemorrhage 40 (9%) 

Gastro/duodeno-jejunostomy 15 (3%) 

Delayed gastric emptying 1 (0%) 

No concern 32 (7%) 

Other 17 (4%) 

Outcomes are displayed as numbers (proportions) unless stated otherwise. Abbreviations: MIPD = minimally invasive 
pancreatoduodenectomy, ASA = American score of anaesthesiologists.
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TABLE 7. Essentials and training for performing minimally invasive pancreatic resections.

Essential for performing MIDP N = 435

Specific ODP training 310 (71%) 

Specific MIPR training 261 (60%) 

High volume pancreatic center 253 (58%) 

Training MI gastrointestinal surgery 226 (52%) 

Multidisciplinary assessment of the patient 123 (28%) 

Two surgeons trained in MIPR 95 (22%) 

 High volume MIPR center 76 (18%) 

Specific MIPR accreditation 15 (3%) 

Other 1 (0%) 

Essential for performing MIPD N = 435

Specific open pancreatoduodenectomy training 350 (81%) 

Specific MIPR training 322 (74%) 

High volume pancreatic center 304 (70%) 

Specific training MI gastrointestinal surgery 243 (56%) 

Two surgeons trained in MIPR 149 (34%) 

High volume MIPR center 127 (29%) 

Multidisciplinary assessment of the patient 118 (27%) 

Specific MIPR accreditation 23 (5%) 

Other 5 (1%) 

Training N = 435

Received training in open pancreatic resection 344 (79%)

Benefit from specific MIDP training 275 (63%)

Benefit from specific MIPD training 350 (81%)

Received training in MIPR 161 (37%)

 Benefit from specific MIDP training 101 (63%)

 Benefit from specific MIPD training 135 (84%)

Content of training: N = 435

Proctoring on-site 280 (64%) 

Central training, e.g. in surgical laboratory 260 (60%) 

Residency/fellowship 227 (52%) 

Video-training 212 (49%) 

Other 4 (1%) 

Training should be mandatory 387 (89%)

If yes, for which procedure: N = 387

Distal pancreatectomy and pancreatoduodenectomy 257 (66%)

Pancreatoduodenectomy alone 103 (27%)

Distal pancreatectomy alone 27 (7%)

Outcomes are displayed as numbers (proportions) unless stated otherwise.  Abbreviations: MIDP = minimally invasive 
distal pancreatectomy, ODP = open distal pancreatectomy, MIPR = minimally invasive pancreatic resection, MI = 
minimally invasive, MIPD = minimally invasive pancreatoduodenectomy.
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Lack of adequate training was reported as the most important reason for not performing 
MIPR and most respondents stated that additional training in respectively MIDP (63%) 
and MIPD (84%) was needed. The previous European survey also showed that 45% of 
respondents would value additional training in MIDP. Two recent studies from Pittsburgh 
and the Netherlands reported promising results of dedicated training programs for MIPR 
and the present study provides a clear signal that these programs are urgently needed.18,19 

The results of this survey should be interpreted in the light of several limitations. Firstly, 
although the invitation email specifically mentioned that the opinion of surgeons not 
performing MIPR was solicited, 80% of respondents perform MIPR. This could point 
to selection bias. It is possible that surgeons with a specialist interest in MIPR were 
more likely to respond to the present survey. Nevertheless, we attempted to adjust for 
this by stratifying results as to whether surgeons performed MIPR or not. Results of this 
stratification show that surgeons who perform MIDP and MIPD are more convinced 
about the additional overall value of these procedures compared to open pancreatic 
resections then surgeons who not perform MIPR. When we focused on patient selection 
for MIDP and MIPD, both groups considered the same contraindications important 
(e.g. large tumor size, involvement of other organs, vascular involvement). However, 
specific technical concerns for MIPD differed clearly between surgeons who do or do not 
perform MIPD. Overall, surgeons who perform MIPD were less concerned on technical 
matters compared with surgeons who not perform MIPD. A limitation of this study is the 
unknown total number of surgeons receiving this survey, and hence the response rate. 
The participating organizations have overlapping memberships and are not allowed to 
provide membership lists. Finally, surgeons who are not members of HPB associations 
were not reached by this survey, so the use of MIPR by surgeons without specific HPB 
specialization is unknown.

The lack of consensus on the value of MIPR clearly underlines the need for multicenter 
RCTs and international registries. Currently, several randomized trials comparing MIPR 
with open pancreatic resection are ongoing; monocenter trials regarding MIDP in 
Sweden (LAPOP)20 and MIPD in Spain (PADULAP)21 and multicenter trials regarding 
MIDP and MIPD in the Netherlands (LEOPARD-1 and LEOPARD-2)22,23, the results 
of which are keenly awaited. A recent, first randomized trial from a high-volume single 
center in India reported shorter length of hospital stay after MIPD compared to open 
PD.24 Next to this development, the development of large-scale training programs19 and an 
international registry and credentialing process are clearly supported by the international 
community of HPB surgeons. 
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TABLE 8. Credentialing.

N = 435

There should be a credentialing process for MIPR 323 (74%)

If yes, for which procedure? N = 323

Distal pancreatectomy and pancreatoduodenectomy 219 (68%)

Distal pancreatectomy 13 (4%)

Pancreatoduodenectomy 91 (28%)

If yes, what are essential contents? N = 323

Training in open pancreatic resection 246 (76%) 

Training in MIPR 231 (72%) 

Training in advanced MI surgery 203 (63%) 

Minimum number of cases done under proctoring 181 (56%) 

Video review of operations 157 (49%) 

Reporting outcomes 179 (56%) 

Participation in a registry 146 (45%) 

Other 0 (0%) 

Outcomes are displayed as numbers (proportions) unless stated otherwise. Abbreviations: MIPR = minimally invasive 
pancreatic resection, MI = minimally invasive.
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ABSTR ACT

Background. The first International conference on Minimally Invasive Pancreas 
Resection was arranged in conjunction with the annual meeting of the International 
Hepato-Pancreato-Biliary Association (IHPBA), in Sao Paulo, Brazil on April 19th 2016. 
The presented evidence and outcomes resulting from the session for minimally invasive 
distal pancreatectomy (MIDP) is summarized and addressed perioperative outcome, the 
outcome for cancer and patient selection for the procedure.

Methods. A literature search was performed according to the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines to compare MIDP and 
open distal pancreatectomy. Patient selection was discussed based on plenary talks, panel 
discussions and a worldwide survey on MIDP.

Results. Of 582 studies, 52 (40 observational and 12 case-matched) were included 
in the assessment for outcome for LDP (n = 5023) vs. ODP (n = 16,306) whereas 16 
observational comparative studies were identified for cancer outcome. No randomized 
trials were identified. MIDP resulted in similar outcome to ODP with a tendency for 
lower blood loss and shorter hospital stay in the MIDP group.

Discussion. Available evidence for comparison of MIDP to ODP is weak, although the 
number of studies is high. Observed outcomes of MIDP are promising. In the absence of 
randomized control trials, an international registry should be established.
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BACKGROUND

The pancreas is a centrally located retroperitoneal organ, surrounded by other visceral 
organs and it is in direct relation to other vascular structures. Although the first successful 
laparoscopic distal pancreatectomy (LDP) was reported nearly a quarter century ago,1 
the pancreas was for a long time, considered unsuitable for minimal access surgical 
approaches. More recently, large published series have reported the feasibility and safety 
of various laparoscopic resection techniques, which are now being practiced routinely in 
many medical centers around the world. Reflecting on this trend, the use of the minimally 
invasive approach, including robot-assisted procedures, is progressively increasing for the 
treatment of pancreatic lesions located in the body and tail of the pancreas. The majority 
of published reports indicate shorter hospital stays, faster recovery, and less blood loss, 
for patients undergoing LDP vs. open distal pancreatectomy (ODP), and yet the level of 
evidence remains questionable.

A dedicated session for distal pancreatectomy was held at the first International conference 
on Minimally Invasive Pancreatic Resection (MIPR) in conjunction with the annual 
meeting of the International Hepato-Pancreato-Biliary Association (IHPBA), in Sao 
Paulo, Brazil on April 19th 2016. The event was organized as a “state of the art” conference 
as opposed to a “consensus conference” as existing data are mostly retrospective. There is 
growing international interest in moving the field forward in an organized manner.

The session on minimally invasive distal pancreatectomy (MIDP) focused on three 
areas: (i) perioperative outcome, (ii) oncological outcomes for pancreatic ductal 
adenocarcinoma, as compared with open distal pancreatectomy (ODP), and (iii) patient 
selection for the MIDP approach. Data acquisition for the first two topics was performed 
by systematic review of available comparative literature. The last topic, patient selection, 
was presented as a personal view due to lack of supporting data. The session closed with 
an informative expert panel discussion, which included thought-provoking questions 
and responses by a mixed panel of experienced pancreatic surgeons with wide ranging 
experience in LDP, robotic-assisted DP and ODP. The discussion focused on appropriate 
case selection based on patient, disease, and operative factors. A brief summary of the 
panel’s view coupled with audience response is incorporated in the outcomes relevant to 
each subtopic.
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M ATERI ALS AND METHODS

LITERATURE SEARCH

Literature search pertaining to perioperative outcome of MIDP and oncological 
outcomes of MIDP for pancreatic ductal adenocarcinoma was performed according to 
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines.2

STUDY IDENTIFICATION AND SELECTION

A systematic search of the literature was performed using PubMed and Embase for 
trials and studies written in English on laparoscopic or robot-assisted vs. open distal 
pancreatectomy published before March 22, 2016. A “best evidence approach” was used 
by firstly trying to identify RCTs. In view of the few randomized control trials (RCTs), a 
down staging on pro- and retrospective cohort studies was performed. Studies were only 
included when at least 10 patients per study arm were included. Terms (restricted to title 
and abstract) used for the literature search regarded the surgical procedure and approach, 
such as ‘pancreatectom*’, ‘pancreatic resection’, ‘laparoscop*’, ‘robotic’, ‘robot-assisted’, 
‘minimally invasive’ and ‘hybrid’. All titles, abstracts and full-text articles were screened by 
two authors independently ( J.v.H. and T.d.R.). In the instance of overlapping references, 
the latest and most complete study was included.

DATA EXTRACTION

Data extraction focused on study characteristics (study design and period, sample 
size, and investigated approaches), and perioperative outcomes (neo-adjuvant therapy, 
conversion, operative time, estimated intraoperative blood loss, spleen preservation, 
histopathological diagnosis, tumor size, R0 resection, lymph node retrieval, morbidity, 
postoperative pancreatic fistula (POPF), delayed gastric emptying (DGE), post-
pancreatectomy hemorrhage (PPH), reoperation, length of stay (LOS), readmission, 
mortality, local tumor recurrence, and survival). Preference was given to pancreas specific 
complications reported according to the International Study Group on Pancreatic 
Surgery definitions.3-5 

STATISTICAL ANALYSIS

All analyses were performed using Review Manager 5.0 software (The Cochrane 
Collaboration, Oxford, United Kingdom).6 Data were presented as reported in the original 
studies. Categorical data were preferably presented as frequencies and percentages, 
continuous data as means with standard deviation (in case of parametric distribution) 
or as medians with interquartile ranges (in case of non-parametric distribution). For 



97

REVIEW on MINIMALLY INVASIVE DISTAL PANCREATECTOMY

V

analysis, studies reporting on oncological outcomes were reported separately. Subgroup 
comparisons were performed for the individual surgical approaches (MIDP vs. ODP, 
LDP vs. ODP, RDP vs. ODP, LDP vs. RDP). Given the retrospective nature of the 
existing studies, results are presented without designation of statistical significance.

 

FIGURE 1. Flow-chart literature search for perioperative outcomes, according to the 
PRISMA 2009 guidelines.
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RESULTS

PERIOPERATIVE OUTCOMES OF MIDP 

LDP vs. ODP
A PRISMA flow-chart for article selection is shown in Figure 1. No RCTs were identified 
for this area of study. From 582 identified studies, 52 were included in the assessment.

TABLE 1. Perioperative outcomes of laparoscopic vs. open distal pancreatectomy from 52 
observational studies. 

Laparoscopic distal 
pancreatectomy  

(n = 3660)

Open distal 
pancreatectomy  

(n = 14,821)

Conversion rate 14% -

Spleen preservation 35% 21%

Operative time 235 minutes 221 minutes

Blood loss 263 ml 552 ml

Morbidity 12% 17%

Mortality 1% 3%

Pancreatic fistula grade B/C 13% 18%

Delayed gastric emptying 1% 2%

Reoperation 2% 4%

Hospital stay 8 days 12 days

Readmission 1% 11%

A comparison of LDP (n = 5023) against ODP (n = 16,306) was aggregated from 16 
observational and 12 case-matched studies.7–18 Key outcome measures included blood 
loss, LOS, POPF as well as other complications (Table 1). Patients who underwent LDP 
had lower blood loss both in the observational and the case-matched studies (263 vs. 553 
ml and 256 vs. 562 ml, respectively) and shorter hospital stay (8 vs. 12 days and 8 vs. 11 
days, respectively) than those operated by ODP. All other parameters of morbidity and 
mortality were comparable (see Table 1).

LDP vs. ODP vs. RDP
Three observational studies compared RDP (n = 70) vs. LDP (n = 167) vs. ODP (n = 
672).19–21 Blood loss was the lowest in the RDP group (median 236 ml), whereas LDP 
and ODP in these series reported higher amounts of blood loss than in the studies 
comparing LDP and ODP (median 465 and 639 ml, respectively). Hospital stay was 
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shorter compared with ODP in the robotic arm (7 days vs. 9 and 12 for LDP and ODP, 
respectively). Spleen preservation was reported higher in the LDP and RDP groups. 
Other factors of postoperative morbidity and mortality were comparable (Table 2).

TABLE 2. Perioperative outcomes of robotic vs. laparoscopic vs. open distal pancreatectomy 
from 3 observational studies.

Robotic distal 
pancreatectomy 

(n = 70)

Laparoscopic distal 
pancreatectomy  

(n = 167)

Open distal 
pancreatectomy  

(n = 672)

Conversion rate 26% 29% -

Spleen preservation 23% 22% 14%

Operative time 251 minutes 247 minutes 262 minutes

Blood loss 236 ml 465 ml 639 ml

Morbidity 30% 24% 25%

Mortality 0% 0% 1%

Pancreatic fistula grade B/C 6% 6% 8%

Delayed gastric emptying n.a. n.a. n.a.

Reoperation n.a. n.a. n.a.

Hospital stay 7 days 9 days 12 days

Readmission n.a. n.a. n.a.

N.a. = not applicable.

LDP vs. RDP
The two minimally invasive techniques, RDP (n = 158) vs. LDP (n = 208), were compared 
in five identified observational studies.22–26 Splenic preservation was twofold higher in the 
RDP group. Conversion rates and blood loss were less in the RDP arm (1% vs. 12% and 
181 ml vs. 282 ml, respectively). Readmission rates were higher in the RDP group (29% 
vs. 20%), whereas all other parameters including POPF did not show major differences 
(Table 3).

OUTCOMES OF MIDP FOR DUCTAL ADENOCARCINOMA

Pancreatic ductal adenocarcinoma (PDAC) is an aggressive malignancy, with surgical 
resection serving as the only therapy associated with meaningful long-term survival.27 As 
compared with cancers of the pancreatic head, PDACs of the pancreatic body and tail are 
typically associated with poorer patient survival as they are usually diagnosed later in the 
course of disease due to usual absence of obstructive jaundice.13,28
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TABLE 3. Perioperative outcomes of robotic vs. laparoscpic distal pancreatectomy from 5 
observational studies.

Robotic distal 
pancreatectomy  

(n = 158)

Laparoscpoic distal 
pancreatectomy  

(n = 208)

Conversion rate 1% 12%

Spleen preservation 62% 35%

Operative time 256 minutes 240 minutes

Blood loss 181 ml 282 ml

Morbidity 12% 12%

Mortality 0% 0.5%

Pancreatic fistula grade B/C 21% 17%

Delayed gastric emptying n.a. n.a.

Reoperation 3% 4%

Hospital stay 9 days 10 days

Readmission 29% 20%

N.a. = not applicable.

Minimally invasive distal pancreatectomy (MIDP) has been more widely adopted for 
surgical management of patients with benign surgical pathology of the pancreatic body and 
tail.12 Application of MIDP for PDAC, including hand-assisted, laparoscopic, and robot-
assisted techniques have been less well clarified. These techniques were compared with 
the standard open approach for the following cancer outcome measures: (i) adequacy of 
lymph node dissection, (ii) adequacy of surgical margin, (iii) administration of adjuvant 
therapy (yes vs. no), (iv) timing of initiation of adjuvant therapy, (v) tumor recurrence, and 
(vi) survival. Of approximately 600 studies assessed for outcomes focused on comparing 
MIDP with ODP for PDAC, no randomized trials were identified. A PRISMA flow-chart 
for article selection is shown in Figure 2. Of 15 identified observational comparison 
studies, 10 compared MIDP with ODP,13,29–37 and one compared laparoscopic distal 
pancreatectomy (LDP) with robot-assisted distal pancreatectomy (RDP).38 There was 
one large, non-comparison study, one meta-analysis, and one Cochrane review on the 
subject of MIDP for PDAC.39–41 

Results MIDP for PDAC
Cancer outcomes of minimally vs. open distal pancreatectomy are shown in Table 4. In 
the eight studies that assessed tumor size, the open cohorts had larger tumors compared 
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with the MIDP cohorts. This appeared to correlate with positive margin status, as five of 
the seven studies comparing margin status, showed a higher positive margin rate for the 
ODP approach 13% (ODP) vs. 7% (MIDP).

Regarding pathologic lymph node assessment, one single-center report showed a higher 
node count (26 vs. 13 nodes) for the MIDP approach when compared with ODP.37 This 
is in contrast with nine studies showing no difference in nodal assessment between the 
minimally invasive and the open technique.

 

FIGURE 2. Flow-chart literature search for oncological outcomes, according to the PRISMA 
2009 guidelines.
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Six studies reported on the percentage of patients who received adjuvant therapy. In all 
cases, there were no significant differences based on surgical approach, with an average 
of 78% (MIDP) vs. 76% (ODP) of patients receiving adjuvant therapy. Only two studies 
assessed time from surgery to starting adjuvant therapy.36,37 In one single-center analysis 
there was a 26-day shorter time for the MIDP group to start chemotherapy (70, MIDP 
vs. 96 ODP), while in the French multicenter population study, there was no significant 
difference (53, MIDP vs. 56 days, ODP). It should be noted that in the single-center 
study, when compared with the French multicenter study, both groups had at least a 14-
day greater period before receiving adjuvant therapy. 

Overall survival was similar between MIDP and ODP cohorts for six reports comparing 
this outcome (26 months, MIDP vs. 25 months, ODP). This is similar to the largest 
non-comparative study reported of nearly 200 patients operated at two institutions.35 
One exception that demonstrated a survival advantage for PDAC patients who had an 
MIDP approach was the French Healthcare Database study.36 This report may suffer from 
pathology contamination with other diagnoses, as true pathology data were not available 
for review, and the survival for both cohorts (MIDP and ODP) are superior to any that 
are otherwise published (63 vs. 37 months).

There is one published meta-analysis and one Cochrane review dedicated to this topic.40,41 
Both show no substantial differences in PDAC survival outcomes and conclude that 
existing studies suffer from bias and that randomized studies are needed. 

TABLE 4. Oncological outcomes of minimally invasive vs. open distal pancreatectomy 
from 8 observational studies that assessed tumor size.

Minimally invasive distal 
pancreatectomy  

(n = 197)

Open distal 
pancreatectomy  

(n = 686)

Tumor size 34 mm 40 mm

Positive resection margin 7% 13%

Total resected lymph nodes 15 12

Adjuvant therapy 78% 76%

Overall survival 26 months 25 months
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PATIENT SELECTION IN MIDP

When any novel surgical technique is employed it should be documented to be feasible 
and safe in small series, in which high-risk patients should be avoided. However, in a risk-
minimizing setting, the novel technique may appear “superior” through the selection of 
low-risk patients. 

In general, laparoscopic surgery has been associated with lower wound infection rates, 
fewer postoperative incisional hernias, improved cosmetic outcome, reduced length 
of stay and faster recovery in selected patients.42–46 In addition, laparoscopic surgery 
for intra-abdominal malignancies has been shown to result in comparable or improved 
oncological outcome when compared with open surgery.43,47–49 These advantages are 
typically believed to be secondary to smaller incisions and possibly better intraoperative 
visualization and should theoretically also apply for MIDP. However, as noted above, 
given the lack of randomized trials some of these results may be influenced by patient 
selection, rather than true benefit. 

Most articles published to date on MIDP are single-center series, multi-institutional 
collaborative reports, and some are retrospective case-matched controlled studies. At 
present, no RCTs are published on this subject. While most of the available reports 
indicate that MIPR is safe and feasible “in selected patients” very few, if any papers 
actually specify the exact criteria for the patient selection. 

A recently published pan-European survey demonstrated this and shows that patient 
selection for MIDP is to a large extent based on personal preference and local expertise.50 
The world-wide survey, performed as a preparation for the consensus meeting showed 
that surgeons consider tumor involvement of other organs and vascular structures as 
most important contra-indications for performing MIDP. Only 12% of surgeons stated 
all cases are eligible for MIDP and that in their opinion there are no contraindications for 
performing MIDP.51 

To assess standard selection criteria for the laparoscopic approach one may argue 
that any factor potentially associated with increased complication rates following 
laparoscopic pancreatic surgery, should be avoided when choosing this approach in distal 
pancreatectomy. Such factors (Table 6) may be patient related, disease related or surgery 
related. Due to lack of RCTs, it is difficult to determine whether complications are related 
to the approach itself or to other confounding factors. The ideal situation would be 
one where there are easily identifiable preoperative markers that enable the surgeon to 
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choose the approach associated with the highest surgical success-rate, including the best 
oncological outcome, the lowest complication rate, the fastest recovery with the lowest 
impact on quality of life (QoL) and with optimal cost-benefit for society. 

More distal pancreatectomies worldwide are still performed by the open approach.38 In 
the European questionnaire conducted among HPB surgeons with broad experience 
in advanced gastrointestinal laparoscopic surgery, the majority of respondents had a 
personal experience of less than 10 cases of LDP.50 Although this number is surprisingly 
low, there is an increasing trend in the fraction and number of procedures performed 
laparoscopically. The recently performed worldwide survey showed that the personal 
experience of surgeons with MIDP has almost doubled.51 

TABLE 5. Factors to be evaluated for patient selection in minimally invasive distal 
pancreatectomy.
Surgeon related factors • Surgeon experience

• Team experience

Patient related factors • General health
• Previous abdominal surgery
• Body mass index or fat distribution
• Preoperative diagnosis

Procedure related factors • Visualization by minimally invasive surgery vs. open surgery
• Wound issues
• Adequate surgical equipment

Tumor related factors • Benign vs. malignant
• Localization
• Anatomic variants
• Local advancements, multivisceral resection

Society related factors • Cost of procedure
• Return to work, quality of life

While the reported fraction of resections performed laparoscopically in the United 
States in 2009 was less 7.3%, a recent Italian multicenter survey showed that the portion 
of distal pancreatectomies performed laparoscopically doubled in only 4 years between 
2007 and 2011 to almost 30%.52,53 Other published series have documented that up to 
73–95% of all distal pancreatectomies are performed by the laparoscopic approach in 
selected expert centers.39,54 Surgeons performing MIDP confirmed these numbers in the 
worldwide survey (70% of DPs performed MI). 

The Memorial Sloan Kettering Cancer Center (MSKCC) experience on DP between 
2000 and 2015 was presented at the conference by Dr. Peter Allen and included a total 
of 1212 distal pancreatectomies. The majority (n = 1019) of these were operated by the 
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open approach. Of the fraction operated by minimally invasive techniques, 153 (12.6%) 
were performed laparoscopically and 40 (3.3%) by the robotic-assisted technique. In a 
recent review of a prospective trial performed for intraoperative fluid management, it was 
shown that the minimally invasive approach took 40 min longer, and had an equivalent 
postoperative length of stay of 5 days. This same group reported on 343 distal resections 
performed between 2003 and 2009, with 107 (31%) performed laparoscopically.15 A 
matched analysis (age, tumor size and carcinoma) of the laparoscopic and open resections 
in this study showed that laparoscopy was associated with longer operative time but 
reduced hospital stay. The open group included a higher percentage of cancer diagnoses. 
From studies like this we learn that an informal process of patient selection is performed, 
which may introduce bias in reporting. 

Dr. Allen from the MSKCC group discussed patient outcomes of those who were subject 
to conversion of the MIDP procedure. The conversion rate in their population was initially 
30% but decreased to 10% with experience. Concerns were raised over the high rates of 
operative complications, pancreatic leaks and readmissions in the group of patients who 
required conversion. Reasons for conversion were not clear, and the ultimate goal should 
be to identify which patients are at higher risk for conversion. 

Malignant disease 
In the pan-European questionnaire, only 31% found malignant diagnosis to be a 
contraindication for laparoscopic surgery, although local advancement was considered 
a contraindication to MIS by more than 60% of the respondents.50 One-fifth of surgeons 
participating in the worldwide survey considered pancreatic cancer as a contraindication 
and multi-visceral involvement by 66%. Data from the United States nationwide study 
suggest that multi-visceral procedures, benign tumors measuring > 5 cm and PDAC are 
currently considered as selection factors for ODP.55 There is however, increasing evidence 
that malignant disease should not be a contraindication for laparoscopic resection. In a 
recently published Cochrane systematic review of LDP vs. ODP for cancer, there was a 
tendency towards lower recurrence rate, shorter hospital stay and fewer positive margins 
in the laparoscopic group, while there was no difference in the incidence of adverse 
events.41 However, the patients chosen for LDP had smaller tumor diameter and may have 
been less advanced than those performed by ODP. While one study indicates that time to 
adjuvant therapy may be improved for both MIDP, Croome et al. observed shorter time 
to adjuvant therapy following laparoscopic pancreatoduodenectomy.36,56 This remains to 
be proven by RCTs for any MIPR. 

In the panel discussion on pancreatic adenocarcinoma, it was generally agreed that blood 
loss was less in LDP compared with ODP in most series. However, it was also observed 
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that there was a trend towards offering LDP for smaller tumors compared with the open 
counterparts. It was also pertinent to note that despite somewhat smaller tumor size in 
LDP groups, the margin positivity rates in most series were comparable between LDP 
and ODP. 

Regarding tumor proximity to vasculature and tumor pathology, the panelists’ preference 
to offer LDP was more in favor of those lesions that were placed well away from major 
vasculature. Similar to BMI, the panel emphasized that surgeon experience and local 
surgical team experience was central while evaluating the feasibility of LDP in these 
complex situations. The panel agreed that while initial series of LDP have focused on 
benign and cystic neoplasms, recent evidence suggests that increasing number of LDP are 
also being performed for pancreatic adenocarcinoma with equally good results compared 
with ODP. 

Body mass index 
MIDP in obese patients was raised as a specific concern. In a previous MSKCC study 
on 356 patients resected for pancreatic cancer (2000-2005), central obesity was the 
only factor associated with complications.57 However, these were patients operated by 
pancreatoduodenectomy and results are therefore difficult to interpret. Furthermore, a 
United States nationwide study found that BMI 30-40 was a selection factor for MIDP.55 

In the worldwide survey, only 8% of the respondents considered morbid obesity a 
contraindication for MIDP. In a Dutch nationwide comparative study of LDP to ODP, 
increased BMI was not associated with higher complication rates in the laparoscopic 
group.8 An Italian single institution series used a complication risk score (CRS) based on 
BMI in addition to per-operative bleeding and specimen length, to predict postoperative 
complications without finding an association of increased complication rate with higher 
CRS.58 In a recently published study, obesity (BMI > 30) resulted in longer operative 
time and increased blood loss compared with patients with overweight (BMI 25-30) and 
persons with normal BMI (< 25), while LOS and complication rates were comparable.59 
However, in that study, BMI was used as the only obesity index, whereas visceral fat 
measurements were not performed. 

While the panel agreed that higher BMI posed potential problems to performing LDP, it 
was also acknowledged that as the surgeon negotiates the learning curve, high BMI alone 
need not preclude an attempt to perform a LDP. 
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Co-morbidities 
No studies can provide conclusive evidence on patient selection based on other 
patient factors such as relevant medical comorbidities, previous surgery and history of 
pancreatitis. In the worldwide survey, advanced age, prior laparotomy and American 
Society of Anesthesiologists (ASA) score > 3 were considered contraindications for 
surgery by 2%, 11% and 16%, respectively. 

In aging populations such as those in many developed and developing countries, one will 
expect to see a future increase in the incidence of malignant pancreatic neoplasms as this 
disease occurs more frequently in elderly patients. Although co-morbidities increase in 
an aging population, age itself should not be used as a contraindication for laparoscopic 
surgery. It has been shown for other diseases that older people usually tolerate laparoscopic 
surgery well if their general condition allows. One study reporting 10 patients aged > 70 
years, who underwent spleen-preserving LDP showed that outcomes were comparable 
to previously published results in younger patients.60 In a recently published study elderly 
patients had lower postoperative morbidity, pancreatic fistula and readmission rate, 
compared with non-elderly, despite a higher rate of co-morbidities and ASA score and 
elderly patients with PDAC were comparable to non-elderly in terms of median survival 
and 3-year survival.61 In the Dutch comparative trial, the presence of diabetes mellitus 
was not associated with increased complication rates, confirming previous studies.8 

In the panel discussion on associated co-morbidities, a general consensus was reached that 
while the decision to offer LDP needs to be evaluated on a case to case basis, major co-
morbidities, previous surgery and recent pancreatitis pose substantial problems. Hence, 
only a fraction of cases in their day-to-day practice would be offered the laparoscopic 
approach in these challenging situations. 

General considerations, including cost-analyses 
A recent meta-analysis of the published case-matched literature for laparoscopic distal 
pancreatectomy (LDP) identified four studies published between 2006 and 201062 and 
showed that an LDP takes on average 18 min longer and results in a 2-day shorter hospital 
stay, while there was no difference in pancreatic fistula/ leak rate, or overall morbidity. It 
can be argued that such moderate improvements are insufficient to justify major changes 
in established surgical practice. 

Traditional perioperative measurements, such as operative time, LOS and time to 
chemotherapy, are easily measurable, but do not alone provide adequate insight to the 
value of potential preoperative markers. Whereas time in the operating room is usually 
reduced with increased experience, the length of stay in hospital is a relatively inconsistent 
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parameter influenced by the specific health-care market, and national/regional norms. 
Administration of adjuvant chemotherapy may also be influenced by variations in 
local policies. These factors are therefore of relative importance and cannot be used as 
strong arguments for universal acceptance for laparoscopy as standard of care for distal 
resections of the pancreas. 

The panel acknowledged that assessment of cost analyses has been difficult to make due 
to heterogeneity in reporting of data and the retrospective nature of most studies. While 
initial studies reported significantly higher costs associated with LDP, recent studies have 
shown no differences in cost and a few studies have even reported reduced costs with 
LDP.7,14,63,64 It was observed by the panel that these studies reported the cost reduction due 
to reduced LOS but not due to reduction in costs of instrumentation and infrastructure. 
However, the panel also noted that these studies did not address hospital readmission 
rates especially based on the fact that almost all comparative studies have similar 
morbidity and mortality rates. Furthermore, the panel acknowledged that these studies 
do not adequately address cost differences between disposable and re-usable laparoscopic 
instruments. The practice of insurance coverage for LDP in different countries was also 
debated by the panel. While a handful of countries have a comprehensive insurance 
coverage for such procedures, it was noted that low and middle income countries do not 
have adequate insurance coverage and patients have to resort to out of pocket payments 
and hence costs need to be discussed with the patient and considered during the process 
of deciding LDP as against ODP. It was also agreed by the panel that patient preference 
is often industry driven and surgeons should be professional and careful in their decision 
making while offering LDP. 

CONCLUSIONS 

While high-level evidence supporting a benefit for MIDP over ODP is lacking, equipoise 
appears to have been achieved in the past decade. As surgeons negotiate the learning curve 
and teams continue to evolve, MIDP will be increasingly adopted with wider indications 
in the next decade. Long-term oncologic outcomes and cost considerations across the 
globe would merit in-depth studies and analysis and may ultimately decide the long-term 
future of distal pancreatectomy. 

Available evidence for comparison of MIDP to ODP is weak, although the quantitative 
amount of available studies is high. No RCTs are available to date. Varying definitions 
of outcome parameters, selection and assessment bias are likely to distort the results. 
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Nevertheless, the observed outcomes of minimally invasive techniques for distal 
pancreatectomy are promising. Low overall mortality and comparable morbidity rates 
indicate safety of all available techniques for distal pancreatectomy. 

Careful selection can minimize conversion and contribute to improved outcomes. 
Certain selection factors that should be taken into account when considering MIDP 
are surgeon experience, patient characteristics and suspected or histologically proven 
adenocarcinoma, especially for large tumors and close proximity to major vessels. 

Effectiveness in terms of operative and postoperative outcomes, as well as patient-
centered outcomes such as quality of life has to be assessed in a multicenter randomized 
trial. Technical modifications and even technical or procedural problems should be 
documented in an open-access registry. 

For malignant lesions, understanding the inherent bias in existing studies, minimally 
invasive and open distal pancreatectomy appears to provide similar short and long-term 
outcomes for patients with ductal adenocarcinoma of the left pancreas. While waiting for 
randomized data, an international registry should be established. 
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ABSTR ACT

Background. Laparoscopic distal pancreatectomy (LDP) is becoming the standard 
treatment for left-sided pancreatic disease. Learning curve identification is essential to 
ensure a safe and steady expansion. However, large (n > 30) single-surgeon learning curve 
series are lacking. 

Study design. Data of all patients undergoing LDP between June 2007 and March 2016 
by a single surgeon were collected prospectively. For learning curve analysis, the first 10, 
20, 30, 40, and 50 LDPs were compared with LDPs performed thereafter. 

Results. In total, 111 LDPs were performed, of which 2 (2%) were converted. Median 
operative time was 200 minutes (interquartile range (IQR) = 150–245 minutes) and 
median blood loss was 200 ml (IQR = 100–300 ml). Learning curve analysis did not show 
improvements in operative time or blood loss. However, the number of patients with 
pancreatic ductal adenocarcinoma increased after 30 cases and a significant reduction 
of Clavien-Dindo grade ≥ 3 complications was seen; from 30% (n = 9) for cases 1–30 
to 5% (n = 4) for cases 31–111 (P < 0.001). Similarly, the International Study Group 
on Pancreatic Fistula grade B/C fistulas (33% (n = 10) vs. 9% (n = 7), P = 0.001) and 
percutaneous drainage rate (23% (n = 7) vs. 4% (n = 3), P = 0.001) were lower. Hospital 
stay was 7 days (IQR = 5–13 days) for cases 1–30 vs. 5 days (IQR = 4–6 days) for cases 
31–111 (P < 0.001). 

Conclusions. Operative outcomes of LDP remained stable with increasing surgical 
complexity over time. Postoperative outcomes, such as complications and length of 
hospital stay, improved after the first 30 cases. When describing learning curves, short- 
and long-term outcomes should be considered.
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INTRODUCTION

Laparoscopic distal pancreatectomy (LDP) is gaining popularity and is becoming the 
standard approach for the management of left-sided pancreatic lesions, at least for the 
treatment of symptomatic benign and premalignant disease.1–3 This is supported by 
excellent results of recent systematic reviews on case-matched studies.4,5 However, a 
clear understanding of the required surgical proficiency and the impact of the surgical 
learning curve on operative and postoperative outcomes is essential for a safe and steady 
expansion of LDP. 

Learning curve identification and the influence of learning on outcomes was first described 
in 1936.6 Surgical learning curve is commonly assessed using standard measurements (e.g. 
operative time, blood loss, and conversion). Operative time, however, can be influenced 
by a number of factors, such as the availability of surgical equipment, complexity of 
the procedure, and presence and experience of surgical assistants. In addition, patient 
outcomes are not limited to operative results, all clinical outcomes up to 90 days after 
surgery are included. It is therefore clear that for an accurate understanding of the 
learning curve, different aspects of short- and long-term outcomes should be assessed, 
considering large cohorts to reduce the effects of confounding factors. 

The LDP learning curve has been assessed previously, but only 1 of these studies 
described the learning curve of a single surgeon, in only 32 patients.7–10 In most series, 
LDP outcomes (ie operative time and conversion) improved significantly after 10–20 
procedures, but in case of a steep learning curve, the curve often follows an exponential 
rise, and outcomes can hypothetically improve significantly after performing 20 LDPs.7–10 
Here we analyze a single-surgeon LDP learning curve during a 9-year period, with the aim 
to outline short- and long-term metrics, including operative and postoperative outcomes. 

METHODS

PATIENTS AND DESIGN

All patients who underwent an elective LDP performed by a single surgeon (M.A.H.) at 
the University Hospital Southampton National Health Service Foundation Trust from 
June 2007 to March 2016 were assessed in a prospective study. Routine workup consisted 
of blood tests and abdominal ultrasound, CT, or MRI. Every case was discussed during 
a multidisciplinary team meeting to assess the indication for surgery, type of surgery, 
and feasibility of optional approaches. As of November 2012, an enhanced recovery 
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after surgery program was implemented. All analyses were based on intention-to-treat 
principles, meaning that patients in whom the laparoscopic procedure was converted to 
open surgery were included in the analysis. Data from 35 patients have been published 
previously.11 

SURGICAL TECHNIQUE

Details of the surgical procedure used in all cases have been described previously.11 
Laparoscopic distal pancreatectomy was performed using 5 trocars (three 5-mm trocars 
and two 10/12-mm trocars). The lesser sac was opened by transecting the gastrocolic 
ligament. If needed, the pancreatic lesion was identified using intraoperative ultrasound. 
The inferior pancreatic margin was mobilized, which enables access to the posterior 
pancreatic surface. The superior pancreatic margin was mobilized and 2 umbilical tapes 
were placed around the pancreas, 1 at the portomesenteric vein (right side of the tumor) 
and 1 at the left side of the tumor. Major vessels (e.g. the splenic artery and vein) were 
slung using vessel loops. The pancreas was preferably transected using an Endostapler 
(Echelon 60; Ethicon Endo-Surgery). Splenectomy was always performed for malignant 
disease or in case of premalignant disease involving the spleen. Spleen-preserving 
distal pancreatectomy was attempted in all other cases, preferably using a splenic vessel 
preserving approach (Kimura), but if not feasible, after resection of splenic vessels 
(Warshaw).12,13 The entire specimen was mobilized from medial to lateral and extracted 
using a Pfannenstiel incision. 

DEFINITIONS

Subtotal pancreatectomy was defined as resection of the pancreas at the right side of the 
portomesenteric vein. Multivisceral resection was defined as any procedure in which 
additional organs or parts of organs besides the pancreas and spleen were resected (e.g. 
adrenal, small bowel, or stomach), as defined by the International Study Group on 
Pancreatic Surgery (ISGPS).14 Operative time (minutes) was defined as the time from 
first incision to final skin closure. Resection margins on histopathologic investigation, 
including transection and all circumferential margins, were classified into R0 (distance 
margin to tumor ≥ 1 mm), R1 (distance margin to tumor < 1 mm), and R2 (macroscopically 
irradical resection), as described by the Royal College of Pathologists.15 Morbidity was 
classified using the internationally accepted Clavien-Dindo classification of surgical 
complications.16 Postoperative pancreatic fistulas were scored using the International 
Study Group on Pancreatic Fistula (ISGPF) definition, but only ISGPF grade B and C 
pancreatic fistulas were collected.17 Patients leaving the hospital with a surgical drain in 
situ, in whom drain stay was not prolonged because of a pancreatic fistula and did not 
undergo re-intervention due to a pancreatic fistula were classified as ISGPF grade A. This 
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was according to the new pancreatic fistula definition by the International Study Group 
on Pancreatic Surgery, which will be published soon. Surgical site infection was defined 
using the Center for Disease Control and Prevention definition.18

DATA COLLECTION

Data were retrospectively assessed from a prospectively collected database. Baseline 
characteristics collected included age, sex, American Society of Anesthesiologists 
physical status, histopathologic diagnosis, and tumor size (mm). Outcomes collected 
were operative time, intraoperative blood loss, subtotal pancreatectomy, splenectomy, 
multivisceral resection, conversion, resection margin (exclusively in case of pancreatic 
ductal adenocarcinoma), postoperative pancreatic fistula, percutaneous drainage, 
reoperation, Clavien-Dindo score of surgical complications, length of hospital stay, 
readmission, and mortality. Outcomes were recorded up to 90 days postoperatively.

STATISTICAL ANALYSIS

Data were analyzed using IBM SPSS Statistics for Windows, version 22.0 (IBM Corp). 
Normally distributed continuous data were presented as means and SD. Non-normally 
distributed continuous data were presented as medians and interquartile ranges (IQR). 
Categorical (binary, ordinal, and nominal) data were presented as frequencies and 
percentages. The learning curve was assessed by comparing the first 10, 20, 30, 40, and 
50 patients with patients treated thereafter. Categorical variables were compared using 
the chi-square test. Normally distributed continuous data were compared using the 
independent samples t-test, non-normally distributed data using the Mann-Whitney U 
test. A two-sided P-value < 0.05 was considered statistically significant.
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TABLE 1. Baseline characteristics and outcomes of all patients.

Baseline characteristics N = 111

Age, median (IQR), y 62 (46-70)

Female sex, n 69 (62%)

ASA > 2, n 21 (19%)

Histopathological diagnosis, n -

Mucinous cystic neoplasm 26 (23%)

Pancreatic ductal adenocarcinoma 23 (21%)

Neuroendocrine tumor 20 (18%)

Serous cystic neoplasm 11 (10%)

Focal pancreatitis 11 (10%)

Intraductal papillary mucinous neoplasm 5 (5%)

Metastasis 5 (5%)

Pseudocyst 4 (4%)

Other 6 (5%)

Malignancy, n 44 (40%)

Tumor size, median (IQR), mm 28 (10-42)

Outcomes N = 111

Subtotal pancreatectomy, n 15 (14%)

Multivisceral resection, n 14 (13%)

Spleen-preserving 26 (23%)

Spleen-preserving: Warshaw 13 (12%)

Spleen-preserving: Kimura 13 (12%)

Splenectomy 85 (77%)

Intended spleen-preserving 19 (22%)

Pancreatic fistula grade B/C*, n 17 (15%)

Clavien-Dindo ≥ 3 complication, n 13 (12%)

III 10 (9%)

Percutaneous drainage 10 (9%)

Reoperation 4 (4%)

IV 3 (3%)

V 0 (0%)

Length of hospital stay, median (IQR), d 5 (4-7)

Readmission, n 15 (14%)

Abbreviations: IQR = interquartile range, n = number, ASA = American score of anesthesiologists, Warshaw = spleen-
preserving pancreatectomy with resection of splenic vessels, Kimura = spleen-preserving pancreatectomy with 
preservation of splenic vessels
*According to the International Study Group on Pancreatic Fistula definition.
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RESULTS

BASELINE CHARACTERISTICS

During the study period, 111 LDPs were performed. Patient’s median age was 62 
years (IQR = 46–70 years) and 69 patients (62%) were female. On histopathologic 
examination, 48 patients (43%) were diagnosed with cystic disease and 23 patients 
(21%) were diagnosed with pancreatic ductal adenocarcinoma (Table 1).

OPERATIVE OUTCOMES

Two procedures (2%) were converted to open surgery because of superior mesenteric 
vein bleeding (procedure number 14) and a 10-cm cystic lesion very adherent to the 
colon (procedure number 86). Median operative time was 200 minutes (IQR = 150–245 
minutes) and median blood loss was 200 ml (IQR = 100–300 ml). Splenectomy was 
performed in 85 patients (77%), although in 19 of these 85 patients (22%), a spleen-
preserving resection was intended (Table 1). A microscopically radical resection (R0 
resection) was performed in 70% of patients with pancreatic ductal adenocarcinoma (16 
of 23). 

POSTOPERATIVE OUTCOMES

An ISGPF grade B/C pancreatic fistula developed in 17 (15%) patients, but percutaneous 
drainage was performed in only 10 (9%) patients (Table 1). A reoperation was performed 
in 4 patients (4%) only. A Clavien-Dindo grade ≥ 3 complication necessitating endoscopic, 
radiologic, or surgical intervention developed in 12% of patients (n = 13). None of the 
patients underwent blood transfusion. Median length of hospital stay in this cohort was 
5 days (IQR = 4–7 days). No 90-day mortality (0%) was seen. Readmission was seen 
for 15 patients (14%), with abdominal collection being the primary reason in 10 and 
pneumonia in 3 patients. 

LEARNING CURVE

The first 10, 20, 30, 40, and 50 LDPs were compared with LDPs performed thereafter (Table 
2). The amount of pancreatic ductal adenocarcinomas and subtotal pancreatectomies 
increased significantly over time (3% (n = 1) in the first 30 vs. 27% (n = 22) in procedures 
thereafter, P = 0.01 and 0% (n = 0) vs. 19% (n = 15), P = 0.01, respectively). The operative 
time and intraoperative blood loss remained stable over time, as shown in Figure 1 
(feasibility curves). Comparing the first 30 LDPs with LDPs performed thereafter showed 
a significant decrease in the number of ISGPF grade B/C pancreatic fistulas (33% (n = 
10) vs. 9% (n = 7), P = 0.001), Clavien-Dindo grade ≥ 3 complications (30% (n = 9) vs. 
5% (n = 4), P < 0.001), and length of hospital stay (7 (IQR = 5–13) days vs. 5 (4–6) days, 
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P < 0.001), without increasing the number of readmissions (Fig. 2, proficiency curves). 
Case numbers 106 and 109 were readmitted because of pneumonia and gastroenteritis, 
respectively. An additional learning curve analysis in which the cohort was divided into 3 
equal groups of consecutive patients is shown in the eTable 1. 

DISCUSSION

This is the first single-surgeon LDP learning curve series describing outcomes in > 
100 LDPs. Throughout the series, operative time (200 minutes) and blood loss (200 
ml) remained stable, and surgical complexity increased due to more pancreatic ductal 
adenocarcinomas and subtotal pancreatectomies. In addition, the postoperative 
complication rate, the readmission rate, the re-intervention rate, and length of hospital 
continued to improve with time. 

The surgical learning curve is often being described by means of improvement in operative 
time.9,10,19–21 It is, however, hard to compare studies on LDP learning curves. This is 
because studies are performed in different settings with numerous surgeons who all have 
different surgical experiences. At the start of our study period, the operating surgeon 
had extensive experience in open pancreatic surgery (approximately 100 procedures), 
as well as in laparoscopic gastrointestinal surgery, such as laparoscopic hepatectomies 
(approximately 20 procedures).22,23 This skill level at the start probably explains the very 
low (2%) conversion rate and the flat feasibility curve as shown in Figure 1.1 In fact, the 
operative time in the first part of the study (median 200 

minutes) was already comparable with operative times seen in expert series,1 and operative 
times in previously published studies on LDP learning curve were initially higher (250 
minutes), which makes it more likely and relatively easier to obtain improvement.9,10 

Importantly, operative time is not only depending on the skills of the operating surgeon. 
The experience and level of involvement of the other surgical team members are important 
for the surgical learning curve as well. The extensive experience in major laparoscopic 
gastrointestinal procedures of the whole surgical team before starting to perform LDP 
has likely influenced the stable course of the operative time in this series.
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This study demonstrates that operative time is not always a good parameter for a full 
assessment of the learning curve, and whether operative time reflects a true clinical 
significance remains unclear. Operative time is thought to be a surrogate marker for the 
surgical skill level, but might not be directly related to patient outcomes, especially when 
operative time improvement is relatively small. We have started with an operative time 
similar to that described by others at the end of their learning curves and only after > 
50 procedures we started seeing additional operative time reduction. In essence, if we 
consider operative time as an indicator of the LDP learning curve, what has been a steep 
learning curve for others has been relatively flat in our experience. In our view, operative 
time and other intraoperative outcomes continue to reflect on the “feasibility curve”, in 
terms of the ability of the surgeon to safely complete the procedure laparoscopically. 

FIGURE 1. Feasibility curves.
Solid line, mean operative time per 10 laparoscopic distal pancreatectomy patients; dashed 
line, mean intraoperative blood loss per 10 laparoscopic distal pancreatectomy patients 
(feasibility curves). 

Learning curve identification is obviously important to guide surgical training and to 
evaluate the value of innovative surgical procedures, but data besides operative time, such 
as postoperative morbidity, mortality, and hospital stay, are needed to assess the different 
parts of surgical proficiency gain. Operative time, intraoperative blood loss, and the 
conversion rate can represent the traditional “feasibility learning curve”, but postoperative 
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outcomes, such as complication rates, length of hospital stay, and readmission rates, 
can represent the “proficiency curve”. Only, the amalgamation of the 2 curves with all 
clinical outcomes included can give a true reflection of mastering a procedure and offer 
acceptable patient outcomes that are comparable with those of open surgery. 

FIGURE 2. Proficiency curve: hospitalization.
Solid line, mean length of hospital stay per 10 laparoscopic distal pancreatectomy patients; 
dashed line, readmission probability per 10 laparoscopic distal pancreatectomy patients 
(proficiency curves); black arrow, introduction of the enhanced recovery after surgery 
program (case number 59). 

In this series, one of the most important aspects of improvement is the significant reduction 
of postoperative Clavien-Dindo grade ≥ 3 complications (complications necessitating 
endoscopic, radiologic, or surgical intervention). In fact, this has been reduced from 
24% in the first third of the experience to 3% in the last third. This was associated with a 
significant reduction of the use of percutaneous drainage for intra-abdominal collection, 
which can be explained by different factors, including improvement of surgical skill and 
better tissue handling, but, most importantly, improved postoperative care with judicious 
management of surgical drains. We initially used 2 surgical drains near the pancreatic 
stump. After 30 cases, this was changed to 1 surgical drain to reduce the risk of infection. 
In addition, we used an endoscopic stapler to divide the pancreas throughout the whole 
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experience. However, after the first part of the study, we started closing the stapler slowly 
and progressively to avoid fracturing the pancreatic parenchyma. We do believe that those 
improvements might have contributed to the reduction of our fistula rate. 

Postoperative hospital stay has been reducing throughout the whole experience; an 
important explanation of this is the introduction of an enhanced recovery program 
(ERP) in the second part of the study (as of procedure number 59). The implementation 
of the ERP has been a change in perioperative protocol rather than being a part of the 
learning curve. However, although the reduction in hospital stay was noted even before 
the ERP was introduced, there is no doubt that this has contributed to the improvement 
of results in addition to all other factors. It is also reasonable to think that our growing 
experience and confidence has encouraged us to adopt an ERP with an early patient 
discharge policy. The main problem we encountered in the implementation of our ERP 
was the drain management policy, as we reported previously.24 We initially adopted a 
radical change, removing the drain on postoperative day 2 if drain amylase were negative. 
However, after having enrolled 12 patients, 2 patients were readmitted with sepsis 3 days 
after drain removal. The CT scan showed a collection in the left upper quadrant of the 
abdomen requiring percutaneous drainage in both patients. We therefore decided to keep 
the drain in situ until at least postoperative day 5. Patients are now discharged with the 
drain in situ and are managed at the outpatient clinic. 

The improvement we observed in other postoperative parameters had a flatter curve 
figure rather than in a steep exponential manner, confirming that a different time scale 
is needed for a proficiency learning curve than is needed for a feasibility learning curve. 
Our findings suggest that learning curve assessment in newly introduced surgical 
procedures can be complex and, for a safe expansion of such techniques, more attention 
should be paid to postoperative outcomes before giving final conclusions. Laparoscopic 
distal pancreatectomy is a complex procedure and the more complex a procedure is, 
the more time should be allowed before expecting that the learning curve should reach 
its plateau. Increasing surgical proficiency is also characterized by performing more 
complex procedures without prolonging operative time, as was the case in our series. 
While gaining experience in LDP, more aggressive and complex tumors (pancreatic 
ductal adenocarcinomas and T3/T4 pancreatic tumors requiring multivisceral resection 
according to the ISGPS definition)14 were operated without altering operative outcomes 
substantially, which can be related to an increase of surgical confidence and proficiency.20 
Similar findings have been described previously by Kneuertz and colleagues, who were 
able to operate on larger lesions without compromising patient outcomes.25
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A limitation of this study is its observational character, along with a risk of information 
bias. Nonetheless, outcomes were prospectively collected, so we expect the impact 
to be relatively low. In addition, optimally, the effect of gaining surgical proficiency is 
assessed in a multivariable analysis focusing on postoperative complications, which was 
unfortunately not possible in our series, because we did not see enough cases with a 
postoperative Clavien-Dindo grade ≥ 3 complication. 

However, we do believe that the analysis of this large series and the assessment of 
different aspects of the learning curve will offer valuable guidance and insight in the era 
of expansion of the laparoscopic approach for the treatment of left pancreatic lesions. 

CONCLUSIONS

Operative time alone cannot always give a precise reflection of the surgical learning curve. 
It might reflect on the feasibility aspect of the learning curve, but not on the proficiency 
aspect. In this series, operative time and blood loss remained stable as surgical complexity 
increased. Postoperative outcomes improved after performing 30 LDPs and continued 
to improve throughout our 9 years of experience. For a safe expansion of LDP, short- 
and long-term outcomes should be considered and more time should be given to be able 
to witness and describe the true impact of the learning curve. Learning is a continuous 
process with no end, it is the end itself. 
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ETABLE 1. Baseline and outcomes of 3 groups of consecutive patients who underwent 
laparoscopic distal pancreatectomy.

Variable

Group (case)

P value
1

(1-37)
2

(38-74)
3

(75-111)

Age, median (IQR), y 60 (40-70) 60 (44-70) 68 (55-71) 0.119

Female sex, n 20 (54%) 25 (68%) 24 (65%) 0.447

Tumor size, median (IQR), mm 25 (14-50) 30 (7-44) 23 (10-40) 0.837

PDAC 4 (11%) 8 (22%) 11 (30%) 0.131

Subtotal pancreatectomy 2 (5%) 5 (14%) 8 (22%) 0.125

Multivisceral resection 2 (5%) 7 (19%) 5 (14%) 0.211

Conversion, n 1 (3%) 0 (0%) 1 (3%) 0.601

Operative time, median (IQR), min. 180 (168-240) 210 (158-270) 210 (130-240) 0.244

Blood loss, median (IQR), ml 200 (100-300) 200 (100-300) 210 (100-375) 0.317

Pancreatic fistula grade B/C, n 10 (27%) 6 (6%) 1 (3%) 0.014

Clavien-Dindo ≥ 3 complication, n 9 (24%) 3 (8%) 1 (3%) 0.016

Percutaneous drainage, n 7 (19%) 3 (8%) 0 (0%) 0.017

Length of hospital stay, median (IQR), d 7 (5-13) 5 (3-7) 4 (4-5) < 0.001

Readmission, n 7 (19%) 5 (14%) 3 (8%) 0.397

Abbreviations: IQR = interquartile range, n = number, PDAC = pancreatic ductal adenocarcinoma, SD = standard 
deviation, R0 resection = microscopically radical resection
*According to the new International Study Group on Pancreatic Surgery definition
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ABSTR ACT

Background. Cohort studies from expert centers suggest that laparoscopic distal 
pancreatectomy (LDP) is superior to open distal pancreatectomy (ODP) regarding 
postoperative morbidity and length of hospital stay. But the generalizability of these 
findings is unknown because nationwide data on LDP are lacking.

Study design. Adults who had undergone distal pancreatectomy in 17 centers between 
2005 and 2013 were analyzed retrospectively. First, all LDPs were compared with all 
ODPs. Second, groups were matched in a 1:1 ratio. Third, the attitudes of pancreatic 
surgeons toward LDP were surveyed. The primary outcome was major complications 
(Clavien-Dindo grade ≥ 3). 

Results. Among 633 included patients, 64 patients (10%) had undergone LDP and 
569 patients (90%) had undergone ODP. Baseline characteristics were comparable, 
except for previous abdominal surgery and mean tumor size. In the full cohort, LDP was 
associated with fewer major complications (16% vs. 29%, P = 0.02) and a shorter median 
(interquartile range, IQR) hospital stay (8 days (7–12 days) vs. 10 days (8–14 days), 
P = 0.03). Of all LDPs, 33% were converted to ODP. Matching succeeded for 63 LDP 
patients. After matching, the differences in major complications (9 patients (14%) vs. 
19 patients (30%), P = 0.06) and median (IQR) length of hospital stay (8 days (7–12 
days) vs. 10 days (8–14 days), P = 0.48) were not statistically significant. The survey 
demonstrated that 85% of surgeons welcomed LDP training. 

Conclusions. Despite nationwide underuse and an impact of selection bias, outcomes of 
LDP seemed to be at least non-inferior to ODP. Specific training is welcomed and could 
improve both the use and outcomes of LDP.
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INTRODUCTION

Since the first reported laparoscopic distal pancreatectomy (LDP) in 1996, its 
introduction into clinical practice has been relatively slow, especially when compared 
with other laparoscopic gastrointestinal procedures.1–4 This slow introduction may be 
related to the low volume and high-risk nature of pancreatic surgery, which hampers 
completion of the learning curve of approximately 10–17 LDPs.5,6 Considering an average 
of 3–6 distal pancreatectomies are performed per center per year in recent United States 
and United Kingdom studies, completing the learning curve might take approximately 
2–3 years.7–8 However, the ongoing centralization of pancreatic surgery may enhance 
completion of this learning curve within a reasonable time.9,10 An additional factor in the 
slow introduction of LDP may be the lack of specific LDP training. 

In several recent systematic reviews, LDP was associated with less intraoperative 
blood loss (263–355 ml), more splenic preservation (odds ratio (OR) 2.98), lower 
postoperative morbidity (OR = 0.7), and a shorter hospital stay (3–6 days).11–16 Notably, 
80% (24 of 30) of the studies included in these reviews originated from very high-volume 
expert pancreatic centers, and none of these studies was performed on a nationwide level. 
Therefore, it is unclear whether these promising results are generalizable to “real-world” 
clinical practice. Because most series were retrospective, selection bias might have played 
a relevant role in the perceived superiority of LDP. Patient matching could be used to 
reduce some of this bias in retrospective studies.17,18 Furthermore, it is unclear whether 
pancreatic surgeons consider nationwide introduction of LDP feasible and are willing to 
undergo specific training in LDP, if needed. We aimed to determine the use and outcomes 
of LDP vs. ODP and surgeons’ attitudes toward LDP, all on a nationwide level.

METHODS

PATIENTS

A nationwide retrospective study was performed on all consecutive adult patients 
who had undergone an elective distal pancreatectomy in 1 of 17 centers of the Dutch 
Pancreatic Cancer Group (DPCG) between January 1, 2005 and September 1, 2013.19 
All 17 centers performed at least 20 pancreatoduodenectomies annually. Patients were 
excluded if distal pancreatectomy was not the primary procedure or if essential data on the 
surgical procedure, such as the operative report or the postoperative course, were lacking. 
Patient categorization was done according to the applied method of surgery: laparoscopic 
or open. Analyses were performed according to intention-to-treat principles, meaning 
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that the results of a converted LDP were analyzed in the LDP group. The Medical Ethics 
Review Committee of the Academic Medical Center (Amsterdam, The Netherlands) 
approved the study protocol. 

SURGICAL TECHNIQUE

Laparoscopic distal pancreatectomy was performed using 3–4 trocars placed around an 
umbilical camera. The resected specimen was extracted by enlarging one of the trocar 
incisions or via a Pfannenstiel incision. During LDP, the patient was in a supine or right 
lateral decubitus position. Hand access ports were not used. Open distal pancreatectomy 
was performed using a bilateral subcostal incision or a midline laparotomy using standard 
techniques. In some cases, during either laparoscopic or open surgery, the pancreatic 
remnant was treated subsequently with additional sutures or with an absorbable fibrin 
sealant patch. In patients with benign disease, spleen-preserving distal pancreatectomy 
with preservation of the splenic vessels (Kimura’s technique20) was attempted and if 
preservation of the splenic vessels was considered not feasible, a spleen-preserving distal 
pancreatectomy with ligation of splenic vessels (Warshaw’s technique21) or subsequent 
splenectomy was performed. In case of suspected or proven malignant disease, 
splenectomy and additional lymphadenectomy were performed. One or 2 drains were 
placed near the pancreatic remnant and left subphrenic space.

DEFINITIONS

Postoperative complications during hospital stay and 30 days thereafter were collected, 
dichotomously scored, and classified using the Clavien-Dindo classification of surgical 
complications.22 Major complications were defined as Clavien-Dindo grade ≥ 3. 
Postoperative pancreatic fistula, delayed gastric emptying and postpancreatectomy 
hemorrhage were all scored using the recommended International Study Group of 
Pancreatic Surgery (ISGPS) definitions.23–25 Grade B/C complications were considered 
major, and only these grades were noted. Surgical site infection was defined using the 
Centers for Disease Control and Prevention (CDC) definition.26 Resection margins, 
including transection and circumferential margins, were classified into R0 (distance 
margin to tumor ≥ 1 mm), R1 (distance margin to tumor < 1 mm) and R2 (macroscopically 
positive margin).27 Readmissions within 30 days after discharge were recorded. Mortality 
was recorded during a patient’s hospital stay or within 30 days after discharge.

DATA COLLECTION

Data were collected from patient records. Baseline characteristics collected included 
sex, age, American Society of Anesthesiologists (ASA) physical status, body mass index, 
previous abdominal surgery, diabetes mellitus, tumor size on preoperative imaging, 
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and tumor involvement in other organs besides the pancreas. Primary outcome was the 
occurrence of at least 1 major complication after the surgical procedure. Main secondary 
outcomes were operative time, intraoperative blood loss, splenectomy, conversion, 
histopathologic diagnosis, resection margin and lymph node retrieval (both exclusively 
in case of malignancy), postoperative pancreatic fistula, delayed gastric emptying, 
postpancreatectomy hemorrhage, surgical site infection, ICU admission, length of 
hospital stay, and mortality. 

SURVEY

An online survey, consisting of 12 questions regarding experiences, opinions and 
expectations concerning LDP (see Appendix, online only), was sent to 30 pancreatic 
surgeons (representing > 95% of Dutch pancreatic surgeons). Non-responders received 
a maximum of 2 reminders. 

STATISTICAL ANALYSIS

This study was performed using Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) guidelines.28 Data were analyzed using IBM SPSS Statistics 
for Windows version 20.0 (SPSS Inc). For comparison of continuous variables, either the 
2 independent samples t-test or the Mann-Whitney U test was used, and for categorical 
variables, either the chi-square or Fisher’s exact test was used as appropriate. The size 
of the study control group (ODPs) was expected to be less than 100 times the size of 
the study intervention group (LDPs) and therefore, matching with random sampling 
and replacement was applied in order to obtain independent sample values. Patients 
who had undergone LDP were matched to patients who had undergone ODP, on a 1:1 
ratio, based on sex (identical), age (± 10 years), indication for surgery (pancreatic mass 
vs. others), tumor size when tumor was the indication for surgery (± 17 mm), and ASA 
physical status (identical). Matching on a higher ratio was not expected to be feasible. 
For every case, the most homologous control was chosen. Patients were excluded when 
matching failed for at least 1 criterion. For comparison of matched data, paired tests 
were applied.29 Matched continuous variables were compared using the paired samples 
t-test or Wilcoxon signed rank test and matched categorical variables were compared 
using the McNemar’s test as appropriate. Univariable and multivariable conditional 
logistic regression analyses were performed to identify predictors of experiencing at 
least 1 major complication. Parameters with a P-value < 0.1 in a univariable analysis were 
included in the multivariable analysis. Results were summarized using ORs and 95% 
confidence intervals (CI). A sensitivity analysis was performed to determine whether 
matching with or without replacement influenced the study outcomes, by excluding all 
replaced controls and their matched patients from the laparoscopic group. Subsequently, 
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outcomes of univariable analyses before exclusion of replaced controls were compared 
with outcomes of univariable analyses after exclusion. A two-sided P-value < 0.05 was 
considered statistically significant. 

RESULTS

FULL COHORT

Of 761 patients who had undergone elective distal pancreatectomy, 128 patients were 
excluded, because distal pancreatectomy was not the primary surgical procedure (n = 
124) or because of missing essential data (n = 4). So, 633 patients were included, of 
whom 64 patients (10%) had undergone LDP and 569 patients (90%) ODP (Table 1). 
The annual volume of elective distal pancreatectomies increased by 130% throughout 
the 8-year study period in the 17 centers, but the proportion of laparoscopic procedures 
(10%) remained unchanged. LDP was performed in 10 and ODP in 17 centers. For both 
groups, male sex and mean age were comparable. In the laparoscopic group, fewer patients 
had a history of abdominal surgery (30% vs. 43%, P = 0.04) and mean (SD) tumor size 
was smaller (20 mm (14 mm) vs. 49 mm (9 mm), P < 0.001) (Table 1).

Intraoperative outcomes
Median (IQR) intraoperative blood loss was less during laparoscopy (275 ml (38–638 
ml) vs. 700 ml (350–1,400 ml), P < 0.001); mean (SD) operative times were similar 
(213 minutes (111 minutes) vs. 208 minutes (98 minutes) respectively, P = 0.76). 
Conversion to open surgery occurred in 21 LDPs (33%), and this proportion did not 
change throughout the study period. Reasons for conversion were bleeding (n = 8), 
insufficient overview (n = 7), and problems with identifying the tumor (n = 6). A lower 
rate of splenectomy in patients with a nonmalignant lesion was found in the LDP group 
(P < 0.001, Table 2). 

Postoperative outcomes
Laparoscopic distal pancreatectomy was associated with fewer major complications (10 
patients (16%) vs. 166 patients (29%), P = 0.02), less delayed gastric emptying grades 
B/C (3 patients (5%) vs. 89 patients (16%), P = 0.02), and a shorter median (IQR) 
hospital stay (8 days (7–12 days) vs. 10 days (8–14 days), P = 0.03) compared with ODP 
(Table 2). Mortality during hospitalization or within 30 days after discharge was similar 
between groups (3% vs. 2%, P = 0.52). 
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TABLE 1. Baseline full cohort.

Characteristic
LDP

(n=64)
ODP

(n=569) P Value

Male, No. (%) 34 (53) 235 (41) 0.07

Age, mean (SD), y 56 (14) 57 (14) 0.59

BMI, mean (SD), kg/m2 26 (4) 26 (5) 0.65

Previous abdominal surgery, No. (%) 19 (30) 245 (43) 0.04

Diabetes mellitus, No. (%) 8 (13) 96 (17) 0.37

ASA physical status, No. (%) - - 0.37

1 18 (28) 123 (22) -

2 39 (61) 361 (63) -

3 6 (9) 82 (14) -

4 1 (2) 3 (1) -

Indication for surgery, No. (%) - - 0.46

Neoplasm 41 (64) 312 (55) -

Cyst 16 (25) 178 (31) -

Pancreatitis 4 (6) 57 (10) -

Other 3 (5) 22 (4) -

Tumor size on CT / MRI, mean (SD), mm 20 (14) 49 (9) < 0.001

Other organs involved on CT / MRI, No. (%) 2 (3) 59 (10) 0.06

Spleen 1 (2) 20 (4) -

Stomach 1 (2) 16 (3) -

Intestine - 6 (1) -

Kidney - 6 (1) -

Multiple organs - 10 (2) -

Abbreviations: LDP, laparoscopic distal pancreatectomy; ODP, open distal pancreatectomy; SD, standard deviation; 
BMI, body mass index; ASA, American society of anesthesiologists; CT, computed tomography; MRI, magnetic 
resonance imaging.

RESULTS AFTER CASE MATCHING

Adequate matching was obtained for all but 1 LDP patient who was subsequently 
excluded. Seven ODP patients were matched to more than 1 LDP patient. Matched 
groups were comparable for baseline characteristics (Table 3).
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TABLE 2. Outcomes full cohort.

Outcome
LDP

(n=64)
ODP

(n=569) P Value

Primary

Major complication, No. (%) 10 (16) 166 (29) 0.02

Abdominal abscess 5 (8) 57 (10) -

Feeding tube placement 1 (2) 72 (13) -

Respiratory insufficiency 2 (3) 28 (5) -

Bleeding 1 (2) 23 (4) -

Perforated stomach 0 (0) 5 (1) -

Other 1 (2) 26 (5) -

Secondary

Operative time, mean (SD), min. 213 (111) 208 (98) 0.76

Intraoperative blood loss, median (IQR), mL 275 (38-638) 700 (350-1400) < 0.001

Splenectomy, No. (%) 13 (20) 389 (68) < 0.001

Nonmalignancy 6 (9) 230 (40) < 0.001

Conversion, No. (%) 21 (33) - -

Histopathological diagnosis, No. (%) - - 0.01

Neuroendocrine tumor 24 (38) 110 (19) -

Pancreatic ductal adenocarcinoma 7 (11) 134 (24) -

Chronic pancreatitis 11 (17) 97 (17) -

Mucinous cystic neoplasm 6 (9) 75 (13) -

Serous cystic neoplasm 1 (2) 44 (8) -

Intraductal papillary mucinous neoplasm 5 (8) 36 (6) -

Metastatic disease 1 (2) 16 (3) -

Other 9 (14) 57 (10) -

Malignancy, No. (%) 13 (20) 183 (32) 0.05

R0 resectiona, No. (% malignancies) 8 (62) 93 (51) 0.45

Lymph nodes retrieveda, mean (SD) 7 (7) 9 (7) 0.32

Pancreatic fistulab, No. (%) 7 (11) 101 (18) 0.17

Delayed gastric emptyingb, No. (%) 3 (5) 89 (16) 0.02

Postpancreatectomy hemorrhageb, No. (%) 1 (2) 30 (5) 0.19

Surgical site infection, No. (%) 5 (8) 61 (11) 0.47

ICU admission, No. (%) 10 (16) 68 (12) 0.40

Length of hospital stay, median (IQR), d 8 (7-12) 10 (8-14) 0.03

Re-admission, No. (%) 7 (11) 78 (14) 0.54

a For malignancies only, b ISGPS grade B / C . Abbreviations: LDP, laparoscopic distal pancreatectomy; ODP, open 
distal pancreatectomy; SD, standard deviation; IQR, interquartile range; ICU, intensive care unit; IQR interquartile 
range; ISGPS, international study group on pancreatic surgery.
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TABLE 3. Baseline matched cohort.

Characteristic
LDP

(n=63)
ODP

(n=63)

Male, No. (%) 33 (52) 33 (52)

Age, mean (SD), y 56 (13) 56 (12)

BMI, mean (SD), kg/m2 26 (4) 25 (4)

Previous abdominal surgery, No. (%) 19 (30) 25 (40)

Diabetes mellitus, No. (%) 7 (11) 11 (17)

ASA physical status, No. (%) - -

1 18 (29) 18 (29)

2 39 (62) 39 (62)

3 6 (10) 6 (10)

Indication for surgery, No. (%) - -

Neoplasm 41 (65) 41 (65)

Cyst 15 (24) 17 (27)

Pancreatitis 4 (6) 1 (2)

Other 3 (5) 4 (6)

Tumor size on CT / MRI, mean (SD), mm 24 (12) 26 (12)

Other organs involved on CT / MRI, No. (%) 2 (3) 2 (3)

Spleen 1 (2) 1 (2)

Stomach 1 (2) 0 (0)

Intestine 0 (0) 1 (2)

Abbreviations: LDP, laparoscopic distal pancreatectomy; ODP, open distal pancreatectomy; SD, standard deviation; 
BMI, body mass index; ASA, American society of anesthesiologists; CT, computed tomography; MRI, magnetic 
resonance imaging

Intraoperative outcomes
Mean operative time and median intraoperative blood loss were similar for both groups. 
Laparoscopic distal pancreatectomy was associated with a lower rate of splenectomy 
among patients with nonmalignant disease (6 (10%) vs. 16 (25%), P = 0.01), as shown 
in Table 4.

Postoperative outcomes
A major complication occurred in 9 patients (14%) after LDP vs. 19 patients (30%) after 
ODP (p = 0.06; Table 4). Outcomes after converted LDP (n = 21) were comparable to 
outcomes after primary ODP (n = 21); major complications (1 patient (5%) converted 
LDP vs. 6 patients (29%) primary ODP, P = 0.13) and median (IQR) length of hospital 
stay (8 days (7–11 days) vs. 10 days (9–15 days) respectively, P = 0.13). 
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TABLE 4. Outcomes matched cohort.

Outcome
LDP

(n=63)
ODP

(n=63) P Value

Primary

Major complication, No. (%) 9 (14) 19 (30) 0.06

Abdominal abscess 4 (6) 8 (13) -

Feeding tube placement 1 (2) 5 (8) -

Respiratory insufficiency 2 (3) 2 (3) -

Bleeding 1 (2) 2 (3) -

Other 1 (2) 4 (6) -

Secondary

Operative time, mean (SD), min. 217 (109) 192 (72) 0.39

Intraoperative blood loss, median (IQR), mL 275 (38-638) 650 (250-975) 0.06

Splenectomy, No. (%) 13 (21) 34 (54) < 0.001

Non-malignancy 6 (10) 16 (25) 0.01

Conversion, No. (%) 21 (33) - -

Histopathological diagnosis, No. (%) - - 0.45

Malignancy, No. (%) 12 (19) 24 (38) 0.02

R0 resectiona, No. (% malignancies) 7 (58) 14 (58) 0.63

Lymph nodes retrieveda, mean (SD) 7 (7) 10 (8) 0.29

Pancreatic fistulab, No. (%) 7 (11) 11 (17) 0.45

Delayed gastric emptyingb, No. (%) 3 (5) 8 (13) 0.23

Postpancreatectomy hemorrhageb, No. (%) 1 (2) 6 (10) 0.13

Surgical site infection, No. (%) 5 (8) 10 (16) 0.30

ICU admission, No. (%) 9 (14) 17 (27) 0.12

Length of hospital stay, median (IQR), d 8 (7-12) 10 (8-13) 0.48

Re-admission, No. (%) 7 (11) 8 (13) > 0.99

a For malignancies only, b ISGPS grade B / C. Abbreviations: LDP, laparoscopic distal pancreatectomy; ODP, open 
distal pancreatectomy; SD, standard deviation; IQR, interquartile range; ICU, intensive care unit; IQR interquartile 
range; ISGPS, international study group of pancreatic surgery.

Univariable, multivariable, and sensitivity analyses
Laparoscopic distal pancreatectomy was a significant predictor of experiencing no major 
complication in the univariable analysis (OR = 0.41 (95% CI = 0.17–0.99), P = 0.048), 
but not in the multivariable analysis (OR = 0.47 (95% CI = 0.18–1.20), P = 0.12; Table 
5). Excluding all replaced controls and coupled patients from the LDP group did not 
change the significance of the parameters chosen in the univariable analysis. 
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SURVEY AMONG PANCREATIC SURGEONS

The response rate was 90% (27 of 30). Advanced laparoscopic gastrointestinal 
procedures had been performed by 70% of Dutch pancreatic surgeons for longer than 5 
years, and 74% performed, on average, 10 or more advanced laparoscopic gastrointestinal 
procedures each year (see Appendix, online only). Despite this experience, 48% of 
pancreatic surgeons had no experience with LDP. Training would be welcomed by 85% 
and subsequently, participation in a randomized controlled trial on LDP vs. ODP by 96%.

DISCUSSION

Despite underuse of LDP on a nationwide level and a clear impact of selection bias, LDP 
appeared to be at least non-inferior to ODP. The benefits of LDP (lower rate of major 
complications, less blood loss, and shorter hospital stay), as seen in the full cohort analysis, 
became nonsignificant after propensity score matching, highlighting the importance of 
correcting for selection bias. The underuse of LDP, the high conversion rate and the large 
proportion (48%) of pancreatic surgeons without experience in LDP emphasize the need 
for specific LDP training, which would be welcomed by the vast majority (85%) of Dutch 
pancreatic surgeons.

The results of this nationwide analysis largely support findings from earlier systematic 
reviews from mainly expert centers.11,14,16 Interestingly, in our study, after matching, 
no statistically significant differences were seen in complication rates, such as 
major complications, postoperative pancreatic fistula, delayed gastric emptying, 
postpancreatectomy hemorrhage, or surgical site infection. This might be explained by 
a type II error: a larger sample sizes could have shown an (potential) advantage of LDP. 
However, a recent systematic review that included only case-matched studies comparing 
LDP vs. ODP (75% performed in a single expert center), similarly, did not find significant 
advantages of LDP concerning complication rates.15 Splenectomy rates were reported 
only in 1 case-matched study and were lower in the LDP group (70% after LDP vs. 
88% after ODP, P < 0.001).30 It is unclear as to exactly why laparoscopy could prevent 
splenectomy. Nevertheless, preventing splenectomy whenever possible is important 
because splenectomy necessitates vaccinations and a supply of appropriate antibiotics 
for emergency use.31 Furthermore, most case-matched studies and several multivariable 
analyses30,32 demonstrated a significant reduced hospital stay after LDP. These findings 
require confirmation in a pragmatic randomized controlled multicenter trial performed 
by surgeons trained in LDP.
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TABLE 5. Matched univariable and multivariable analyses for predictors of experiencing a 
major complication after distal pancreatectomy.

Characteristic

Univariable analysis Multivariable analysis

OR (95% CI) P Value OR (95% CI) P Value

Laparoscopic approach 0.41 (0.17-0.99) 0.048 0.47 (0.18-1.20) 0.12

Histopathological diagnosis - - - -

NET RC RC - -

Pancreatic adenocarcinoma 10.46 (0.85-128.60) 0.07 5.70 (0.65-49.91) 0.12

Serous or mucinous neoplasm 2.05 (0.09-46.22) 0.65 - -

IPMN 3.24 (0.10-106.70) 0.51 - -

BMI (OR/kg/m2) 1.05 (0.89-1.23) 0.56 - -

Diabetes mellitus 1.05 (0.89-1.23) 0.56 - -

Tumor size on CT / MRI (OR/mm) 1.10 (0.88-1.37) 0.42 - -

Operative time (OR/min.) 1.00 (0.99-1.01) 0.90 - -

Blood loss (OR/mL) 1.00 (1.00-1.00) 0.13 - -

Splenectomy 1.25 (0.34-4.66) 0.74 - -

Combined procedure 3.00 (0.61-14.86) 0.18 - -

Abbreviations: OR, odds ratio; CI, confidence interval; NET, neuroendocrine tumor; RC, reference category; IPMN, 
intraductal papillary mucinous neoplasm; BMI, body mass index.

In this series, only 10% of distal pancreatectomies were started laparoscopically, but this 
still compares favorably to the 4% in a recent United States nationwide series (1998–
2009). Nonetheless, in the US, the proportion of distal pancreatectomies performed 
via a minimally invasive approach tripled over the study period, from 2–7%,33 while the 
proportion in the Netherlands did not increase over the past 8 years. A clear explanation 
for this stagnation in the Netherlands is lacking, but it could be related to an absence of 
specific training in LDP combined with worries for a learning curve effect. In series from 
expert centers, up to 73% of distal pancreatectomies were performed laparoscopically.34 
This implies that the use of LDP varies widely between expert and non-expert centers.

Failure to identify the tumor as an indication for conversion in 10% of all LDPs 
highlights the need for intraoperative ultrasound, which was not performed routinely. 
These factors could explain the high conversion rate (33%). Conversion rates as low as 
0% have been reported8 and demonstrate which results can be obtained in high-volume 
expert centers.35 The positive impact of centralization of pancreatic surgery is widely 
recognized,9,10,36 but the influence of centralization on outcomes of LDP is still under 
debate, because conversion rates of 25–30% are also reported by some very high-volume 
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expert centers.37,38 High-volume pancreatic surgery is apparently no guarantee for low 
conversion rates and good outcomes during attempted LDP. This is one of the reasons 
why specific training in LDP appears useful. 

This study is the first to describe the use and outcomes of LDP on a nationwide level. 
Limitations of this study are its retrospective design with risk of selection bias and 
information bias. However, we attempted to reduce the impact of these biases by 
propensity score matching based on 5 relevant baseline characteristics and by adopting 
Clavien-Dindo, ISGPS, and CDC definitions. 

CONCLUSIONS

Altogether, despite of an underuse, LDP seemed to be at least non-inferior to ODP on 
a nationwide level. Because of the limited number of LDP (10%) and high conversion 
rate (33%) in “real-world” clinical practice, there is clearly room for improvement, which 
could be achieved by structured training. Such a training program has recently been 
implemented on a nationwide level by the Dutch Pancreatic Cancer Group. Pragmatic 
randomized controlled multicenter trials should determine whether outcomes after LDP 
are truly superior. 
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APPENDIX. Survey among dutch pancreatic surgeons.

Question
Answers

(n=27)

1. Working in an academic medical center, % 48

2. > 5 years experience with advanced laparoscopic GI-surgery, % 70

3. > 10 advanced laparoscopic GI surgical procedures per year, % 74

4. No experience with laparoscopic pancreatic surgery, % 48

5. Indication for a laparoscopic approach*

 Benign tumor, % 100

 Premalignant tumor, % 100

 Malignant tumor, % 85

6. Reject a laparoscopic approach if*

 Other organs involved, % 81

 Tumor > 6 cm, % 48

 Malignant tumor, % 15

 Morbid adiposity, % 19

 Never, % 11

7. Willing to participate in LDP training, % 85

8. Expected eventual percentage LDP of all distal pancreatectomies, % 43

9. Barriers of starting with LDPs*

 None, % 63

 Lack of specific training in LDP, % 37

 Lack of time in operative schedules, % 33

10. LDP with splenectomy is a technical problem, % 26

11. Spleen-preserving DP is a technical problem, % 41

12. Willing to participate in a RCT on LDP versus ODP, % 96

*Multiple answers possible. Abbreviations: GI, gastrointestinal; LDP, laparoscopic distal pancreatectomy; DP, distal 
pancreatectomy; RCT, randomized controlled trial; ODP, open distal pancreatectomy
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ABSTR ACT

Objective. To study the feasibility and impact of a nationwide training program in 
minimally invasive distal pancreatectomy (MIDP). 

Summary of background data. Superior outcomes of MIDP compared with open distal 
pancreatectomy have been reported. In the Netherlands (2005–2013) only 10% of distal 
pancreatectomies were in a minimally invasive fashion and 85% of surgeons welcomed 
MIDP training. The feasibility and impact of a nationwide training program is unknown. 

Methods. From 2014–2015, 32 pancreatic surgeons from 17 centers participated in a 
nationwide training program in MIDP, including detailed technique description, video 
training, and proctoring on-site. Outcomes of MIDP before training (2005-2013) were 
compared with outcomes after training (2014–2015). 

Results. In total, 201 patients were included; 71 underwent MIDP in 9 years before 
training vs. 130 in 22 months after training (7-fold increase, P < 0.001). The conversion 
rate (38% (n = 27) vs. 8% (n = 11), P < 0.001) and blood loss were lower after training 
and more pancreatic adenocarcinomas were resected (7 (10%) vs. 28 (22%), P = 0.03), 
with comparable R0-resection rates (4/7 (57%) vs. 19/28 (68%), P = 0.67). Clavien-
Dindo score ≥ 3 complications (15 (21%) vs. 19 (15%), P = 0.24) and pancreatic fistulas 
(20 (28%) vs. 41 (32%), P = 0.62) were not significantly different. Length of hospital stay 
was shorter after training (9 (7–12) vs. 7 (5–8) days, P < 0.001). Thirty-day mortality 
was 3% vs. 0% (P = 0.12). 

Conclusion. A nationwide MIDP training program was feasible and followed by a 
steep increase in the use of MIDP, also in patients with pancreatic cancer, and decreased 
conversion rates. Future studies should determine whether such a training program is 
applicable in other settings. 
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INTRODUCTION

Distal pancreatectomy (DP) is the standard treatment for left-sided symptomatic benign, 
premalignant or malignant pancreatic disease, but DP is still associated with morbidity 
rates > 50% and mortality rates of 2-6%, even in high-volume expert centers.1,2 A 
complicated postoperative course results in slow postoperative recovery and a decreased 
quality of life during the first months after surgery.3-5 Minimally invasive approaches to 
gastrointestinal surgery have the possibility to improve postoperative recovery compared 
with open surgery, which has already been shown for several abdominal procedures.6–8 

Since the first report on minimally invasive DP (MIDP) in 1994,9 the implementation 
has been rather slow, presumably because of the lack of training in MIDP and the absence 
of randomized controlled trials confirming superior outcomes of minimally invasive vs. 
open DP.1,10 Yet, in recent years, several systematic reviews of cohort studies have reported 
lower operative blood loss, lower postoperative morbidity, and a shorter hospital stay 
after MIDP compared with open DP.1,11-14 Recently, a nationwide retrospective study 
performed in centers of the Dutch Pancreatic Cancer Group (DPCG), each performing at 
least 20 pancreatoduodenectomies annually, showed that in the period 2005–2013, only 
10% of all DPs in the Netherlands had been performed in a minimally invasive fashion.15 
Furthermore, around one-third of MIDPs were converted to open surgery because of 
bleeding, inappropriate overview or the inability to identify the tumor.15 Notably, over 
the 9-year study period, no increase in the use of MIDP or decrease in the conversion 
rate was seen.15 These outcomes were by far not comparable to those of expert centers 
from the United States or United Kingdom, and 85% of Dutch pancreatic surgeons stated 
to welcome training in MIDP in a national survey, which was conducted at the end of 
2013.15 

Several studies have demonstrated that the introduction of minimally invasive pancreatic 
surgery is prone to increased postoperative morbidity and mortality during the 
surgical learning curve.16,17 For example, a recent registry study reported an increased 
mortality for minimally invasive compared with open pancreatoduodenectomy.16,17 This 
difference might be because of significantly higher mortality after minimally invasive 
pancreatoduodenectomy in low-volume centers and because of technical aspects and 
difficulties of the procedure. This was potentially related to the absence of adequate 
surgical training within a structured training program.16,17 Increased morbidity and 
mortality have also been reported during the introduction of other minimally invasive 
gastrointestinal procedures.18 Structured implementation programs might therefore be 
helpful to increase surgical proficiency before starting with minimally invasive pancreatic 
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surgery on a national scale. Surgical training itself is obviously very likely to improve 
surgeon’s proficiency, but the question is whether such a nationwide training program is 
feasible. 

The feasibility and impact on outcomes of a nationwide training program in minimally 
invasive pancreatic surgery are unknown. The DPCG developed the Longitudinal 
Assessment and rEalization of minimaLly invAsive Pancreatic Surgery (LAELAPS) 
national program, which aimed to safely implement MIDP into Dutch surgery. Aim of 
this study was to assess the feasibility of the LAELAPS-1 training program and its impact 
on the use and outcomes of MIDP.

METHODS

This study was performed in accordance with the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) guidelines.19 The medical ethics 
review committee of the Academic Medical Center (Amsterdam, The Netherlands) 
waived the need for informed consent because of the observational and anonymous 
nature of this study. 

PATIENTS AND DESIGN

This is a multicenter before-after study to investigate the impact of the LAELAPS-1 
training program in all Dutch pancreatic centers (n = 17), who are all high-volume 
pancreatic centers participating in the DPCG. Each of these centers performs at least 20 
pancreatoduodenectomies annually, which is the criterion for maintaining the license 
to perform pancreatic surgery in the Netherlands. All patients who underwent MIDP 
during the study period in one of the 17 DPCG centers were included. Patients were 
excluded when essential data on the surgical procedure or postoperative course were 
lacking and when MIDP was performed because of non-pancreatic disease, such as gastric 
or renal tumors involving the pancreatic tail. Data of MIDPs performed before training 
( January 2005 to December 2013) were retrospectively collected. Data of patients (n 
= 64) operated up to September 2013 were published previously.15 Data of MIDPs 
performed during and after training ( January 2014 to October 2015) were prospectively 
collected in every center until the start of a nationwide randomized controlled trial on 
MIDP vs. open DP in that center.20 Both laparoscopic and robot-assisted procedures 
were included in the minimally invasive group, as they were performed using the same 
surgical technique. Analyses were performed according to intention-to-treat principles, 
meaning that converted MIDPs remained in the MIDP group. Additionally, average 
number of DPs per year and the crude proportions of DPs performed through minimally 
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invasive surgery before and after training were calculated using the previously published 
retrospective study and the Dutch Pancreatic Cancer Audit (a nationwide prospective 
registry), respectively. The decision whether a patient underwent MIDP or open DP was 
up to the local surgeon. It was advised to consider the Yonsei criteria for patient selection 
(i.e. tumor had to be confined to the pancreas, with an intact posterior fascial layer, and > 
1 cm distance from the celiac trunk).21

TRAINING

From January 2014–July 2015, 32 pancreatic surgeons from 17 centers of the DPCG 
participated in the LAELAPS-1 nationwide MIDP training program. At the start of the 
program, all participating surgeons had multiple years of experience with minimally 
invasive gastrointestinal surgery and open pancreatic surgery, but 50% of participants had 
no experience with MIDP. Only 3 centers had completed > 5 MIDPs without conversion 
before training. The LAELAPS-1 training program was initiated on January 1, 2014, 
but it was started and completed for every surgeon at different points in time because 
of their personal planning. The program consisted of detailed technique description, 
video training, and on-site proctoring. All surgeons received the detailed technique 
description before video training and on-site proctoring. This description contained a 
list of required surgical equipment and a detailed procedure explanation, as well as tips 
and tricks to prevent and solve potential intraoperative problems. Video training was 
performed before actual surgical on-site proctoring. Four surgeons only participated in 
video training because they considered themselves experienced in MIDP. During video 
training, which was performed by one of the proctors, the entire procedure was reviewed 
(duration: 15 minutes) and surgical tips and tricks were discussed. Additionally, short 
videos (duration: 3 minutes) of intraoperative complications were displayed to discuss 
and train how to prevent and solve them. Discussion during video training was always 
performed in a ‘‘live’’ setting. Detailed technique description and video training took 
on average 2 hours per surgeon. For proctoring, 2 options were available. The first 
option was on-site proctoring, where 18 surgeons were proctored in MIDP by a single 
international MIDP expert (MAH) in their own operating room. The second option was 
proctoring at the Academic Medical Center by a single national MIDP expert (MGB), 
which was completed by 16 surgeons. The national expert was initially trained by MAH 
during an 8-month fellowship. Six surgeons participated in both on-site proctoring and 
proctoring at the Academic Medical Center. Surgeons were suggested to start performing 
MIDP independently when the proctors confirmed they were ready for it. In 1 center, 
multiple proctoring sessions were desired and subsequently organized. The opinion of 
participating surgeons on proctoring was assessed directly after the procedure using a 
1-page survey. Completing all training phases by a single surgeon took on average around 
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8hours. A full-time equivalent PhD candidate spent 1 year on coordinating the program. 
The proctors spent 25 days on training surgeons in total, as 25 MIDPs were performed 
during proctoring sessions. These procedures were included in the analysis, as 15 of them 
were performed at the Academic Medical Center. The effect of including these cases was 
assessed in a sensitivity analysis (please see Statistical Analysis).

SURGICAL TECHNIQUE

Herein we describe the technique of laparoscopic DP as performed during LAELAPS-1 
training. Patients were placed in a supine position with the left side 20–60 degrees 
elevated depending on the location of the tumor (the more distal the tumor the higher 
the elevation to facilitate inspection of the splenic hilum). In total, 4–5 trocars were 
placed in a semicircular fashion, centered around an umbilical camera. In case of potential 
malignant disease, the presence of metastases was excluded first. Surgical dissection was 
performed using an energy device (e.g. HARMONIC ACE+7, Ethicon Endo-Surgery, 
Inc., Cincinnati, OH). The lesser sac was opened by dividing the gastrocolic ligament. 
The posterior fundus of the stomach was retracted using a retraction suture, exiting next 
to a subxyphoidal trocar. The pancreatic lesion was identified, either visually or by using 
laparoscopic ultrasound. For dissection, a medial to lateral approach was used, including 
mobilizing the splenic flexure of the colon from medial to lateral. The caudal pancreatic 
margin was mobilized, and the inferior and superior mesenteric veins were identified. An 
umbilical tape was placed under the pancreas and secured with Hem-o-lok clips (Teleflex 
Medical, Weck Drive, Research Triangle Park, NC). The splenic vein and splenic artery 
were identified. In case of benign or premalignant disease, attempts were made to preserve 
the spleen. This was preferably performed while preserving the splenic vessels (Kimura 
technique), but otherwise while transecting the splenic vessels (Warshaw technique). 
In case of malignant disease, resection of Gerota’s fascia, subsequent splenectomy and 
extended lymphadenectomy were performed, as described previously.22 The pancreas was 
divided using an endostapler (e.g. ECHELON FLEXTM ENDOPATH, Ethicon Endo-
Surgery, Inc, Cincinnati, OH or Endo GIATM with Tri-StapleTM Technology, Covidien, 
Mansfield, MA) with stapler size and the site of pancreatic transection adapted according 
to the surgeon’s preference. The specimen was extracted through a Pfannenstiel incision. 
A surgical (nonsuction) drain was placed near the pancreatic remnant and left subphrenic 
space.

DEFINITIONS

Conversion was defined as any laparotomy during MIDP for other reasons than trocar 
placement or specimen extraction. Major complications were defined as a Clavien-Dindo 
grade ≥ 3.23 Postoperative pancreatic fistula (grade B or C according to the International 
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Study Group on Pancreatic Fistula (ISGPF) definition),24 delayed gastric emptying 
(grade B or C according to the International Study Group on Pancreatic Surgery (ISGPS) 
definition),25 and postpancreatectomy hemorrhage (grade B or C according to the 
ISGPS definition)26 were assessed. Surgical site infection was defined using the Centers 
for Disease Control and Prevention (CDC) definition.27 Resection margins, including 
transection and circumferential margins, were classified into R0 (distance margin 
to tumor ≥ 1 mm), R1 (distance margin to tumor < 1 mm), and R2 (macroscopically 
positive margin).28

DATA COLLECTION

Data before training were retrospectively collected, whereas data during and after training 
were prospectively collected. All postoperative complications during hospital stay and at 
least up to 30 days postoperatively were collected. Collected baseline characteristics were 
age (years), sex, body mass index (kg/m2), previous abdominal surgery, American Society 
of Anesthesiologists (ASA) physical status, indication for surgery, histopathological 
diagnosis, and tumor size (mm) upon histopathology. Collected outcomes were operative 
time (minutes), intraoperative blood loss (ml), additional resection (besides DP and 
splenectomy), splenectomy, conversion, procedure type (laparoscopic vs. robot-assisted 
DP), resection margin status and lymph node retrieval (both in case of pancreatic ductal 
adenocarcinoma), overall complications (Clavien-Dindo score), postoperative pancreatic 
fistula (POPF), delayed gastric emptying, postpancreatectomy hemorrhage, surgical site 
infection, pulmonary complication, intensive care unit admission, length of hospital stay 
(days), readmission, and mortality.

STATISTICAL ANALYSIS

Data were analyzed using IBM SPSS Statistics for Windows version 22.0 (IBM Corp., 
Armonk, NY). Normally distributed continuous data were presented as means with 
standard deviations. Non-normally distributed continuous data were presented as 
medians with interquartile ranges. Categorical (binary, nominal, and ordinal) data were 
presented as frequencies with percentages. For comparison of continuous variables, 
the 2 independent samples t test or the Mann-Whitney U test were used, depending 
on the data distribution as appropriate. Categorical variables were compared using the 
Chi-square or Fisher exact test, depending on the sample size. Predictors of a minimally 
invasive completed procedure (i.e. no conversion) were assessed in a multivariable 
logistic regression with backward selection, including the MIDP number per center to 
correct for surgical learning curve and other potential confounders. Outcomes of the 
multivariable analysis were reported as odds ratios (ORs) with corresponding 95% 
confidence intervals (CI). Sensitivity analyses were accomplished by excluding MIDPs 
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performed during training, by excluding robot-assisted DPs, and by excluding MIDPs 
from centers performing > 10 MIDPs after training (to assess the influence of case 
volume on outcomes). A subgroup analysis was performed to compare intraoperative 
blood loss, operative time, and the conversion rate of patients who underwent MIDP 
with splenectomy before vs. after training. A two-sided P-value < 0.05 was considered 
statistically significant.

TABLE 1. Baseline characteristics.

Characteristic

MIDP
before training

(n = 71)

MIDP
after training

(n = 130) P value

Male, n (%) 38 (54) 55 (42) 0.13

Age, y, mean (SD) 56 (14) 60 (15) 0.07

BMI, kg/m2, mean (SD) 26 (5) 26 (6) 0.72

Previous abdominal surgery, n (%) 21 (30) 50 (38) 0.21

ASA physical status*, n (%)
1
2
3

-
19 (27)
44 (62)

8 (11)

-
14 (11)

82 (63)
34 (26)

0.002
-
-
-

Indication for surgery**, n (%)
Solid neoplasm

Pancreatic ductal adenocarcinoma
Neuroendocrine tumor
Other

Cystic neoplasm
Mucinous cystic neoplasm
Serous cystic neoplasm
Intraductal papillary mucinous neoplasm
Other

Chronic pancreatitis
Other

-
45 (63)
7 (10)

30 (42)
8 (11)

19 (27)
7 (10)
2 (3)
7 (10)
3 (4)
4 (6)
3 (4)

-
67 (52)
28 (22)
31 (24)
8 (6)

50 (38)
13 (10)
9 (7)

17 (13)
11 (8)
10 (8)
3 (2)

0.27
-

0.03
-
-
-
-
-
-
-
-
-

Tumor size**, mm, mean (SD) 23 (18) 34 (20) < 0.001

Abbreviations: MIDP = minimally invasive distal pancreatectomy, SD = standard deviation, BMI = body mass index, 
ASA = American Society of Anesthesiologists. *One patient operated before training was previously classified as 
American Society of Anesthesiologists physical status 415, but retrospective reassessment showed American Society 
of Anesthesiologists physical status 3. **Upon histopathological diagnosis.

RESULTS

PATIENTS

In total, 201 patients were included, of whom 71 patients underwent MIDP in the 9 
years before training (2005-2013) vs. 130 patients in the 22 months after training (> 
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7-fold increase, P < 0.001). Baseline characteristics did not differ significantly between 
the groups, besides a higher rate of ASA physical status 3 patients (8 (11%) vs. 34 (26%) 
patients, P = 0.01) and more pancreatic adenocarcinomas (7 (10%) vs. 28 (22%) patients, 
P = 0.03) in the period after training (Table 1). Furthermore, in the period after training, 
tumors were larger (23 (18) vs. 34 (20) mm, P < 0.001). 

In 2014 and 2015, centers performed a mean of 8 DPs annually. The numbers of DPs out 
of the previously published retrospective study and Dutch Pancreatic Cancer Audit were 
assessed. On average, 84 DPs were performed before training vs. 138 DPs on average per 
year after training. The proportion of MIDPs (number of MIDPs divided by the total 
number of DPs) was therefore 9% before training vs. 47% after training. Before training, 
a mean of 16 DPs was performed for pancreatic ductal adenocarcinoma annually vs. 30 
after training. The proportion of MIDPs for pancreatic ductal adenocarcinoma was 5% 
before training vs. 51% after training.

OPERATIVE OUTCOMES AND PATHOLOGY

Operative time was similar before and after training, whereas blood loss was decreased 
(Table 2). The conversion rate was lower in the period after training (38% (n = 27) vs. 
8% (n = 11), P < 0.001). In patients with pancreatic ductal adenocarcinoma, the R0 
(microscopically radical) resection rate (57% (4/7) vs. 68% (19/28), P = 0.67) and 
median numbers of resected lymph nodes (13 (3-17) nodes vs. 15 (7-21) nodes, P = 
0.54) did not differ between the groups. Robot-assisted DP was performed in 4 (6%) 
patients before training compared with 20 (15%) patients after training (P = 0.04). More 
patients with nonmalignant disease underwent splenectomy in the period after training 
(8 (11%) vs. 33 (25%) patients, P = 0.004). Fifteen of these patients (12%) underwent 
MIDP with splenectomy because of technical difficulty during an initially intended spleen-
preserving procedure, the others because they were expected to have malignant disease. 
The only independent predictor of a minimally invasive completed (i.e. no conversion) 
DP was MIDP performed after training (OR = 10 (95% CI = 4–24), P < 0.001) in a 
multivariable analysis also including age, sex, body mass index, a history of abdominal 
surgery, MIDP number per center (for learning curve correction), a robot-assisted 
procedure, a multivisceral resection, a spleen-preserving procedure, and a pancreatic 
ductal adenocarcinoma diagnosis. In the subgroup analysis in patients who underwent 
MIDP with splenectomy, the operative time (267 (102) vs. 220 (91) minutes, P = 0.07) 
and intraoperative blood loss (525 (135-1300) vs. 200 (100-438) ml, P = 0.16) were 
not significantly different. The conversion rate (50% (9/18) vs. 10% (7/68), P < 0.001) 
was significantly lower after training, also for patients who underwent spleen-preserving 
MIDP (34% (18/53) vs. 6% (4/62), P < 0.001).
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TABLE 2. Operative outcomes and pathology. 

Outcome

MIDP
before training

(n = 71)

MIDP
after training

(n = 130) P value

Operative time, min., mean (SD) 223 (112) 223 (85) 0.98

Intraoperative blood loss, mL, median (IQR) 350 (105-1000) 200 (50-400) 0.03

Additional resection*, n (%)
Partial gastrectomy 
Cholecystectomy
Partial colectomy 
Adrenalectomy
Nephrectomy

4 (6)
3 (4)
1 (1)

0 (0)
0 (0)
0 (0)

16 (12)
4 (3)
4 (3)
4 (3)
3 (2)
1 (1)

0.13
-
-
-
-
-

Spleen-preserving MIDP, n (%)
Resection of splenic vessels (Warshaw technique)**
Preservation of splenic vessels (Kimura technique)**

53 (75)
-
-

62 (48)
39 (30)
23 (18)

< 0.001
-
-

Non-malignant disease, n (%)
Splenectomy

Due to technical reasons**

53 (75)
8 (11)

-

88 (68)
33 (25)
15 (12)

0.30
0.004

-

Conversion, n (%)
Because of bleeding
Adhesions
Insufficient overview
Tumor advancement
Guaranteeing spleen preservation

27 (38)
15 (21)
4 (6)
6 (8)
1 (1)
1 (1)

11 (8)
3 (2)
5 (4)
1 (1)
1 (1)
1 (1)

< 0.001
-
-
-
-
-

Robot-assisted DP, n (%) 4 (6) 20 (15) 0.04

R0 resection (PDAC only), n (%) 4 (57) 19 (68) 0.67

Lymph nodes retrieved (PDAC only), median (IQR)
Tumor positive lymph nodes retrieved (PDAC only), 
median (IQR)

13 (3-17)
1 (1-2)

15 (7-21)
0 (0-3)

0.54
0.61

Abbreviations: MIDP = minimally invasive distal pancreatectomy, SD = standard deviation, R0 = microscopically 
radical resection, PDAC = pancreatic ductal adenocarcinoma. * Procedure with additional resection besides distal 
pancreatectomy and splenectomy. ** Before training data unavailable.

POSTOPERATIVE OUTCOMES

Postoperative outcomes are summarized in Table 3. ISGPF grade B/C pancreatic fistulas 
(20 (28%) vs. 41 (32%) patients, P = 0.62) and major complications (15 (21%) vs. 19 
(15%) patients, P = 0.24) did not differ significantly before and after training. Length 
of hospital stay was shorter in the period after training (9 (7–12) vs. 7 (5-8) days, P < 
0.001). Thirty-day or in-hospital mortality was 3% vs. 0% (P = 0.12), respectively. The 
90-day mortality rate was known for all patients before training, but because of the length 
of follow-up, it was only known for 107 of 130 patients (82%) after training. For those 
patients, 90-day mortality was 3% vs. 0%, respectively. In a subgroup analysis of patients 
without a major complication, length of hospital stay was 8 (6-10) days before vs. 6 (5-8) 
days after training (P < 0.001). 
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SENSITIVITY ANALYSES

Sensitivity analysis by excluding the 25 MIDPs performed during training (conversion 
rate 38% vs. 8% (P < 0.001), major complication rate 21% vs. 15% (P = 0.25), median 
length of hospital stay 9 (7-12) vs. 7 (5-8) days (P < 0.001), and 30-day or in-hospital 
mortality 3% vs. 0% (P = 0.13)) and by excluding robot-assisted DPs (conversion rate 
39% vs. 7% (P < 0.001), major complication rate 21% vs. 15% (P = 0.28), median length 
of hospital stay 9 (7-12) vs. 7 (5-9) days (P < 0.001), and 30-day or in-hospital mortality 
3% vs. 0% (P = 0.14)) did not change outcomes of MIDP performed before vs. after 
training, respectively. Excluding MIDPs after training from hospitals that performed > 10 
MIDPs after training showed a similar conversion rate (11%), major complication rate 
(17%), length of hospital stay (median 7 (6-10) days), and 30-day mortality (0%). 

TABLE 3. Postoperative outcomes.

Outcome

MIDP
before training

(n = 71)

MIDP
after training

(n = 130) P value

Clavien-Dindo score ≥ 3 complications 15 (21) 19 (15) 0.24

POPF grade B/C*, n (%)
Radiological catheter drainage for POPF

20 (28)
9 (13)

41 (32)
11 (8)

0.62
0.34

Delayed gastric emptying grade B/C**, n (%) 3 (4) 4 (3) 0.48

Postpancreatectomy hemorrhage grade B/C**, n (%) 2 (3) 4 (3) 0.64

Surgical site infection, n (%) 5 (7) 2 (2) 0.06

Pulmonary complication, n (%) 7 (10) 5 (4) 0.16

ICU admission, n (%) 9 (13) 9 (7) 0.18

Length of hospital stay, d, median (IQR) 9 (7-12) 7 (5-8) < 0.001

Readmission, n (%) 9 (13) 14 (11) 0.77

30-day mortality, n (%) 2 (3) 0 (0) 0.12

Abbreviations: MIDP = minimally invasive distal pancreatectomy, POPF = postoperative pancreatic fistula, ICU = 
intensive care unit, IQR = interquartile range. *According to the International Study Group on Pancreatic Fistula 
definition. **According to the International Study Group on Pancreatic Surgery definition.

SURVEY AFTER PROCTORING

In this survey (100% response rate), all of the 32 trained surgeons reported to be satisfied 
with the training program and declared that training sessions were of considerable added 
value. In total, 72% (n = 23) of surgeons had the intention to perform more MIDPs 
after training and 78% (n = 25) of surgeons stated that MIDP was as of that moment 
considered the preferred technique. 
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IMPACT OF TRAINING

In 10 of the 17 participating centers, MIDP had already been performed 1–20 times 
during the 9-year period before LAELAPS-1 training, with a range of 2–11 through 
minimally invasive surgery completed (i.e. no conversion) DPs. In these, 10 centers, 76 
MIDPs were performed after training, with a range of 4–21 MIDPs completed without 
conversion and an overall conversion rate of 11%. So, a 4-fold increase in the number 
of MIDPs performed per year was seen. In 7 of 17 participating centers, MIDP had not 
been performed before training. These centers performed 54 MIDPs after training, with 
a range of 2–16 MIDPs completed without conversion and an overall conversion rate 
of 4%. The 4 surgeons who did not participate in proctoring performed 29 MIDPs after 
training altogether, with non-significantly differing outcomes compared with those who 
completed proctoring (conversion 14% vs. 7% (P = 0.24), major complication 21% vs. 
13% (P = 0.29), and median length of hospital stay 7 (6–11) vs. 7 (5–8) days (P = 0.06)). 

DISCUSSION

This is the first report on a nationwide training program for minimally invasive pancreatic 
surgery. Training was followed by a 7-fold increase in the use of MIDP with decreased 
conversion rates, blood loss and length of hospital stay, even while more ASA physical 
status 3 patients, more patients with pancreatic ductal adenocarcinoma, and larger 
tumors were operated through minimally invasive surgery. 

The increased use of MIDP after training was very obvious. Even though the average 
number of DPs performed per year increased from 84 before training to 138 after 
training, the proportion of MIDPs increased from 9% to 47%, including for DPs 
performed for pancreatic ductal adenocarcinoma (average number of DPs for pancreatic 
ductal adenocarcinoma per year increased from 16 to 30, but the proportion of 
MIDPs increased from 5% to 51% as well). The outcomes of MIDP performed in the 
Netherlands before training were clearly inferior to those of expert centers from the 
United States and the United Kingdom.15,29-32 Especially the conversion rate (38%) was 
one of the highest reported in the literature. This conversion rate steeply dropped after 
training, possibly because of the adoption of a structured surgical technique as proctored 
within the LAELAPS-1 program. In previous series, robot-assisted DP was shown to be 
associated with lower conversion rates compared with laparoscopic DP,33 which was not 
the case in this series. Besides increased surgical proficiency, more ASA physical status 
III patients, higher amounts of pancreatic ductal adenocarcinomas, and larger tumors 
were operated through minimally invasive surgery after training, indicating that surgeons 
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dared to take on more challenging cases. This may also explain the higher splenectomy 
rate seen in patients with non-malignant disease after training, as many of these patients 
(18/33 (55%) patients) were expected to have a malignant pancreatic tumor requiring 
splenectomy. After training, only 12% of patients underwent splenectomy because of 
technical difficulties. Despite operating on larger tumors, the amount of tumor-negative 
(R0) resection margins in patients with pancreatic ductal adenocarcinoma did not 
worsen after training. 

Nationwide outcomes after training, including the conversion rate, operative blood loss, 
operative time, and postoperative morbidity, were comparable to expert series.29-31,34,35 
The overall postoperative ISGPF grade B/C pancreatic fistula rate (30%) was relatively 
high, potentially because many patients with high drain amylase levels on postoperative 
day 3 were discharged with a surgical drain in situ, defined as an ISGPF grade B pancreatic 
fistula.24 A low percentage of patients underwent postoperative radiological percutaneous 
catheter drainage because of a pancreatic fistula (10%) or were readmitted (11%). Data 
on the stapler size was not collected, but evidence that stapler size influences the rate of 
POPF is lacking. The location of pancreatic transection (pancreatic isthmus, body, or 
tail) could also be associated with POPF development, although a recent study showed 
that the clinically relevant pancreatic fistula rate is not influenced by the site of pancreatic 
transection.36 The Clavien-Dindo ≥ 3 complication rate seemed similar to expert 
series,1,11-13 although after training none of the individual postoperative complication 
rates significantly improved. Postoperative length of hospital stay was decreased after 
training, but this may also be related to the increased use of enhanced recovery after 
surgery programs over time.37 Length of hospital stay was also significantly shorter 
in uncomplicated patients, so it is expected that a secular trend of earlier discharge 
influenced this outcome. It is obviously interesting to evaluate the influence of the 
implementation of MIDP and enhanced recovery after surgery programs separately, but 
due to the multicenter design of this study such analyses were not possible. 

Surgical training will naturally improve perioperative outcomes. The influence of training 
programs on surgical outcomes has already been investigated for minimally invasive 
colon and bariatric surgery, but none of these studies have directly compared surgical 
outcomes before and after training.38,39 The question remains how a training program 
should be organized. In the literature, training programs using human cadaver models, 
porcine models, or procedure simulation have been described.40–42 These methods were 
however used in training programs for surgical residents or surgeons without experience in 
minimally invasive surgery. Training pancreatic surgery in a porcine model is furthermore 
difficult because of the deviating anatomy of the pig. All surgeons participating in 
LAELAPS-1 training had sufficient experience with both open pancreatic surgery and 
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advanced minimally invasive gastrointestinal surgery. In this group of surgeons using a 
standardized and reproducible surgical technique, detailed technique description, video 
training combined with proctoring was expected to be a more appropriate training 
method. The LAELAPS-1 training program was feasible and effective on a national scale, 
but such an approach is only achievable when centers and surgeons are dedicated. They 
must be willing to collaborate closely and share knowledge and skills with the mutual aim 
to improve both operative and postoperative results. In the Netherlands, the collaborative 
structure of the DPCG facilitates such a program. During the entire training program, 
on-site proctoring was warmly welcomed by Dutch surgeons. The combination of the 
availability of multiple proctoring sessions and a proctor advising surgeons whether to 
start performing MIDP on their own after training turned out to be a success. Obviously, 
the keys of success were the willingness of these surgeons to put themselves under 
training, even while half of participating surgeons had their own experiences already, 
the transparency of outcome assessment, and a core research group coordinating the 
entire process carefully. Importantly, this is the first study on feasibility and impact of a 
nationwide training program in pancreatic surgery, so it remains unknown to what extent 
such an approach can be translated to other surgical procedures and other health care 
settings. 

This study has some limitations. First, outcomes of MIDPs performed before training 
were collected retrospectively, what could have led to underreporting of surgical 
complications compared with the prospective study. However, this could potentially 
only enlarge the impact of training on outcomes. The 30-day follow-up used in this study 
would preferably have been extended to 90 days. Unfortunately, this was not possible 
because of the inclusion of very recently operated cases. Owing to this restricted patient 
follow-up, the proportion of patients receiving adjuvant chemotherapy was unknown. 
However, adjuvant chemotherapy is the standard treatment for patients diagnosed with 
pancreatic ductal adenocarcinoma, so we expect that the majority of those patients 
have been treated accordingly. Despite inclusion of more complex cases after training, 
patient selection could have influenced results. Future studies will have to determine 
whether these training programs are of significant value in other health care settings as 
well as for other surgical procedures, such as the more demanding minimally invasive 
pancreatoduodenectomy.43 Ultimately, the actual clinical benefit of MIDP over open 
DP will have to be assessed in a large multicenter randomized controlled trial.1,44 Such a 
study, the LEOPARD-1 trial, is currently ongoing in the Netherlands.20
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CONCLUSION

A nationwide training program was shown to be feasible and was followed by a steep 
increase in the use of MIDP. After training, more patients with pancreatic cancer were 
operated through minimally invasive surgery. Furthermore, decreased conversion rates 
and intraoperative blood loss were observed. Future studies will have to determine 
whether such a multicenter training program is also applicable for other surgical 
procedures and in other health care settings.
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ABSTR ACT

Background. Pancreatic resections are complex procedures with considerable 
morbidity. Minimally invasive distal pancreatectomy may be superior to open surgery, 
but randomised studies are lacking. This trial following structured nationwide training 
in minimally invasive distal pancreatectomy, according to IDEAL framework for surgical 
innovation, aimed to compare time to functional recovery after minimally invasive and 
open distal pancreatectomy.

Methods. We performed a multicenter, patient-blinded, randomised controlled, 
superiority trial in 14 centers. Adult patients with left-sided pancreatic tumours confined 
to the pancreas were randomly assigned (1:1) to undergo minimally invasive or open 
distal pancreatectomy. Patients were blinded using abdominal dressings. The primary 
endpoint was time to functional recovery. Analyses were by intention-to-treat. This trial 
is registered in the Netherlands Trial Register (NTR5689).

Findings. Between April, 2015 and March, 2017 we randomised 51 patients to minimally 
invasive distal pancreatectomy and 57 to open distal pancreatectomy. Time to functional 
recovery was 4 (IQR = 3-6) days after minimally invasive vs. 6 (IQR = 5-8) days after 
open distal pancreatectomy (P < 0.001). Eight percent of minimally invasive procedures 
were converted to open. Operative blood loss was less after minimally invasive distal 
pancreatectomy (150 vs. 400 ml, P < 0.001), whereas operative time was longer (217 vs. 
179 minutes, P = 0.005). Clavien-Dindo grade ≥ 3 complication rates (25% vs. 38%, P = 
0.205) were comparable, although delayed gastric emptying grade B/C (6% vs. 20%, P = 
0.038) was seen less often after minimally invasive distal pancreatectomy. Postoperative 
pancreatic fistulas grade B/C were seen in 39% after minimally invasive vs. 23% after 
open distal pancreatectomy (P = 0.065), without difference in percutaneous catheter 
drainage (22% vs. 20%, P = 0.770). Zero patients died in the minimally invasive group vs. 
one patient in the open group.

Interpretation. This trial following structured training according to IDEAL, showed 
earlier functional recovery after minimally invasive vs. open distal pancreatectomy.

Funding . Investigator-initiated grant by Johnson & Johnson Medical Limited.
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INTRODUCTION

Pancreatic resections are complex surgical procedures with a strong volume-outcome 
relationship.1 Distal pancreatectomy is performed for symptomatic benign, premalignant 
and malignant disease in the pancreatic body or tail.2 Although distal pancreatectomy 
is associated with less morbidity than pancreatoduodenectomy, it remains a major 
abdominal operation associated with a 30-50% risk of complications and 1-4% risk of 
death.2-6

Distal pancreatectomy is traditionally performed using an open approach, but in the past 
decade, the minimally invasive approach performed by laparoscopic surgery or robot-
assisted surgery has become increasingly popular.7,8 Pooled analyses of observational 
studies, generally from single, high-volume expert centers, have suggested that minimally 
invasive distal pancreatectomy is associated with shorter length of hospital stay, compared 
with open distal pancreatectomy.9,10 Despite this potential benefit, minimally invasive 
distal pancreatectomy is only used in about one-third of patients according to a recent 
analysis of the National Surgical Quality Improvement Program (NSQIP) database.11 
This may be related to the complex nature of minimally invasive pancreatic surgery 
and the lack of randomised studies confirming the benefits for this approach in time to 
recovery, quality of life and costs.4,7,10,12 

In the past, the uncontrolled introduction of minimally invasive surgical techniques (e.g. 
cholecystectomy, colorectal surgery) initially led to an increase in complication rates.13,14 
Following these results, multiple appeals were made over the past 20 years to standardize 
the development and implementation of new surgical procedures.15 We aimed to safely 
introduce minimally invasive distal pancreatectomy according the IDEAL framework 
for surgical innovation through a nationwide training program.16-18 Hereafter, the use of 
minimally invasive distal pancreatectomy in the Netherlands increased seven-fold and 
outcomes were found comparable to those from expert centers.19,20 As the next step 
according to IDEAL, we designed a nationwide, patient-blinded, randomised controlled 
trial to determine whether minimally invasive distal pancreatectomy could improve time 
to functional recovery compared with open distal pancreatectomy.
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METHODS

STUDY DESIGN AND PATIENTS

The design and rationale of the LEOPARD-1 trial has been published previously.21 This 
investigator-initiated, multicenter, patient-blinded, randomised controlled, superiority 
trial was conducted in 14 centers of the Dutch Pancreatic Cancer Group. All patients 
provided written informed consent before randomization. This trial complies with the 
Declaration of Helsinki. The institutional review boards of all participating centers 
approved the study protocol. The authors were responsible for the design and analysis 
of the study and take full responsibility for the integrity and completeness of the data, 
the contents of this article and the fidelity of this article to the trial protocol. Adults 
with an indication for elective distal pancreatectomy because of symptomatic benign, 
premalignant or malignant left-sided pancreatic tumours were eligible for randomization. 
The Yonsei criteria22 were followed, meaning that tumours had to be confined to the 
pancreas with an intact posterior pancreatic fascial layer, and at least one cm distant from 
the celiac artery. Excluded were patients with a tumour larger than eight cm, who required 
resection of organs other than pancreas or spleen, who had undergone radiotherapy for 
pancreatic cancer, who had chronic pancreatitis, who were pregnant, or who participated 
in another study with potential interference of the primary study endpoint. 

RANDOMISATION AND MASKING

Patients were blinded with a large abdominal dressing.21 Efficacy of blinding was assessed 
at day three and at the time that functional recovery was met by asking patients which 
surgical procedure they believed to have undergone. All patients were treated within 
an enhanced recovery setting including early mobilization and oral intake on demand. 
Patients were randomly assigned in a 1:1 ratio to undergo either minimally invasive or 
open distal pancreatectomy, using an online randomization module (ALEA, Clinical 
Research Unit, Academic Medical Center, Amsterdam, The Netherlands). Permuted-
block randomisation was used with concealed block sizes of two to six. Randomization 
was stratified by center volume (< 10 vs. ≥ 10 distal pancreatectomies per year) and type 
(university vs. non-university teaching hospital), and indication for surgery (malignant 
vs. non-malignant tumour). 

QUALITY

Quality criteria were determined before patients were enrolled in the study. Minimally 
invasive distal pancreatectomy was performed by surgeons who completed the 
dedicated LAELAPS-1 training program for minimally invasive distal pancreatectomy 
in the Netherlands20, had performed > 50 advanced minimally invasive gastrointestinal 
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procedures (i.e. beyond diagnostic laparoscopy, cholecystectomy, and appendectomy), 
> 20 distal pancreatectomies (either minimally invasive or open distal pancreatectomy), 
and > 5 minimally invasive distal pancreatectomies. As a quality control measure, every 
first minimally invasive distal pancreatectomy per center was recorded on video and 
anonymously scored by an expert (M.A.H.) using the method described by Birkmeyer 
et al.23 The minimum score was set at three out of five for every domain (i.e. gentleness, 
tissue exposure, instrument handling, time and motion, and flow of the operation). All 
participating centers performed at least 20 pancreatoduodenectomies annually.

PROCEDURES

Technical details of minimally invasive and open distal pancreatectomy as performed 
within the trial were published previously and are also shown in the Appendix.21 Steps 
were essentially similar for minimally invasive and open distal pancreatectomy, but small 
variations at the discretion of the operating surgeons were allowed.

OUTCOMES

The primary endpoint was time to functional recovery (days) after surgery, defined as 
all of the following: independently mobile at the preoperative level, sufficient pain 
control with oral medication alone, ability to maintain at least 50% daily required caloric 
intake, no intravenous fluid administration and no clinical signs of infection. Individual 
components of the primary endpoint were analyzed as secondary endpoint. Secondary 
endpoints also included complications, feeding tube placement, percutaneous catheter 
drainage, surgical re-interventions, length of hospital stay, intensive care unit admission, 
re-admission, quality of life (i.e. EQ-5D-3L questionnaire at 1, 3, 5, 14, 30, 90 days 
postoperatively, and QLQ-C30 questionnaire at 14, 30, 90 days postoperatively), and 
costs (additional information is shown in the Appendix). Follow-up was up to 90 days 
postoperatively. Data collection was performed by local physicians using printed case 
record forms, and crosschecked with primary sources by the study coordinators (T.d.R., 
J.v.H.). Clinical outcomes were evaluated by three investigators in pancreatic surgery (i.e. 
adjudication committee) independently, who were all blinded for treatment allocation. 
Definitions used in this trial are shown in the Appendix. Discrepancies were resolved on 
the basis of consensus by the adjudication committee.

STATISTICAL ANALYSES

Based on a non-parametric test, we calculated that 108 patients were needed to detect 
a two-day reduction in postoperative time to functional recovery, with a power of 80% 
(1-β) and a two-sided α level of 0.05. The two-day reduction was based on observational 
data.19,20,24 Patients who did not undergo surgery for reasons unrelated to the surgical 
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procedure were replaced according to protocol. All analyses were performed according 
to the intention-to-treat principle. Differences in dichotomous outcomes were assessed 
using the Chi-square test or Fisher’s exact test, as appropriate. Differences in continuous 
outcomes were assessed using the independent samples t-test or the Mann-Whitney U 
test, as appropriate. The primary endpoint was analyzed likewise, ignoring censoring of 
observations because all patients were expected to reach the primary endpoint within 
90 days after distal pancreatectomy. Dichotomous outcomes were presented as risk 
ratios (RR) with corresponding two-sided 95% confidence intervals (CI). Continuous 
outcomes were either presented as means with standard deviations (SD), or as 
medians with interquartile ranges (IQR), depending on the data distribution. Potential 
interactions between stratification parameters (center volume, center type, and indication 
for surgery) and the primary endpoint were assessed in a multivariable Cox regression 
analysis. Missing quality of life data were imputed according to predictive mean matching 
principles, using ten imputations. No imputation was performed for patients in whom 
all quality of life data was missing. A linear mixed model was used to analyze differences 
in quality of life scores over time, adjusted for baseline values. Details on cost analysis 
are shown in the Appendix. Healthcare costs from the hospital’s perspective were 
compared using non-parametric bootstrapping, drawing 1,000 samples of the same sizes 
as the original samples and with replacement. Costs were presented as mean differences 
with corresponding two-sided 95% bias corrected and accelerated confidence intervals 
(BCaCI). A two-sided P-value of less than 0.05 was considered statistically significant. 
Adjustment for multiple testing was not performed. Per protocol and as treated analyses 
are shown in the Appendix. 

ROLE OF THE FUNDING SOURCE

The LEOPARD-1 trial was an investigator-initiated trial supported by an unrestricted 
grant from Johnson & Johnson Medical Limited (Livingston, United Kingdom). The 
funders had no role in the study design, data collection, data analysis, data interpretation, 
writing the manuscript or the submission process.
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181 patients assessed for eligibility

70 patients ineligible
• 24 not meeting inclusion criteria

• 22 not meeting Yonsei criteria
• 2 non-elective distal pancreatectomy

• 28 meeting exclusion criteria
• 6 tumor/cyst >8 cm
• 12 additional surgical procedure
• 2 neo-adjuvant radiotherapy
• 8 chronic pancreatitis

• 14 declined to participate
• 2 contraindication for laparoscopic surgery
• 2 not asked to participate

51 patients included in intention-to-treat analysis

0 patients lost to follow-up

51 patients allocated to MIDP
• 47 received MIDP
• 1 received ODP
• 1 received laparoscopic adrenalectomy
• 2 received staging laparoscopy 

0 patients lost to follow-up

57 patients allocated to ODP
• 55 received ODP
• 1 received open pancreatic enucleation 
• 1 received palliative gastrojejunostomy

57 patients included in intention-to-treat analysis

111 patients randomized

3 patients did not receive surgery and were 
replaced according to protocol 
• 1 not fit enough for surgery
• 1 withdrew consent to undergo surgery
• 1 moved to another country

108 patients analyzed

FIGURE 1. Trial profile.
MDP = minimally invasive distal pancreatectomy. ODP = open distal pancreatectomy.
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RESULTS

Between April 9, 2015 and March 15, 2017, a total of 181 patients with left-sided 
symptomatic benign, premalignant or malignant pancreatic tumours were screened 
for eligibility. A total of 111 patients from 14 centers were randomised (Figure 1), of 
whom three patients did not undergo surgery because of reasons unrelated to the 
surgical approach (one emigrated, one withdrew consent to undergo surgery, and one 
for poor medical condition) and were replaced according to the study protocol. Baseline 
characteristics were comparable for both groups (Table 1).

TABLE 1. Baseline characteristics of study participants.

Minimally invasive distal 
pancreatectomy 

(n = 51)

Open distal 
pancreatectomy

(n = 57)

Age, mean (SD), years 61 (±13) 63 (±12)

Female sex 22 (43) 29 (52)

Body mass index, mean (SD), weight (kg)/(height (m))2) 27 (±6) 26 (±4)

Abdominal surgery in medical history 21 (41) 27 (48)

Acute pancreatitis in medical history 3 (6) 3 (6)

Diabetes mellitus in medical history 5 (10) 10 (18)

ASA physical status

I 13 (25) 9 (16)

II 31 (61) 37 (66)

III 7 (14) 10 (18)

Tumor size on imaging, mean (SD), mm 30 (±15) 34 (±20)

Expected malignant tumor 25 (49) 30 (54)

University hospital 36 (71) 38 (67)

High-volume hospitala 22 (43) 26 (46)

aDefined as ≥10 distal pancreatectomies annually. SD = standard deviation, ASA = American Society of 
Anesthesiologists.

Fifty-one patients were assigned to minimally invasive distal pancreatectomy, of whom 
47 underwent minimally invasive distal pancreatectomy (42 laparoscopic, and five robot-
assisted), two patients did not undergo resection due to intraoperatively diagnosed 
metastasized disease, one patient underwent open distal pancreatectomy because of 
tumour progression, and one patient only required laparoscopic adrenalectomy. In all 
centers, the first minimally invasive distal pancreatectomy procedure met the quality 
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requirements as defined in the protocol.21 Four minimally invasive distal pancreatectomies 
(8%) were converted to open distal pancreatectomy, because of adhesions (n = 2) and 
lack of overview (n = 2). Blinding was maintained up to functional recovery in 39 patients 
(76%), of whom 10 patients (20%) correctly believed to have undergone minimally 
invasive distal pancreatectomy, 13 patients (25%) believed to have undergone open distal 
pancreatectomy, and three patients (6%) were unclear. 

Fifty-seven patients were assigned to open distal pancreatectomy, of whom 55 underwent 
open distal pancreatectomy, one patient had intraoperatively detected metastases and 
underwent a palliative gastrojejunostomy bypass, and another patient underwent open 
pancreatic enucleation. Blinding was maintained in 41 patients (72%), of whom 10 
patients (18%) correctly believed to have undergone open distal pancreatectomy, whereas 
21 patients (37%) believed to have undergone minimally invasive distal pancreatectomy, 
and three patients (5%) were unclear. 

Endpoints are summarized in Table 2. All patients reached functional recovery within 90 
days postoperatively. Functional recovery was reached after a median of 4 (IQR = 3-6) 
days for minimally invasive distal pancreatectomy and 6 (IQR = 5-8) days for open distal 
pancreatectomy (P < 0.001). Moreover, every individual criterion of functional recovery 
was reached faster after minimally invasive than open distal pancreatectomy (Table 2). 
This benefit was also reflected in a two-day reduction in length of initial hospital stay for 
minimally invasive distal pancreatectomy (median 6 (IQR = 4-7) vs. 8 (IQR = 6-9) days, 
P < 0.001). Delayed gastric emptying grade B/C (3 patients (6%) vs. 11 patients (20%), P 
= 0.038) and endoscopic feeding tube placement (4 patients (8%) vs. 14 patients (25%), 
P = 0.020) were less frequent after minimally invasive than open distal pancreatectomy. A 
Clavien-Dindo ≥ 3 complication occurred in 13 patients (25%) after minimally invasive 
vs. 21 patients (38%) after open distal pancreatectomy (P = 0.205). No differences 
were found for the following complications: bleeding, surgical site infection, intensive 
care unit admission, surgical or radiological re-intervention, re-admission. For 90-day 
mortality, none of patients died in the minimally invasive distal pancreatectomy group 
and one patient died in the open distal pancreatectomy group.

A stapled pancreas transection was performed in 92% vs. 88% of patients (P = 0.447). 
The grade B/C pancreatic fistula rate was 39% vs. 23% for minimally invasive and open 
distal pancreatectomy, respectively (P = 0.065) There was no difference in the rate of 
percutaneous catheter drainage for pancreatic fistula (22% vs. 20%, P = 0.770). Operative 
time was longer after minimally invasive distal pancreatectomy (217 (IQR = 135-277) vs. 
179 (129-231) minutes, P = 0.005), whereas blood loss was less (150 (50-350) vs. 400 
(200-775) ml, P < 0.001). Oncological outcomes in patients diagnosed with pancreatic 
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ductal adenocarcinoma (microscopically radical resection margins 7/13 vs. 4/10 patients 
(P = 0.510) and total number of resected lymph nodes 11 (IQR = 5-19) vs. 15 (IQR = 
5-22) nodes (P = 0.710) did not differ between the groups.

Minimally invasive distal pancreatectomy was associated with better overall EQ-5D-3L 
health utilities than open distal pancreatectomy (mean difference adjusted for baseline 
scores 0.10 (95% CI = 0.03–0.16, P = 0.003), particularly due to significant differences 
in EQ-5D-3L health utilities from postoperative day 3–30. Similarly, the overall EQ-5D-
3L state of health and overall QLQ-C30 global health score were better for minimally 
invasive distal pancreatectomy (Figure 2). Detailed results on quality of life analysis is 
provided in the Appendix. 

Overall costs were $15,201 (95% BCaCI = $12,649–$18,112) for minimally invasive 
distal pancreatectomy and $17,314 (95% BCaCI = $14,140–$20,706) for open distal 
pancreatectomy (mean difference $-2,113 (95% BCaCI = $-7,187–$2,762, P = 0.414).

 

 

 

A) EQ-5D-3L state of health visual analogue scale

 

 

B) QLQ-C30 global health status

 

Minimally invasive distal pancreatectomy.   Open distal pancreatectomy.

Analyzed according to intention-to-treat. Values are presented as mean quality of life scores with their 95% CI (0 indicates worst 
imaginable state of health, 100 indicates best imaginable state of health). The EQ-5D-3L state of health visual analogue scale overall 
estimated mean difference was 8 (95% CI 7.08 to 12.43, P<0.001) and the QLQ-C30 global health score overall estimated mean 
difference 4.97 (95% CI -1.22 to 11.16, P=0.12), both corrected for baseline scores.

FIGURE 2. Quality of life.

In a multivariable Cox regression, minimally invasive distal pancreatectomy was 
independently associated with shorter time to functional recovery, as was the case for a 
preoperatively non-malignant tumour as indication for surgery. Details are shown in the 
Appendix.
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DISCUSSION

In this first multicenter, patient-blinded, randomised controlled, superiority trial 
on minimally invasive pancreatic surgery, we showed that minimally invasive distal 
pancreatectomy reduced time to functional recovery compared with open distal 
pancreatectomy. Minimally invasive distal pancreatectomy also reduced operative blood 
loss, postoperative grade B/C delayed gastric emptying, and hospital stay, without 
increasing costs. Besides, it decreased the negative impact of surgery on postoperative 
quality of life.

A systematic review of propensity score matched observational studies suggested a 
reduction in length of hospital stay after minimally invasive distal pancreatectomy.24 Most 
of the included studies were single-center series from expert centers which hampers their 
external validity. Some authors have challenged whether minimally invasive approaches 
can improve outcomes of open surgery in the current era of enhanced recovery after 
surgery programs, especially in complex procedures such as pancreatic resections.25 
Nevertheless, in this study with enhanced recovery principles implemented in all 
participating centers and with most patients successfully blinded, the minimally invasive 
approach was able to reduce time to functional recovery from six to four days, which is a 
clinically relevant 33% decrease.

In the present study, we found that the rate of patients suffering from postoperative 
delayed gastric emptying decreased from 20% to 6% after the minimally invasive approach 
which translated in a reduction of (endoscopic) feeding tube placements. Delayed gastric 
emptying is a troublesome complication which may last for several days or even weeks 
and thus hampers patient recovery.26 We also observed a trend towards an increased 
grade B/C pancreatic fistula rate after minimally invasive distal pancreatectomy, although 
no difference in the overall need for percutaneous catheter drainage was seen.
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This is explained by the finding that in the minimally invasive distal pancreatectomy 
group more patients were already functionally recovered, and discharged, before drain 
amylase levels had normalized, leading to delayed drain removal during an outpatient 
visit. In future practice, attention should be paid to this subgroup, as earlier outpatient 
visits with drain removal may reduce fistula rates and patient discomfort. 

Minimally invasive surgery will increase operative costs due to the surgical instruments 
used and a 30-minute increased operative time. This is, however, balanced by the 
reduced length of hospital stay, and less delayed gastric emptying, with reduced need for 
endoscopic feeding tube placement, making the overall direct medial costs for minimally 
invasive distal pancreatectomy comparable to that of open distal pancreatectomy. 

The temporary decrease in quality of life was found to be less after minimally invasive 
distal pancreatectomy, even within the first days after surgery where patients were still 
blinded for received treatment. As expected, the quality of life benefit only lasted for 30 
days. By then, impairment caused by surgical wounds is unlikely. Long-term follow-up, 
the final step of the IDEAL framework, has been started directly after trial completion to 
assess the full impact of minimally invasive distal pancreatectomy on outcomes such as 
incisional hernia, abdominal complaints, and bowel obstruction.

A limitation of this study is that it was not designed to assess whether minimally invasive 
distal pancreatectomy is superior to open distal pancreatectomy regarding overall 
complications. To do so, a much larger study would be required. A second limitation 
of this study is that we included only a small number of patients with pancreatic ductal 
adenocarcinoma, which hampers the evaluation of oncological outcomes. Even though, 
the radical (R0) resection rate and lymph node retrieval was similar in the 23 included 
patients with pancreatic ductal adenocarcinoma. Future studies have to confirm the 
efficacy and safety of minimally invasive distal pancreatectomy in this specific patient 
category.27

A major strength of this study is its nationwide collaborative approach according to the 
IDEAL framework.16-18 This study was performed only after surgeons had been trained 
within a structured training program, including medium- and high-volume hospitals. The 
primary endpoint was strictly defined, and patients were blinded for the intervention. 
Blinding in surgical randomised trials has for long been deemed impossible although 
several authors emphasized the value of blinding in non-pharmacological studies to 
decrease bias.28,29 Blinding proved feasible and successful in this study.
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CONCLUSION

In conclusion, minimally invasive distal pancreatectomy, compared with open distal 
pancreatectomy, was associated with a two-day reduction in time to functional recovery. 
Our results indicate that the treatment of choice for patients with left-sided pancreatic 
tumours is minimally invasive distal pancreatectomy, from both a clinical and quality of 
life point of view. 
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ABSTR ACT

Background. Large multicenter series on outcomes and predictors of survival after distal 
pancreatectomy (DP) for pancreatic ductal adenocarcinoma (PDAC) are scarce. 

Methods. Adults who underwent DP for PDAC in 17 Dutch pancreatic centers between 
January 2005 and September 2013 were analyzed retrospectively. The primary outcome 
was survival, and predictors of survival were identified using Cox regression analysis. 

Results. In total, 761 consecutive patients after DP were assessed, of whom 620 patients 
were excluded because of non-PDAC histopathology (n = 616) or a lack of data (n = 
4), leaving a total of 141 patients included in the study (45% (n = 63) male, mean age 
64 years (SD = 10)). Multivisceral resection was performed in 43 patients (30%) and 
laparoscopic resection was performed in 7 patients (5%). A major complication (Clavien-
Dindo grade ≥ 3) occurred in 46 patients (33%). Mean tumor size was 44 mm (SD = 23), 
and histopathological examination showed 70 R0 resections (50%), while 30-day and 
90-day mortality was 3 and 6%, respectively. Overall, 63 patients (45%) received adjuvant 
chemotherapy. Median survival was 17 months (interquartile range (IQR) = 13–21), 
with a median follow-up of 17 months (IQR = 8–29). Cumulative survival at 1, 3 and 5 
years was 64, 29, and 22%, respectively. Independent predictors of worse postoperative 
survival were R1/R2 resection (hazard ratio (HR) 1.6, 95% confidence interval (CI) = 
1.1–2.4), pT3/pT4 stage (HR = 1.9, 95% CI = 1.3–2.9), a major complication (HR = 
1.7, 95% CI = 1.1–2.5), and not receiving adjuvant chemotherapy (HR = 1.5, 95% CI = 
1.0–2.3). 

Conclusion. Survival after DP for PDAC is poor and is related to resection margin, tumor 
stage, surgical complications, and adjuvant chemotherapy. Further studies should assess 
to what extent prevention of surgical complications and more extensive use of adjuvant 
chemotherapy can improve survival. 



189

RETROSPECTIVE STUDY on DISTAL PANCREATECTOMY for PANCREATIC CANCER

X

INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is the fifth leading cause of cancer death and 
is associated with a dismal 5-year cumulative survival of 6%.1 PDAC is one of the most 
aggressive cancers and, to date, only surgery, in combination with adjuvant chemotherapy, 
has the potential to achieve long-term survival. Unfortunately, only a minority (15–20%) 
of patients are eligible for surgical resection at the time of diagnosis, mainly because of 
the late onset of nonspecific symptoms, resulting in the frequent presence of metastatic 
or locally advanced disease.2–4 Of the two main surgical procedures for PDAC, distal 
pancreatectomy (DP) has traditionally been considered less complicated (i.e. less 
complications, lower mortality) than pancreatoduodenectomy. Merely one-fifth of 
all pancreatic cancers is located in the pancreatic tail and, of these patients, 80% have 
unresectable disease due to metastasis or major vessel tumor invasion.4–7 

Of the patients who can undergo DP for PDAC, reports on survival in large cohorts 
are scarce, as opposed to pancreatoduodenectomy.8,9 This may be explained by the low 
volume characteristics of DP for PDAC. To date, two multicenter series on survival 
after DP for PDAC have been published. The first series from the United States found 
a median postoperative survival of 16 months, whereas a French study reported a 
median postoperative survival of 35 months.10,11 These series also assessed independent 
predictors of survival, but again with conflicting outcomes. Therefore, it is not yet clear 
how outcomes in these patients can potentially be improved. This multicenter study was 
designed to assess overall survival and predictors of survival after DP for PDAC. 

METHODS

PATIENTS AND DESIGN

This was a nationwide retrospective study including all consecutive adult patients who 
had undergone DP for PDAC in 1 of 17 pancreatic centers of the Dutch Pancreatic 
Cancer Group (DPCG) between 1 January 2005 and 1 September 2013. Each of these 
centers performs at least 20 pancreatoduodenectomies annually, as of 2007. Patients 
were excluded when postoperative histopathological diagnosis was not PDAC or when 
essential data on the surgical procedure or pathology report were lacking. This study was 
conducted according to the Strengthening the Reporting of Observational studies in 
Epidemiology (STROBE) statement.12 Data were registered anonymously and evaluated 
retrospectively, without burden for the patient. Therefore, according to the local Medical 
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Ethics Review Committee, informed consent was not required. Socioeconomic status was 
not considered to have any influence on access of care in this series as in the Netherlands 
every citizen is covered by a health insurance policy.

SURGICAL TECHNIQUE AND ONCOLOGIC TREATMENT REGIMEN

Preoperative chemotherapy or radiotherapy was not used within the current timeframe. 
DP was performed via an open or laparoscopic approach. In case of proven or suspected 
malignant disease, a subsequent splenectomy was generally performed. Routine 
lymphadenectomy was performed according to the International Study Group on 
Pancreatic Surgery (ISGPS) recommendations, and also before the ISGPS publication 
regarding standard lymphadenectomy.13 The pancreas was transected using either sharp 
transection or a stapling device. Additional sutures or an absorbable fibrin sealant patch 
were used in a small subset of patients at the discretion of the surgeon. In all patients, a 
surgical drain was placed near the pancreatic remnant and left subphrenic space. Patients 
received adjuvant chemotherapy when they were fit enough (according to the medical 
oncologist), and they chose to receive it. As of 2011, the Dutch guideline on pancreatic 
cancer advised the use of adjuvant gemcitabine after resection for PDAC.14 

DEFINITIONS

Multivisceral resection was defined as resection of any organ or a part of an organ besides 
the pancreas, spleen, and adrenal gland. Resection margins, including transection and 
circumferential margins, were classified as R0 (distance margin to tumor ≥ 11 mm), R1 
(distance margin to tumor < 1 mm), or R2 (macroscopically positive margin).15 PDAC 
stages were classified according to the American Joint Committee on Cancer (AJCC; 7th 
edition) staging by pT, pN, and pM stages, and overall cancer stages 1A, 1B, 2A, 2B, III, 
and IV.16 Postoperative complications were scored using the Clavien-Dindo classification 
of surgical complications,17 and major complications were defined as complications 
with a Clavien-Dindo grade ≥ 3. Additionally, specific complications such as grade B/C 
postoperative pancreatic fistula, delayed gastric emptying, and postpancreatectomy 
hemorrhage were all scored using the recommended ISGPS definitions.18–20 Surgical 
site infection was defined using the Centers for Disease Control and Prevention (CDC) 
definition.21 

OUTCOMES AND DATA COLLECTION

Data were collected from patient records and patient charts with daily notes. Baseline 
parameters collected included sex, age, body mass index, American Society of 
Anesthesiologists (ASA) physical status, history of abdominal surgery, and preoperative 
signs of ingrowth in adjacent organs. The primary study outcome was survival. Secondary 



191

RETROSPECTIVE STUDY on DISTAL PANCREATECTOMY for PANCREATIC CANCER

X

outcomes were intraoperative and postoperative parameters, such as splenectomy, 
multivisceral resection, procedure time, intraoperative blood loss, resection margins, 
lymph node retrieval, postoperative pancreatic fistula, delayed gastric emptying, 
postpancreatectomy hemorrhage, surgical site infection, intensive care unit admission, 
length of stay, readmission within 30 days, adjuvant chemotherapy, 30-day mortality, 90-
day mortality, and 1-, 3-, and 5-year cumulative survival. Complications were collected 
up to 90 days postoperatively. Clavien-Dindo morbidity scores were registered when they 
were recorded by the hospital where the patient was operated, while mortality rates were 
used to display all deaths within a mentioned timeframe. Survival data were collected in 
February 2015 for all patients using the municipal personal records database, a registry 
that contains the personal details of every Dutch inhabitant. 

STATISTICAL ANALYSIS

Data were analyzed using IBM SPSS version 20.0 (IBM Corporation, Armonk, New York, 
United States). Dichotomous data were expressed as proportions, and continuous data 
were expressed as means and standard deviations (SD) or medians and interquartile ranges 
(IQR), depending on their distribution. Dichotomous data were compared using a Chi-
square analysis, while continuous data were compared using an independent Student’s 
t test or Mann-Whitney U test as appropriate. Survival was assessed using Kaplan-
Meier analysis, from the date of DP until death or last moment of follow-up (censored 
observation). Comparison of subgroups (i.e. patients who received chemotherapy vs. 
patients who did not receive chemotherapy, and patients who underwent DP only vs. 
patients who underwent multivisceral resection) with regard to survival was performed 
using a log-rank test. Univariable and multivariable Cox regression analyses with 
backward selection were performed to identify predictors of survival. Parameters with 
a P-value < 0.1 in the univariable analysis were included in the multivariable analysis. 
Results of the univariable and multivariable analyses were expressed as hazard ratios 
(HR) with corresponding 95% confidence intervals (CI). A subgroup analysis comparing 
patients who received adjuvant chemotherapy with patients who did not receive adjuvant 
chemotherapy was performed. A two-tailed P-value < 0.05 was considered statistically 
significant.
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TABLE 1. Baseline characteristics of 141 patients undergoing distal pancreatectomy for 
pancreatic ductal adenocarcinoma.

Male sex 63 (45%)

Age, mean (SD), years 64 (10)

BMI, mean (SD), kg/m2 25 (4)

ASA physical status

1 16 (11%)

2 99 (70%)

3 23 (16%)

4 3 (2%)

Previous abdominal surgery 53 (38%)

Other organs involved on CT/MRI 29 (21%)

Stomach 9 (6%)

Spleen 7 (5%)

Kidney 4 (3%)

Intestine 4 (3%)

Two or more adjacent organs 5 (4%)

Outcomes are presented as numbers unless otherwise specified. Abbreviations: SD, standard deviation; ASA, 
American society of anaesthesiologists; PDAC, pancreatic ductal adenocarcinoma; CT, computed tomography; MRI, 
magnetic resonance imaging; IQR, interquartile range; DP, distal pancreatectomy.

RESULTS

PATIENT CHARACTERISTICS

In total, 761 patients had undergone DP within the study period, as described previously.22 
For this study, 620 patients were excluded: 616 patients because the histopathological 
diagnosis was other than PDAC, and 4 patients because data were lacking. Therefore, 141 
patients who had undergone DP for PDAC were included in this study (Table 1). The 
median annual volume increased from seven procedures in the first 3 years of the study 
period to 25 procedures in the last 3 years. 

INTRAOPERATIVE AND PATHOLOGY OUTCOMES

DP with splenectomy was performed in 124 patients (88%) and multivisceral resection 
was performed in 43 patients (30%), as shown in Table 2. Laparoscopic resection was 
performed in seven patients (5%). Median procedure time was 194 min (IQR = 150–
270), and median intraoperative blood loss was 800 ml (IQR = 495–1618). An absorbable 
fibrin sealant patch was used in 17 patients (12%). Pathology reports demonstrated a 
mean tumor size of 44 mm (SD = 23).
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TABLE 2. Operative and pathology outcomes of 141 patients undergoing distal 
pancreatectomy for pancreatic ductal adenocarcinoma 
Splenectomy 124 (88%)

Multivisceral resection 43 (30%)

Stomach 9 (6%)

Intestine 5 (4%)

Kidney/adrenal gland 5 (4%)

Vessel resection 5 (4%)

Other 4 (3%)

> 1 additional resection 15 (11%)

Procedure time, median (IQR), min 194 (150-270)

Blood loss, median (IQR), min 800 (495-1618)

Tumor size, mean (SD), mm 44 (23)

Resection margins

R0 70 (50%)

R0 in multivisceral resection 17 (40%)

R1 64 (45%)

R2 7 (5%)

Lymph nodes resected, median (IQR) 8 (4-14)

Positive lymph nodes resected, mean (SD) 1 (1)

pT stage

1 14 (10%)

2 70 (50%)

3 52 (37%)

4 5 (4%)

pN1 stage 74 (53%)

pM1 stage 4 (3%)

Cancer stage

1A 6 (4%)

1B 34 (24%)

2A 25 (18%)

2B 68 (48%)

3 4 (3%)

4 4 (3)

Outcomes are presented as numbers unless otherwise specified. Abbreviations: IQR, interquartile range; DP, distal 
pancreatectomy; PDAC, pancreatic ductal adenocarcinoma; SD, standard deviation.
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Microscopically radical transection and circumferential resection margins (R0 resection) 
were obtained in 70 patients (50%), of whom 17 patients had undergone multivisceral 
resection. The median number of resected lymph nodes, as shown in Table 2, was not 
influenced by hospital volume or the patient’s body mass index.

POSTOPERATIVE OUTCOMES

Details of the postoperative clinical course are shown in Table 3. Postoperatively, 33% of 
patients (n = 46) developed a major complication. A postoperative pancreatic fistula grade 
B/C occurred in 24 patients (17%). Median length of stay was 10 days (IQR = 8–15). 
Postoperative 30-day and 90-day mortality were 3% (n = 4) and 6% (n = 9), respectively. 
Three patients (2%) died within 90 days postoperatively for unknown reasons, which 
was not recorded by the hospital where these patients were operated. In total, 63 patients 
(45%) received adjuvant chemotherapy.

TABLE 3. Postoperative outcomes of 141 patients undergoing distal pancreatectomy for 
pancreatic ductal adenocarcinoma.
Major complications 46 (33%)

Clavien-Dindo 3 35 (25%)

Clavien-Dindo 4 5 (4%)

Clavien-Dindo 5 6 (4%)

Postoperative pancreatic fistula grade B/C 24 (17%)

Delayed gastric emptying grade B/C 25 (18%)

Postpancreatectomy hemorrhage grade B/C 6 (4%)

Surgical site infection 18 (13%)

Intensive care unit admission 24 (17%)

Length of intensive care unit stay, median (IQR), days 2 (2-8)

Length of stay, median (IQR), days 10 (8-15)

Readmission within 30 days 25 (18%)

Adjuvant chemotherapy 63 (45%)

Mortality ≤ 30 days postoperatively 4 (3%)

Mortality ≤ 90 days postoperatively 9 (6%)

Outcomes are presented as numbers unless otherwise specified. Abbreviations: IQR, interquartile range; DP, distal 
pancreatectomy; PDAC, pancreatic ductal adenocarcinoma.
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SURVIVAL

Median follow-up was 17 months (IQR = 8–29), and no patients were lost to follow-up 
for survival. In this cohort, 100 patients died and 41 patients were censored for survival 
analysis. Postoperative median survival was 17 months (95% CI = 13–21), while 1-, 
3-, and 5-year cumulative survival were 64, 29, and 22% respectively. Survival did not 
differ between patients who did and did not undergo splenectomy. Survival was worse 
in patients who had undergone DP with multivisceral resection (10 months (95% 
CI = 6–15) vs. 22 months (95% CI = 17– 27), P < 0.01). In the univariable analyses, 
multivisceral resection, R1/R2 resection, PT3 stage, a major complication, and not 
receiving adjuvant chemotherapy were associated with worse survival. 

In the multivariable analysis, R1/R2 resection, pT3/pT4 stage, a major complication, and 
not receiving adjuvant chemotherapy were significant predictors of worse survival (Table 
4). Adding sex and age to the multivariable Cox regression analysis did not change the 
statistical significance of the included variables.

 

FIGURE 1. Kaplan–Meier curve of the cumulative survival probability after distal 
pancreatectomy for pancreatic ductal adenocarcinoma. 
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TABLE 4. Univariable and multivariable Cox regression analyses for predictors of survival 
after distal pancreatectomy for pancreatic ductal adenocarcinoma

Variable

Univariable analysis Multivariable analysis

HR (95% CI) p-value HR (95% CI) p-value

Female sex 0.88 (0.59-1.31) 0.52 - -

Age > 70 years 1.30 (0.85-1.99) 0.22 - -

ASA physical status 3/4 1.06 (0.64-1.77) 0.82 - -

Tumor size, cm 1.03 (0.96-1.11) 0.39 - -

Laparoscopic approach 1.31 (0.57-3.00) 0.52 - -

Multivisceral resection 2.04 (1.35-3.09) < 0.01 -* -*

R1/R2 resection 1.81 (1.22-2.70) < 0.01 1.61 (1.08-2.41) 0.02

No. of tumor positive lymph nodes 1.06 (0.94-1.18) 0.35 - -

pN1 stage 1.41 (0.95-2.10) 0.09 -* -*

pT3/pT4 stage 3.84 (1.71-8.60) < 0.01 1.92 (1.29-2.88) < 0.01

Major complication 1.74 (1.16-2.62) 0.01 1.67 (1.10-2.51) 0.02

No adjuvant therapy 1.89 (1.23-2.90) < 0.01 1.51 (1.01-2.26) 0.045

*Included in the multivariable analysis, but removed during backward selection. Abbreviations: DP, distal 
pancreatectomy; PDAC, pancreatic ductal adenocarcinoma; ASA, American score of anaesthesiologists; HR, hazard 
ratio; CI, confidence interval.

SUBGROUP ANALYSIS

Patients who received adjuvant chemotherapy (n = 63) did not differ from those patients 
who did not receive adjuvant chemotherapy (n = 78) with regard to male sex (34 (54%) 
patients vs. 44 (56%) patients, P = 0.77), mean age (63 (SD = 11) vs. 65 (SD = 9) years, P = 
0.43), ASA physical status 1/2 (51 (81%) patients vs. 64 (82%) patients, P = 0.87), tumor 
stage (pT1, 9 (14%) vs. 5 (6%) patients; pT2, 33 (52%) vs. 37 (47%) patients; pT3, 19 
(30%) vs. 33 (52%) patients; and pT4, 2 (3%) vs. 3 (4%) patients, P = 0.29), the presence 
of lymph node metastases (33 (52%) patients vs. 41 (53%) patients, P = 0.98), or tumor 
size (43 vs. 44 mm, P = 0.68). Patients with a major complication (n = 46) were less likely 
to receive adjuvant chemotherapy compared with patients without a major complication 
(n = 95) (14 (30%) patients vs. 49 (51%) patients, P = 0.02). Furthermore, a major 
complication was a predictor of not receiving adjuvant chemotherapy in a multivariable 
logistic regression analysis (odds ratio 2.4, 95% CI = 1.2–1.3, P = 0.02), in which sex, age, 
ASA physical status, and a major complication were included (a laparoscopic approach 
had a P-value < 0.2 in a univariable analysis and was therefore not included in the 
multivariable analysis). After publication of the Dutch guideline on pancreatic cancer in 
2011, more patients received adjuvant chemotherapy (30/48 (63%) vs. 33/93 (35%), P 
< 0.01). Patients who received adjuvant chemotherapy had a significantly better median 
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survival than patients who did not receive adjuvant chemotherapy (23 months (95% 
CI = 17–29) vs. 12 months (95% CI = 6–18), P < 0.01). Tumor size and tumor stage 
were not associated with the likelihood of undergoing splenectomy (data not shown). 
In a sensitivity analysis, excluding the laparoscopic procedures did not lead to significant 
changes in operative time, blood loss, major complication rate, radical resection rate, or 
survival  (data not shown).

DISCUSSION

This multicenter study on DP for PDAC showed a 33% major complication rate, a 3% 
30-day mortality, a 6% 90-day mortality rate, a 5-year cumulative survival of 22%, and 
a median survival of 17 months. Independent predictors of survival were an R1/R2 
resection, a pT3/pT4 stage tumor, a major complication, and not receiving adjuvant 
chemotherapy. These predictors can guide future studies aimed at improving survival. 

Survival in this series was comparable with a recent multicenter series on DP for 
PDAC from the US, reporting a median survival of 16 months in 212 patients from 
nine centers (2000–2008).10 Median survival after DP for PDAC in the recent French 
series was 35 months among 261 patients from 28 centers (2004–2009), surprisingly 
better than reported elsewhere.10,11,23,24 However, time of death was based on hospital 
records rather than municipal records in that study, and information bias may therefore 
explain the marked contrast. Although the reported survival could also be related to a 
different patient selection process or strict adherence to the radical antegrade modular 
pancreatosplenectomy (RAMPS) technique, details on both aspects are lacking in the 
report.11,25 The radical (R0) resection rate in our series was low compared with the 
literature, possibly due to the strict definition for R0 resection, including also a C 1 mm 
circumferential resection margin.10,11 Enhanced adherence to the RAMPS technique 
could further improve the rate of R0 resection and hence increase survival. In our series, 
the median number of resected lymph nodes was also comparable with the literature and 
was not related to average case-volume or the patient’s body mass index.10 

During the study period, only 45% of all patients received adjuvant chemotherapy, 
compared with 69% in the series from the United States and 71% in the French series.11,23 
This might be due to the early years of the study period, as, in the Netherlands, adjuvant 
chemotherapy was only considered standard treatment after August 2011. In 2012 and 
2013, the number of patients receiving adjuvant chemotherapy increased to 63%. Despite 
the overall higher proportion of patients receiving adjuvant chemotherapy in the series 
from the US, similar survival outcomes were reported.10 As patients who experienced 
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a major complication after DP were less likely to receive adjuvant chemotherapy, it is 
important to focus on preventing surgical complications. Potentially, a laparoscopic 
approach could achieve this, although evidence from randomized studies is lacking.20 
We could not assess the influence of neoadjuvant chemotherapy or radiotherapy on 
outcomes such as blood loss, resection margins, or mortality, as these treatments were 
not used within the current study period. Future studies therefore need to determine its 
impact. 

In the current series, as well as in previously published series, incomplete (R1/R2) 
resection, pT3/T4 stage, and not receiving adjuvant chemotherapy were significant 
predictors of worse survival after surgery.10,11,23,24,26 These results highlight the need for 
improved surgical technique, patient selection, and attention for adjuvant chemotherapy. 
Because of the influence of receiving chemotherapy on survival probability, high-quality 
research on (neo-)adjuvant treatment for patients undergoing surgery because of PDAC is 
warranted. Only one article described multivisceral resections (21% of all included DPs) 
and, in their series, after univariable analysis, multivisceral resection was associated with 
worse postoperative survival (P < 0.01);11 however, no quantity of survival worsening, 
such as median survival or cumulative survival, was given. Therefore, it is unknown how 
much a multivisceral resection contributes to poor life expectancy (Figure 1). 

In the current series, postoperative morbidity and hospital stay were comparable 
with reported outcomes in the literature.27 This included a 33% postoperative major 
complication rate, a 17% postoperative pancreatic fistula rate, and a median hospital stay 
of approximately 10 days. The 90-day mortality rate of 6% is relatively high compared with 
the literature, but some previous series reported mortality up to 6.3%.27,28 Nonetheless, 
this should be considered the upper limit of acceptable mortality after DP. Given the 
low number of DPs for PDAC per center in both this and previous series, it could be 
questioned whether centralization of DPs could improve short-term postoperative 
outcomes, as has been shown for pancreatoduodenectomy.29 Pancreatic surgery has been 
centralized in the Netherlands as of 2007.29 As a consequence, in the first 3 years of this 
study some patients may have undergone DP in hospitals other than those of the DPCG. 
However, due to low case-volumes during this period, the total number of missed patients 
is expected to be very low. 

A limitation of this study is its retrospective design, with the risk of information bias, such 
as underreporting of study outcomes. Nevertheless, the primary outcome of this study, 
i.e. survival, is highly reliable since it was recorded using the municipal personal records 
database. 
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CONCLUSION

Survival after DP for PDAC is poor. Independent predictors of postoperative survival 
were incomplete tumor resection, advanced tumor stage, major surgical complications, 
and not receiving adjuvant chemotherapy. This nationwide series on DP for DPAC 
highlights the importance of preventing surgical complications, improving surgical 
technique, and the use of adjuvant chemotherapy. Future prospective studies should 
determine the extent to which these aforementioned measures can improve survival. 
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ABSTR ACT

Objective. The aim of this study was to compare oncological outcomes after minimally 
invasive distal pancreatectomy (MIDP) with open distal pancreatectomy (ODP) in 
patients with pancreatic ductal adenocarcinoma (PDAC).

Background. Cohort studies have suggested superior short-term outcomes of MIDP vs. 
ODP. Recent international surveys, however, revealed that surgeons have concerns about 
the oncological outcomes of MIDP for PDAC. 

Methods. This is a pan-European propensity score matched study including patients who 
underwent MIDP (laparoscopic or robot-assisted) or ODP for PDAC between January 
1, 2007 and July 1, 2015. MIDP patients were matched to ODP patients in a 1:1 ratio. 
Main outcomes were radical (R0) resection, lymph node retrieval, and survival. 

Results. In total, 1212 patients were included from 34 centers in 11 countries. Of 356 
(29%) MIDP patients, 340 could be matched. After matching, the MIDP conversion 
rate was 19% (n = 62). Median blood loss (200 ml (60–400) vs. 300 ml (150–500), P = 
0.001) and hospital stay (8 (6–12) vs. 9 (7–14) days, P < 0.001) were lower after MIDP. 
Clavien-Dindo grade 3 complications (18% vs. 21%, P = 0.431) and 90-day mortality 
(2% vs. 3%, P > 0.99) were comparable for MIDP and ODP, respectively. R0 resection 
rate was higher (67% vs. 58%, P = 0.019), whereas Gerota’s fascia resection (31% vs. 60%, 
P < 0.001) and lymph node retrieval (14 (8–22) vs. 22 (14–31), P < 0.001) were lower 
after MIDP. Median overall survival was 28 (95% confidence interval (CI) = 22–34) vs. 
31 (95% CI = 26–36) months (P = 0.929). 

Conclusions. Comparable survival was seen after MIDP and ODP for PDAC, but the 
opposing differences in R0 resection rate, resection of Gerota’s fascia, and lymph node 
retrieval strengthen the need for a randomized trial to confirm the oncological safety of 
MIDP. 
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INTRODUCTION

Minimally invasive distal pancreatectomy (MIDP) was introduced in 1994.1 Several 
systematic reviews of cohort studies have suggested superior short-term outcomes of 
MIDP, defined as either laparoscopic or robot-assisted distal pancreatectomy (DP), 
compared with open distal pancreatectomy (ODP) for non-malignant pancreatic 
diseases, without increasing costs.2–11 The most important advantages of MIDP include 
less intraoperative blood loss and shorter postoperative hospital stay. However, the 
oncological safety in terms of resection margins, adequate lymphadenectomy, and 
survival after MIDP in the treatment of pancreatic ductal adenocarcinoma (PDAC) 
remains controversial. 

A recent Cochrane review including 11 studies and a total of 1506 patients with PDAC 
of the pancreatic body or tail showed comparable rates of non-radical (R1/R2) resection 
margins, tumor recurrence, and survival after MIDP and ODP.12 Importantly, randomized 
controlled trials were lacking and most studies were single-center and retrospective, 
leading to concerns about the impact of treatment allocation bias. Further concerns 
regarding the oncological outcomes of MIDP for patients with PDAC were raised in 
2 recent international surveys.13,14 Almost one-third of European pancreatic surgeons 
considered MIDP inferior to ODP regarding oncological outcomes and a worldwide 
survey showed that 21% of pancreatic surgeons considered PDAC a contraindication for 
a minimally invasive aproach.13,14 Surgeons may doubt whether the essential components 
of an adequate oncological resection during DP (i.e. radical resection margins, resection 
of Gerota’s fascia, and sufficient lymphadenectomy) are equally well obtained during 
MIDP compared with ODP. 

In 2015, a group of European surgeons initiated the European consortium for Minimally 
Invasive Pancreatic Surgery (E-MIPS) to facilitate safe implementation of minimally 
invasive pancreatic surgery. This group designed the DIPLOMA (Distal Pancreatectomy, 
minimally invasive or open for malignancy) pan-European propensity score-matched 
study, which aims to compare short- and long-term outcomes after MIDP and ODP in 
patients with PDAC with a focus on resection margins, lymphadenectomy, and survival. 
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METHODS

This study was performed according to the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) guidelines.15 The ethics committee of the Academic 
Medical Center waived the need for informed consent because of the observational study 
design. 

DESIGN AND PATIENTS

This pan-European retrospective cohort study was performed among E-MIPS centers. 
All consecutive patients who underwent DP (minimally invasive or open) with a 
histopathological diagnosis of PDAC between January 1, 2007 and July 1, 2015 were 
screened for inclusion. Patients were excluded if they had a previous pancreatic resection, 
if distant metastases were present, if the tumor involved the celiac trunk or when the 
tumor only became resectable after down staging with neoadjuvant therapy. Patients 
were categorized according to the method of surgery: MIDP or ODP. 

DEFINITIONS

MIDP was defined as laparoscopic or robot-assisted surgery. PDAC was defined 
according to the WHO classification of pancreatic tumors, which includes mucinous 
non-cystic carcinomas, signet ring cell carcinomas, adenosquamous carcinomas, 
undifferentiated (anaplastic) carcinomas, undifferentiated carcinomas with osteoclast-
like giant cells, and mixed ductal-endocrine carcinomas.16 MIDP conversion was defined 
as any laparotomy for other reasons than trocar placement or specimen extraction. 
Postoperative complications were classified using the Clavien-Dindo classification.17 
Major complications were defined as Clavien-Dindo grade ≥ 3. The definitions for 
pancreatic surgery-specific complications of the International Study Group on Pancreatic 
Surgery (ISGPS) were used to score postoperative pancreatic fistula (POPF), delayed 
gastric emptying (DGE), and postpancreatectomy hemorrhage (PPH).18–20 Only ISGPS 
grade B/C complications were collected. Surgical site infection (SSI) was defined using 
the Centers for Disease Control and Prevention definition.21 Resection margins, including 
transection and circumferential margins, were categorized into: R0 (distance margin 
to tumor ≥ 1 mm), R1 (distance margin to tumor < 1 mm), and R2 (macroscopically 
positive margin) according to the Royal College of Pathologists definition.22 

DATA COLLECTION

All 34 participating centers received a blank database containing all parameters (including 
definitions) of interest. The data were collected locally by each participating center and 
combined centrally by the study coordinators. All participating centers also received a 
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survey regarding the method of local data collection (e.g. type of database used) and 
annual volumes. Baseline characteristics collected included sex, age, body mass index 
(BMI, kg/m2), previous abdominal surgery, American Society of Anesthesiologists 
(ASA) physical status, and administration of neoadjuvant chemo- and/or radiotherapy. 
Preoperative imaging was reviewed for tumor location, tumor size (mm), and tumor 
involvement of other organs. Collected outcomes were procedure type (open, minimally 
invasive), conversion and reason for conversion, operative time (minutes), blood loss 
(ml), splenectomy, resection of Gerota’s fascia, adrenalectomy, additional organ resection 
(beyond adrenalectomy and splenectomy), vascular resection (beyond resection of the 
splenic vessels), tumor size (mm), overall and tumor positive lymph node retrieval, 
tumor and lymph node stage, involvement of resection margin, lymphovascular and 
perineural invasion, major complications, POPF, DGE, PPH, SSI, length of hospital stay 
(days), readmission, 90-day mortality, adjuvant chemotherapy, time until start adjuvant 
chemotherapy (days), and overall survival (months). Complications, readmissions, 
and mortality were all collected up to 90 days postoperatively. Overall survival was, 
depending on the center, either collected from patient records, municipal personal 
records database, or by personal contact with patient or family. All data were stored and 
processed anonymously. 

MATCHING

To minimize the impact of treatment allocation bias, MIDP patients were matched to 
ODP patients using propensity scores. Multivariable logistic regression was performed 
to estimate the propensity to undergo MIDP for all patients, regardless of the actual 
treatment received. Propensity scores were based on baseline variables age, sex, BMI, 
ASA physical status, previous abdominal surgery, neoadjuvant therapy, year of surgery 
and tumor size, involvement of other organs, and tumor location on preoperative 
imaging. Nearest neighbor matching was performed in a 1:1 ratio without replacement 
and a caliper width of 0.01 standard deviation (SD) was specified. To be able to calculate 
propensity scores for all patients, missing baseline variables were imputed using single 
imputation based on predictive mean matching. 

STATISTICAL ANALYSIS

Data were analyzed using IBM SPSS Statistics for Windows version 24.0 (IBM Corp., 
Armonk, NY) and R Statistical Software version i386 3.3.3 (Foundation for Statistical 
Computing, Vienna, Austria). Analyses were performed according to the intention-to-
treat principle. Before matching normally distributed continuous data are presented 
as means with SD and were compared using the 2 independent samples t-test. Non-
normally distributed continuous data are presented as medians with interquartile ranges 
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and were compared using the Mann-Whitney U test. Categorical data are presented as 
frequencies with percentages, and were compared using the Chi-square or Fisher exact 
test, as appropriate. Survival curves were plotted according to the Kaplan-Meier method 
and comparison of survival probabilities was performed using the log-rank test and a Cox 
proportional hazards model. After matching, normally distributed continuous data were 
compared using the paired samples t-test.23 For non-normally distributed continuous 
data, the Wilcoxon signed rank test was used. Categorical data were compared using the 
McNemar’s test. Comparison of survival probabilities after matching was performed 
using a stratified log-rank and a Cox proportional hazards model with shared frailty.24 
Sensitivity analyses were performed by excluding patients who received neoadjuvant 
therapy and by excluding patients who did not receive a splenectomy. To study the effect 
of time, a subgroup analysis was performed comparing different time intervals. A P-value 
< 0.05 was considered statistically significant. 

RESULTS

PARTICIPATING CENTERS

The survey showed that participating centers performed a median of 93 (IQR = 59–
165) pancreatic resections per year, including, a median of 30 (IQR = 20–59) distal 
pancreatectomies (all indications), 14 (IQR = 6–25) distal pancreatectomies for PDAC 
and 15 (IQR = 10–26) MIDPs (all indications). Of all participating centers, 4 did not 
perform MIDP during the study period. 

TOTAL COHORT

In total, 1297 patients were screened, of whom 85 were excluded for reasons shown in 
Figure 1, leaving 1212 patients for analysis. The total cohort consisted of 356 MIDPs 
(29%) of which 16 (4%) were robot-assisted distal pancreatectomies, as shown in Table 
1 (total cohort). Tumor involvement of other organs was less often seen on preoperative 
imaging in the MIDP group (6% vs. 13%, P = 0.001) and less neoadjuvant chemotherapy 
was used in the MIDP group (3% vs. 11%, P < 0.001). Intraoperative outcomes are 
presented in Table 2 (total cohort). Conversion from MIDP to ODP occurred in 65 
patients (18%). Postoperative length of hospital stay was shorter after MIDP (median 8 
(IQR = 5–12) vs. 9 (IQR = 7–14) days, P < 0.001). All pathology outcomes are shown in 
Table 3 (total cohort). The median amount of retrieved lymph nodes was lower for MIDP 
compared with ODP (14 (IQR = 8–22) vs. 18 (IQR = 11–28) nodes, P < 0.001) (Table 
3, total cohort). The R0 resection rate was higher after MIDP compared with ODP (67% 
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vs. 60%, P = 0.015). All postoperative outcomes are shown in Table 4 (total cohort). The 
overall survival curve stratified by procedure type is shown in supplementary Figure 1, 
and can be accessed through: http://links.lww.com/SLA/B331.

 

FIGURE 1. Flow-chart of patient inclusion.
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TABLE 1. Baseline characteristics.

Characteristic

TOTAL COHORT MATCHED COHORT*

MIDP  
(n = 356)

ODP  
(n = 856) P

MIDP  
(n = 340)

ODP  
(n = 340) P

Female, n (%)
Unknown

170 (48)
-

431 (50)
-

0.410 164 (48)
-

157 (46)
-

0.646

Age, y, mean (SD)
Unknown, n (%)

68 (10)
-

68 (10)
1 (0)

0.752 68 (10)
-

68 (10)
-

0.851

BMI, kg/m2, median (IQR)
Unknown

25 (23 – 28)
65 (18)

25 (22 – 28)
116 (14)

0.446 25 (23 – 28)
-

25 (22 – 28)
-

0.800

Previous abdominal surgery, 
n (%)

Unknown
92 (34)
83 (23)

293 (40)
124 (14)

0.066 124 (36)
-

135 (40)
-

0.396

ASA physical status, n (%)
1
2
3
4
Unknown

29 (8)
216 (63)
97 (28)

1 (0)
13 (4)

58 (7)
487 (62)
230 (29)

10 (1)
71 (8)

0.418
29 (9)

211 (62)
97 (29)

3 (1)
-

32 (9)
216 (64)
88 (26)

4 (1)
-

0.497

Tumor location, n (%)
Body
Body-tail junction
Tail
Unknown

150 (51)
17 (6)

127 (43)
62 (17)

451 (57)
59 (7)

279 (35)
67 (8)

0.05
178 (52)
22 (6)

140 (41)
-

188 (55)
26 (9)

143 (42)
-

0.097

Tumor size on imaging, mm, 
median (IQR)

Unknown
30 (21 – 40)

91 (26)
30 (21 – 41)

188 (22)
0.060 30 (21 – 40)

-
30 (20 – 40)

-
0.250

Involvement of other organs on 
imaging, n (%)

Unknown
17 (6)

79 (22)
108 (13)
44 (5)

0.001 26 (8%)
-

28 (8%)
-

0.871

Neoadjuvant therapy, n (%)
Chemotherapy
Unknown
Radiotherapy
Unknown

10 (3)
5 (1)
4 (0)
7 (2)

88 (11)
19 (2)
16 (2)
18 (2)

<0.001
0.352

11 (3)
-

4 (1)
-

18 (5)
-

7 (2)
-

0.143
0.549

ASA indicates American Society of Anaesthesiologists; BMI, body mass index; IQR, interquartile range; MIDP, 
minimally invasive distal pancreatectomy; ODP, open distal pancreatectomy; SD, standard deviation. *For the matched 
cohort all baseline data is known due to imputation, as described in the methods section.

MATCHED COHORT

Of all MIDPs, 96% could be matched successfully to an ODP control. As shown in 
Table 1 (matched cohort), significant differences in baseline characteristics were no 
longer present after matching. Table 2 (matched cohort) shows intraoperative outcomes. 
Conversion from MIDP to ODP occurred in 62 patients (19%). Median blood loss was 
lower during MIDP (200 (IQR = 60–400) vs. 300 (IQR = 150–500) ml, P = 0.001). 
Splenectomy (93% vs. 97%, P = 0.01), resection of Gerota’s fascia (31% vs. 60% patients, 
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P < 0.001), and vascular resections (6% vs. 11%, P = 0.012) were performed less 
frequently during MIDP compared with ODP. An adrenal gland resection was more often 
performed during MIDP (11% vs. 6%, P = 0.029). Table 3 (matched cohort) shows that 
the median lymph node retrieval was less during MIDP (14 (IQR = 8–22) vs. 22 (IQR 
= 14–31) nodes, P < 0.001), the lymph node ratio was comparable between both groups 
(0.06 (IQR = 0–0.18) vs. 0.08 (IQR = 0–0.17), P = 0.403), whereas the R0 resection 
rate was higher in the MIDP group (67% vs. 58%, P = 0.019). Lymphovascular tumor 
invasion (56% vs. 71% patients, P < 0.001) and perineural tumor invasion (63% vs. 75% 
patients, P < 0.001) were less often seen in the MIDP group. No statistical significant 
differences in postoperative complications between MIDP and ODP were seen (Table 
4, matched cohort). MIDP was associated with shorter postoperative hospital stay 
compared with ODP (8 (IQR = 6–12) vs. 9 (IQR = 7–14) days, P < 0.001). The median 
follow-up time was 13 (range = 0–84) months. Median overall survival was comparable 
for both procedures (28 (95% confidence interval (CI) = 22–34) vs. 31 (95% CI = 26–
36) months, P = 0.774). The hazard ratio was 1.025 (95% CI = 0.75–1.27) for MIDP 
compared with ODP (P = 0.85) (Figure 2). 

SENSITIVITY ANALYSES

No difference in pathology outcomes and survival was seen after excluding patients who 
received neoadjuvant therapy (Supplementary Table 1, http://links.lww.com/SLA/
B331). Excluding patients after DP without splenectomy did not alter radicality and 
survival outcome (Supplementary Table 2, http://links.lww.com/ SLA/B331), whereas 
the differences in number of retrieved lymph nodes remained (MIDP 14 (8–22) vs. ODP 
22 (15–31), P < 0.001). 

EFFECT OF TIME

The matched cohort was divided in 3 different time periods (2006–2011, 2012–2013, 
and 2014–2015) leaving 3 subgroups with a comparable number of MIDP and ODP 
patients (Supplementary Table 3, http://links.lww.com/SLA/B331). Results show an 
increase in robot-assisted procedures (3% to 7%) and an increase of splenectomies in 
the MIDP group (88% to 93%). The conversions did not differ between time periods. 
Number fascia resections increased from 18% to 30% and number of resections from 3% 
to 12% in the MIDP group. No clear in surgical technique and pathology outcomes in the 
ODP group were seen. 
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TABLE 2. Operative outcomes.

Outcome

TOTAL COHORT MATCHED COHORT*

MIDP  
(n = 356)

ODP  
(n = 856) P

MIDP  
(n = 340)

ODP  
(n = 340) P

Robot-assisted DP, n (%)
Unknown

16 (4)
-

-
-

- 16 (5)
-

-
-

-

Conversion, n (%)
Unknown
Because of bleeding
Tumor advancement
Vascular involvement
Insufficient overview
Technical reason
Adhesions
Unknown

65 (18)
-

17 (26)
15 (23)
17 (26)
4 (6)
3 (5)
1 (2)

8 (12)

-
-
-
-
-
-
-
-
-

- 62 (19)
-

17 (27)
13 (21)
16 (26)
4 (6)
3 (5)
1 (2)

8 (13)

- -

Operative time, min, median 
(IQR)

Unknown
239 (180–290)

14 (4)
240 (182–297)

27 (3)
0.520 240 (180–295)

23 (7)
230 (178–286)

23 (7)
0.626

Operative blood loss, ml, 
median (IQR)

Unknown
200 (50–400)

74 (21)
300 (150–600)

336 (39)
< 0.001 200 (60–400)

160 (47)
300 (150–500)

160 (47) 0.001

Splenectomy, n (%)
Unknown

328 (92)
-

828 (97)
1 (0)

<0.001 315 (93)
-

331 (97)
-

0.010

Gerota’s fascia resection, 
n (%)

Unknown
77 (30)
96 (27)

289 (41)
146 (17)

0.002 66 (31)
124 (36)

129 (60)
124 (36) < 0.001

Adrenal gland resection, 
n (%)

Unknown
33 (11)
51 (14)

65 (8)
31 (4)

0.165 29 (11)
71 (21)

15 (6)
71 (21)

0.029

Additional organ resection**, 
n (%)

Unknown
Cholecystectomy
Nephrectomy (partial)
Colectomy (partial)
Small bowel (partial)
Gastrectomy (partial)
Unknown

41 (12)
27 (8)

4
6
14
7
10
2

133 (16)
29 (3)

16
14
44
21
63
2

0.120 33 (11)
52 (15)

3
5
10
6
10
2

35 (12)
52 (15)

1
5
14
3
17
1

0.901

Vascular resection***, n (%)
Unknown
Portomesenteric vein

19 (5)
-

12 (63)

92 (11)
-

78 (85)

0.003 19 (6)
-

12 (53)

38 (11)
-

34 (68)

0.012

DP indicates distal pancreatectomy; IQR, interquartile range; MIDP, minimally invasive distal pancreatectomy; ODP, 
open distal pancreatectomy. *Due to the use of paired tests, analyses could only be performed on data of complete 
pairs.  **Procedure with additional organ resection besides DP, splenectomy or adrenalectomy. In some procedures 
multiple organ resections were performed. ***Procedure with additional vascular resection besides splenic vessels. 
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TABLE 3. Pathology.

Characteristic

TOTAL COHORT MATCHED COHORT*

MIDP  
(n = 356)

ODP  
(n = 856) P

MIDP  
(n = 340)

ODP  
(n = 340) P

Tumor size, mm, median (IQR)
Unknown

34 (25–45)
10 (3)

34 (23–47)
41 (5)

0.690 35 (25–45)
23 (7)

30 (23–45)
23 (7)

0.970

Tumor stage
T1
T2
T3
T4
Unknown

24 (7)
58 (17)

257 (74)
10 (3)
7 (2)

75 (9)
100 (12)
597 (74)

37 (5)
47 (5)

0.100
22 (7)
54 (16)

242 (74)
10 (3)
12 (4)

27 (8)
46 (14)

239 (73)
16 (5)
12 (4)

0.917

Lymph node stage
N0
N1
Unknown

153 (44)
198 (56)

5 (1)

296 (36)
530 (64)

30 (4)

0.012
147 (44)
184 (56)

9 (3)

112 (34)
219 (66)

9 (3)

0.007

Lymph nodes retrieved, median 
(IQR)
Tumor positive lymph nodes, 
median (IQR)
Lymph node ratio, median (IQR)

Unknown

14 (8–22)

1 (0–2)
0,06 (0–0.18)

6 (2)

18 (11–28)

1 (0–3)
0,07 (0–0.17)

23 (3)

< 0.001

< 0.001
0.137

14 (8–22)

1 (0–2)
0.06 (0–0.18)

9 (3)

22 (14–31)

2 (0–4)
0.08 (0–0.17)

5 (1)

< 0.001

< 0.001
0.403

R0 resection**, n (%)
Unknown

235 (67)
7 (2)

501 (60)
18 (2)

0.015 218 (67)
14 (4)

188 (58)
14 (4)

0.019

Lymphovascular invasion, n (%)
Unknown

183 (56)
28 (8)

508 (65)
80 (9)

0.002 164 (56)
46 (14)

210 (71)
46 (14)

< 0.001

Perineural invasion, n (%)
Unknown

236 (72)
28 (8)

648 (82)
62 (7)

<0.001 214 (63)
43 (13)

255 (75)
43 (13)

< 0.001

IQR indicates interquartile range; MIDP, minimally invasive distal pancreatectomy; ODP, open distal pancreatectomy.
*Due to the use of paired tests, analyses could only be performed on data of complete pairs. **Defined as a 
microscopic radical resection, with a distance from tumor to margin  ≥ 1 mm.

DISCUSSION

This large pan-European retrospective propensity score matched cohort study on MIDP 
vs. ODP for PDAC confirms short-term clinical advantages of MIDP, more specifically 
in terms of less intraoperative blood loss and shorter postoperative hospital stay. Overall 
survival was comparable after both procedures. However, the oncological safety of 
MIDP for PDAC remains unclear, as despite higher R0 resection rates, Gerota’s fascia 
was resected less often and lymph node retrieval was lower in MIDP. Propensity score 
matching did not influence these results, but this does not completely exclude the 
presence of treatment allocation bias. 
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TABLE 4. Postoperative outcomes.

Characteristic

COMPLETE COHORT MATCHED COHORT

MIDP  
(n = 356) 

ODP  
(n = 856) P

MIDP  
(n = 340)

ODP  
(n = 340) P

Clavien-Dindo score ≥ 3 
complication, n (%)

Unknown
62 (17)
0 (0)

186 (22)
1 (0)

0.088 61 (18)
0 (0)

70 (21)
0 (0)

0.431

POPF grade B/C*, n (%)
Unknown

67 (19)
1 (0)

163 (19)
2 (0)

0.931 65 (19)
1 (0)

67 (20)
1 (0)

0.921

DGE grade B/C**, n (%)
Unknown

8 (2)
33 (9)

62 (7)
18 (2)

0.002 8 (3)
30 (9)

17 (5)
30 (9)

0.108

PPH grade B/C**, n (%)
Unknown

15 (5)
29 (8)

29 (3)
18 (2)

0.365 15 (5)
26 (8)

16 (5)
26 (8)

> 0.999

Surgical site infection, n (%)
Unknown

4 (1)
50 (14)

34 (4)
18 (2)

0.022 4 (1)
46 (14)

9 (3)
46 (14)

0.267

Length of hospital stay, d, median 
(IQR)

Unknown
8 (5–12)

3 (1)
9 (7–14)

13 (2) < 0.001
8 (6–12)

7 (2)
9 (7–14)

7 (2) < 0.001

Readmission, n (%)
Unknown

41 (13)
36 (10)

113 (14)
53 (6)

0.580 38 (13)
44 (13)

41 (14)
44 (13)

0.804

90-day mortality, n (%)
Unknown

8 (2)
7 (2)

28 (4)
73 (9)

0.256 7 (2)
41 (12)

8 (3)
41 (12)

> 0.999

Adjuvant chemotherapy, n (%)
Unknown

Time until start of adjuvant 
chemotherapy, d, median (IQR)

Unknown

226 (74)
51 (14)

54 (41–69)
118 (52)

482 (73)
195 (23)

57 (43–71)
262 (54)

0.700 165 (76)
122 (36)

54 (41–67)
315 (93)

159 (73)
122 (36)

57 (45–69)
315 (93)

0.561
0.778

IQR, interquartile range; MIDP, minimally invasive distal pancreatectomy; ODP, open distal pancreatectomy. *According 
to the International Study Group on Pancreatic Fistula definition. ** According to the International Study Group on 
Pancreatic Surgery definition.

Three matched cohorts specifically focusing on MIDP vs. ODP for patients with PDAC 
have been published. One study in 102 patients used propensity score matching and 2 
studies in 51 and 93 patients used case matching.25–27 Reduced length of hospital stay 
after MIDP was reported in 2 studies and less intraoperative blood loss in 1 study.25,27 
As in the current study, none of the previously published studies reported a difference 
in postoperative complication rates. Conversion rate was reported in 2 studies and was 
slightly lower than reported in the present study (12–17% vs. 19% (current study, Table 
2).26,27 This slightly higher rate of conversions could possibly be explained by the inclusion 
of procedures performed during the learning curve. Owing to a different moment of 
introduction of MIDP in the participating centers, a decrease in conversion rate over time 
was not seen (Supplementary Table 3, http://links. lww.com/SLA/B331). 
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The 3 previous matched cohorts did not report significant differences in R0 resection 
rates, although the absolute risk difference between MIDP and ODP did favour MIDP 
in all cohorts and ranged from 8% to 9%, similar to the 9% found in our study (Table 3, 
matched cohort).26,27 It should be noted that comparisons of R0 resection rates in the 
literature have to be considered with caution, as R0 rates are influenced by the definition 
used (no involvement of the margin or a distance between the margin and the tumor 
of at least 1 mm) and method of margin assessment (transection margin alone or also 
circumferential margins) which, in absence of standardized pathology assessment and 
reporting, may vary per pathologist and per institution. A systematic review illustrated 
this problem as it reported R0 margin rates in large randomized controlled trials for 
resected PDAC as ranging from 17% to 100%.28 

 

FIGURE 2. Kaplan-Meier overall survival matched cohort. 
Stratified Log-Rank test, P = 0.774. Cox proportional hazards model with shared frailty, P = 
0.85. 

In contrast to previously reported matched cohorts, the present study did show a 
significantly lower lymph node retrieval (14 vs. 22, P < 0.001) with MIDP (Table 3, 
matched cohort), which was not related to the lower number of splenectomies in this 
group (Supplementary Table 2, http://links.lww.com/SLA/B331). The amount of 
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retrieved lymph nodes depends on the extent of the lymphadenectomy performed. The 
ISGPS definition of a standard lymphadenectomy29 recommends removal of lymph node 
station 10, 11, and 18 for body and tail tumors and additional removal of station 9 is 
suggested in case of tumors confined to the area of the body of the pancreas. However, 
data on the type of lymphadenectomy performed were not available in this study and 
as no evidence on the number of lymph nodes that should be resected is available, the 
clinical relevance of our finding remains uncertain. 

The concerns on the oncological safety of MIDP for PDAC could be related to worries 
about the ability to perform a R0 resection or adequate lymphadenectomy. It is therefore 
interesting to assess the details of surgical technique, resection of Gerota’s fascia, and left 
adrenal gland resection, which are suggested to be relevant in achieving a R0 resection 
and adequate lymphadenectomy.30–32 Standardized techniques have been described for 
MIDP in PDAC,31 following the RAMPS technique as described by Strasberg.30,32 MIDP 
for PDAC should include standardized lymphadenectomy, resection of Gerota’s fascia 
to reduce the risk of incomplete resection on the posterior margin as well as a ‘‘no-touch 
approach’’, by lifting the pancreas using a hanging maneuver.31 This approach permits good 
views and access to the posterior aspect of the pancreas allowing for resection of Gerota’s 
fascia and the adrenal gland, if needed. Both in the total and the matched cohort, we found 
resection of Gerota’s fascia and splenectomy to be less often performed in the MIDP group 
(Table 2). Adrenal gland resection, however, was surprisingly performed more often in 
the MIDP group compared with ODP. The previous mentioned standardized surgical 
techniques in DP were introduced parallel to the introduction of MIDP and this could 
have caused the differences in surgical technique used between MIDP and ODP. The 
subgroup analyses on effect of time only showed an increase in Gerota’s fascia resection 
in the MIDP group (18% to 30%) and therefore do not explain the differences in surgical 
technique between both groups (Supplementary Table 3, http://links. lww.com/SLA/
B331). It remains unclear whether the differences found were related to the incapability 
to perform these steps minimally invasive or open or, whether surgeons did not consider 
these required for the cancers they resected, indicating that, despite matching, different 
tumors were present in the MIDP group. 

No significant differences in overall survival have been reported for MIDP vs. ODP in 
PDAC25–27 and overall survival ranged from 14 to 16 months.26,27 Although the present 
study neither found a significant difference in survival between groups, the reported 
survival was overall higher, ranging from 29 (MIDP) to 31 (ODP) months (Table 4, 
matched cohort). However, several large nonmatched studies have reported survival 
times comparable to our study but definitions of PDAC did differ.25,33 
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Despite the clear strengths of this study, some limitations have to be discussed. First, most 
data were collected retrospectively, which could have possibly led to underreporting of 
postoperative outcomes such as complications. Second, missing data were present. 
However, no differences between the baseline characteristics before and after imputation 
were present (Supplementary Table 1, http://links.lww.com/SLA/B331). For optimal 
transparency, all missing variables were reported and data should be interpreted in 
perspective to the degree of missing data. Third, despite our attempt to minimize the 
influence of treatment allocation bias, by applying propensity score matching, treatment 
allocation bias may still have influenced outcomes in the matched cohort. Although we 
managed to correct for differences in baseline variables, the difference in lymphovascular 
and perineural tumor invasion between the MIDP and ODP group (Table 3, matched 
cohort) suggests that less aggressive tumors have been selected for the minimally invasive 
approach. However, lymph node ratio was comparable between both groups. Perineural 
invasion has only been reported in a single small matched cohort study, and in contrast 
to the present study, no statistical significant difference between MIDP and ODP was 
seen.27 Previous matched studies did not report on lymphovascular tumor invasion. 
The presence of perineural and lymphovascular tumor invasion is associated with worse 
survival in the literature,26,34 and differences between MIDP and ODP could therefore 
influence outcomes and should be reported in all studies assessing this subject. Fourth, 
this study was mainly a European effort and a median BMI of 25 was reported, which is 
lower compared with, for example, the median BMI in the United States. Consequently, 
this difference could influence the applicability of the results of the current studies to non-
European countries. Attempts should be made to include centers from outside of Europe 
in further studies. Lastly, the possible variation in surgical techniques and pathology 
assessment and reporting between centers represent a serious challenge. The influence of 
these variations on the results remains unknown and could be limited because of the use 
of the same approach in MIDP and ODP at a given center. Efforts to develop standardized 
surgical technique, pathology assessment, and pathology reporting should be made and 
the influence of implementation of these guidelines should be studied. 

The results of the present study show that the oncological safety of MIDP remains 
uncertain. Standardization and agreement with regards to intraoperative techniques 
(lymphadenectomy, adrenal gland, Gerota’s fascia resection, and splenectomy) are 
required to be able to further investigate this subject. The E-MIPS group is currently 
preparing for the DIPLOMA trial (Distal Pancreatectomy, Minimally Invasive or Open 
for PDAC; www.e-mips.org), which will further investigate the oncologic non-inferiority 
(radicality, survival) of MIDP to ODP for PDAC in a multicenter randomized setting 
with standardized surgical technique and pathology assessment and reporting.
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ABSTR ACT

Objective. This study aimed to appraise and to evaluate the current evidence on 
minimally invasive pancreatoduodenectomy (MIPD) vs. open pancreatoduodenectomy 
only in comparative cohort and registry studies.

Background. Outcomes after MIPD seem promising, but most data come from single-
center, non-comparative series. 

Methods. Comparative cohort and registry studies on MIPD vs. open 
pancreatoduodenectomy published before August 23, 2015 were identified systematically 
and meta-analyses were performed. Primary endpoints were mortality and International 
Study Group on Pancreatic Fistula grade B/C postoperative pancreatic fistula (POPF). 

Results. After screening 2293 studies, 19 comparative cohort studies (1833 patients) 
with moderate methodological quality and 2 original registry studies (19,996 patients) 
were included. For cohort studies, the median annual hospital MIPD volume was 14. 
Selection bias was present for cancer diagnosis. No differences were found in mortality 
(odds ratio (OR) = 1.1, 95% confidence interval (CI) = 0.6–1.9) or POPF (OR = 1.0, 
95% CI = 0.8–1.3). Publication bias was present for POPF. MIPD was associated with 
prolonged operative times (weighted mean difference (WMD) = 74 minutes, 95% CI = 
29–118), but lower intraoperative blood loss (WMD = 385 ml, 95% CI = 616–154), less 
delayed gastric emptying (OR = 0.6, 95% CI = 0.5–0.8), and shorter hospital stay (WMD 
= 3 days, 95% CI = 5–2). For registry studies, the median annual hospital MIPD volume 
was 2.5. Mortality after MIPD was increased in low-volume hospitals (7.5% vs. 3.4%, P 
= 0.003). 

Conclusions. Outcomes after MIPD seem promising in comparative cohort studies, 
despite the presence of bias, whereas registry studies report higher mortality in low-
volume centers. The introduction of MIPD should be closely monitored and probably 
done only within structured training programs in high-volume centers.
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INTRODUCTION

Pancreatoduodenectomy (PD) is the only potentially curative treatment for periampullary 
cancer and premalignant lesions. Despite recent advances in outcomes, mainly related to 
centralization,1–3 PD is still associated with postoperative morbidity rates of 23% to 66% 
and mortality rates of 3% to 5% in high-volume centers.1,2,4 

During the past years, minimally invasive PD (minimally invasive pancreatoduodenectomy 
(MIPD), that is, laparoscopic or robot-assisted PD, has become increasingly popular.5,6 
Laparoscopic PD was first described in the early 1990s, whereas the first publications on 
robot-assisted PD appeared 10 years later.7 MIPD has not yet gained the same support 
in the surgical community as other minimally invasive gastrointestinal procedures. 
This is possibly due to the low volume and high-risk nature of pancreatic surgery, going 
along with several challenges regarding oncological radicality8 and the complexity of 
the procedure including pancreatic and biliary anastomoses.9 Postoperative pancreatic 
fistulas (POPFs) remain one of the most threatening complications after PD, with rates 
ranging from 4% to 33% in series from expert centers.4 Cohort series have suggested 
that MIPD, compared with open pancreatoduodenectomy (OPD), can safely lower the 
postoperative morbidity rates and enhance postoperative recovery in the treatment of 
both pancreatic and periampullary malignancies.5,10 Many studies, however, were not 
comparative, and selection bias has likely influenced these findings. 

In 2013, a systematic review on MIPD vs. OPD was published, in which 6 observational 
studies were included.6 During the last 3 years, many high-volume series appeared, 
including some recent cohort11 and registry studies,12 which raised concerns regarding 
the safety of MIPD. An updated systematic review of the literature on MIPD could clarify 
the impact of these recent studies. The aim of this systematic review was to assess the 
evidence on MIPD vs. OPD in comparative cohort studies and registry studies. 

METHODS

STUDY SELECTION

This study was conducted according to the Preferred Reporting Items for Systematic 
Reviews and Meta-analyses guidelines13 with methods written before study conduct. 
A systematic literature search was performed in the PubMed, Cochrane, and Embase 
databases for studies published before August 23, 2015. Search terms used were based on 
the procedure (e.g. ‘‘pancreatoduodenectomy’’) and the approach (e.g. ‘‘laparoscopy’’), 
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all restricted to title, abstract, and keywords. A detailed overview of the literature search 
is shown in the Appendix, http://links.lww.com/SLA/A975. Titles, abstracts, and 
subsequently full-text articles were screened based on inclusion and exclusion criteria 
by 2 authors (T.d.R. and M.Z.L.) independently. When overlapping series from the 
same institution were found, only the most recent study was included. Reference lists 
of all included papers and PubMed ‘‘related articles’’ were screened manually to identify 
initially missed but relevant studies. The final decision on eligibility was reached through 
discussion and followed by consensus. Additionally, the World Health Organization 
International Clinical Trials Registry, combining the data of all (inter)national trial 
registries, was searched to identify ongoing randomized controlled trials on MIPD vs. 
OPD. 

ELIGIBILITY CRITERIA

Included were studies comparing MIPD (either laparoscopic, robot-assisted, or hybrid 
PD) with OPD reporting on at least 1 outcome of interest. Excluded were articles 
including (also) other procedures than PD, articles not reporting on postoperative 
outcomes, review articles, articles on ≤ 10 patients in both groups, articles in other 
languages than English, opinion papers, proceedings, editorials, studies on children, and 
animal studies. 

ASSESSMENT OF METHODOLOGICAL QUALITY

Methodological quality of included studies was assessed by 2 authors (T.d.R. and M.Z.L.) 
independently. All studies were critically appraised according to the Newcastle-Ottawa 
Scale (NOS), as only nonrandomized studies on this subject were expected. Included 
studies were ranked with a maximum of 9 points, assessing the methodological quality 
concerning ‘‘selection of patients’’, ‘‘comparability’’, and ‘‘outcome of study participants’’. 
Cohort studies with a NOS score < 6 were considered of moderate or low quality. 

DATA EXTRACTION

Extracted data included study characteristics (study design, study period, sample size, and 
investigated surgical procedure), patient characteristics (age, sex, body mass index, tumor 
size, neo-adjuvant treatment, and cancer diagnosis), operative outcomes (conversion 
to open approach, operative time, blood loss, vascular resection, R0 (microscopically 
radical) resection margins, and number of resected lymph nodes), and postoperative 
outcomes (mortality, clinically relevant (International Study Group on Pancreatic Fistula 
grade B/C) POPF,14 clinically relevant (International Study Group on Pancreatic Surgery 
grade B/C) delayed gastric emptying,15 length of hospital stay, and readmission). In case 
of insufficient data, corresponding authors were contacted and asked to supply required 
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information. Nonresponders were contacted up to 2 times. Outcomes were collected as 
defined in original studies. For postoperative outcomes, preference was given to a 90-day 
postoperative follow-up. All data were cross-checked by 2 authors (T.d.R. and M.Z.L.) 
independently. 

PubMed
n = 1255

Embase
n = 1038

Cochrane
n = 0

Manual screening
n = 0

Studies identified
n = 2293

Titles and 
abstracts screened

n = 1763

Full-tekst articles 
screened

n = 65

Duplicates 
removed
n = 530

Studies included
n = 22

Cohort studies 
included

n = 19

Registry studies 
included

n = 3

Studies excluded
n = 1698

Studies excluded: n = 43
- Non-comparative: n = 18
- Overlapping cohort: n = 10
- Not pancreatoduodenectomy: n = 5
- Heterogeneity of surgical procedures: n = 4
- Not in English: n = 2
- Sample size ≤ 10 per group: n = 2
- Not full-tekst available: n = 2
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FIGURE 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) 
study selection flow diagram. 

STATISTICAL ANALYSIS

Meta-analysis was performed according to the Cochrane guidelines for systematic 
reviews.16 Categorical data were presented as frequencies and percentages. Continuous 
data were presented as stated in included original articles. Categorical variables were 
analyzed using the Mantel-Haenszel method, continuous variables using the inverse 
variance. When studies reported continuous variables as median values and ranges, the 
means and standard deviations were estimated using statistical algorithms according to 
the method described by Hozo et al.17 Studies that reported interquartile ranges only were 
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excluded from meta-analysis. I2 was used to quantify heterogeneity between studies. An I2 
< 30% was considered low heterogeneity, ≥ 30% and < 50% moderate heterogeneity and ≥ 
50% considerable heterogeneity. In case of considerable heterogeneity, the random-effects 
model was used. For low or moderate heterogeneity, the fixed-effects model was used. In 
forest plots, categorical and continuous variables were expressed as odds ratios (OR) or 
weighted mean differences (WMD) respectively, all reported with their corresponding 
95% confidence intervals (CI). Sensitivity analyses were performed to solidify findings 
from meta-analyses. Sensitivity analyses on mortality and clinically relevant POPF were 
performed to assess the impact of study design by excluding studies of moderate or 
low quality (NOS score < 6). Subgroup analyses were performed to identify potential 
differences between laparoscopic, robot-assisted, and hybrid PD concerning mortality 
and clinically relevant POPF. Publication bias of studies on clinically relevant POPF rates 
was assessed by visual inspection of a funnel plot and not by statistical testing according 
to the Cochrane Collaboration recommendations. All analyses were performed using 
Review Manager 5.0 software (The Cochrane Collaboration, Oxford, United Kingdom). 

RESULTS

SEARCH RESULTS

The Preferred Reporting Items for Systematic Reviews and Meta-analyses study selection 
flow diagram is shown in Figure 1. In total, 2293 studies were identified. After screening 
titles and abstracts, 665 articles remained for full-text assessment.7,10,11,18–76 Additionally, 
43 studies were excluded7,20,34–71 and therefore 19 comparative cohort studies with a 
total of 1833 patients were eligible for inclusion and 3 registry studies with a total of 
27,057 patients.12,74–75 Two registry studies74,12 reported on the same database, so for 
every outcome the most recent study reporting on that outcome was selected. Manual 
screening yielded no additional eligible articles. Characteristics of included studies are 
shown in Table 1. 

Additional data through contacting corresponding authors were not obtained, but this 
did not lead to excluding any of the identified studies. Searching the World Health 
Organization International Clinical Trial Registry yielded 1 ongoing randomized study 
on MIPD vs. OPD from India with a projected sample size of 60 patients.76 Upon 
personal communication with the principal investigators we know that this trial has just 
been completed, but it is unknown when results can be expected.
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METHODOLOGICAL QUALITY

Of all cohort studies, 42% (8/19) were of moderate or low quality (NOS score 
< 6).4,18,20,23,24,29,31 Approximately, half of the included studies used case matchi
ng.10,11,19,21,22,25,27,28,32,33 Detailed information on patient follow-up was lacking in almost 
all studies. One multicenter study was found.32 Considerable interstudy heterogeneity 
was seen in almost all meta-analyses. Details are shown in Table 2. The registry studies 
were all from the United States (National Cancer Database12,74 and Nationwide Inpatient 
Sample75).

PATIENT CHARACTERISTICS

Meta-analyses of patient characteristics are shown in Figure 2. Patients undergoing MIPD 
and OPD did not differ in age (WMD = 0.1 years, 95% CI = 0.9–0.7), female sex (OR = 
1.1, 95% CI = 0.9– 1.3), tumor size (WMD = 1.0 cm, 95% CI = 2.9–1.0), and body mass 
index (WMD = 0.6 kg/m2, 95% CI = 1.4–0.2). The relative number of patients who had 
undergone neoadjuvant treatment was comparable for MIPD and OPD (OR = 1.1, 95% 
CI = 0.7–1.7). Patients in the MIPD group were less often operated for cancer (OR = 
0.7, 95% CI = 0.6–0.9). In the registry studies, MIPD and OPD groups were comparable 
concerning age, sex, tumor size, and tumor stage.12,74,75

OPERATIVE- AND PATHOLOGY OUTCOMES

Meta-analyses of operative and pathological outcomes are shown in Figure 3. In total, 9% 
of all MIPDs converted to open surgery (laparoscopic PDs 7%, robot-assisted PDs 8%, 
and hybrid PDs 20%).

Operative time was longer for MIPD (WMD = 73.5 minutes, 95% CI = 29.0–118.0), but 
intraoperative blood loss was less for MIPD (WMD = 384.7 ml, 95% CI = 615.7–153.7). 
The relative number of patients who had undergone vascular (all venous) resection did 
not differ between MIPD and OPD (OR = 0.7, 95% CI = 0.5–1.1). Less incomplete (R1/
R2) tumor resections were reported after MIPD (OR = 0.7, 95% CI = 0.5–0.99), whereas 
lymph node harvest was similar (WMD = 0.3 nodes, 95% CI = 2.0–1.4). 

The registry studies did not report on operative time or intraoperative blood loss. One 
registry study reported more R0 resections in the MIPD group (80% vs. 74%, P = 0.026) 
along with higher lymph node harvest (17 vs. 15, P < 0.0001).74
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TABLE 1. Study characteristics.

Reference
Study period 

(years) Case-matched
Centers performing MIPD

(no.)
Average MIPD volume
(per center per year)

Average OPD volume
 (per center per year)

Sample size (no.)

Type of MIPD

Mortality (%)

MIPD OPD MIPD OPD

Cohort studies

Asbun 201218 2005 – 2011 No 1 9 36 53 215 LPD 5.7c 8.8c

Baker 201572 2012 - 2013 No 1 22 49 22 49 RAPD 0e 2e

Bao 201319 2009 – 2011 Yes 1 14 - 28 28 RAPD 7.1b 7.1b

Chalikonda 201221 2009 – 2010 Yes 1 15 - 30 30 RAPD 3.3d 0.0d

Chen 201522 2010 – 2013 Yes 1 15 - 60 120 RAPD 1.7 2.5

Cho 200923 2007 – 2008 No 1 15 - 15 15 LAPD 0.0 0.0

Croome 201424 2008 – 2013 No 1 20 39 108 214 LPD 0.9a 1.9a

Dokmak 201511 2011 – 2014 Yes 1 15 104 46 46 LPD/LAPD 2.2e 0.0e

Hakeem 201425 2005 – 2009 Yes 1 3 - 12 12 LPD 0.0a 8.3a

Kuroki 201226 2008 – 2010 No 1 7 10 20 31 LAPD − −

Lai 201227 2009 – 2012 No 1 10 34 20 67 RAPD 0.0 3.0

Langan 201428 2010 – 2013 Yes 1 7 - 28 25 LAPD − −

Song 201510 2007 – 2012 Yes 1 23 254 93 93 LPD − −

Speicher 201429* 2010 – 2013 No 1 16 24 25 84 LPD 0.0a 1.2a

31 LAPD 3.2a

Tan 201530 2009 – 2014 No 1 7 - 30 30 LPD 0.0 3.3

Tee 201573 2007 - 2014 No 1 14 28 113 225 LPD 5d 3d

Wang 201431 2009 – 2013 No 1 10 - 13 20 LAPD 7.7b 15.0b

Wellner 201432 2010 – 2013 Yes 2 7 - 40 40 LAPD 2.5 0.0

Zureikat 201133 2008 – 2010 Yes 1 9 - 14 14 LPD 7.1 0.0

Total Range = 
2002 - 2014

Median = 
1

Median = 
14

Median = 
36

Total = 710 Total = 1,123 - Sum = 2.6 Sum = 3.8

Registry studies

Tran 201575 2000 – 2010 No 133 0.5 1 681 14,893 MIPD 3.8a 5.0a

Abdelgadir Adam 201512 2010 – 2011 No 246 2 - 983 6,078 MIPD 5.1a 3.1a

Sharpe 201574 2010 – 2011 No 365 0.5 4 385 4,037 MIPD 5.2a 2.9a

*Same cohort OPD patients
No. = Number, MIPD = Minimally invasive pancreatoduodenectomy, OPD = Open pancreatoduodenectomy, LPD = 
Laparoscopic pancreatoduodenectomy, RAPD = Robot-assisted pancreatoduodenectomy (laparoscopic resection and 
robotic reconstruction), LAPD = Laparoscopically-assisted pancreatoduodenectomy (laparoscopic resection and open 
reconstruction), a = 30-day mortality, b = 90-day mortality, c = 100-day mortality
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TABLE 1. Study characteristics.
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Average MIPD volume
(per center per year)

Average OPD volume
 (per center per year)

Sample size (no.)

Type of MIPD

Mortality (%)

MIPD OPD MIPD OPD

Cohort studies

Asbun 201218 2005 – 2011 No 1 9 36 53 215 LPD 5.7c 8.8c

Baker 201572 2012 - 2013 No 1 22 49 22 49 RAPD 0e 2e

Bao 201319 2009 – 2011 Yes 1 14 - 28 28 RAPD 7.1b 7.1b

Chalikonda 201221 2009 – 2010 Yes 1 15 - 30 30 RAPD 3.3d 0.0d

Chen 201522 2010 – 2013 Yes 1 15 - 60 120 RAPD 1.7 2.5

Cho 200923 2007 – 2008 No 1 15 - 15 15 LAPD 0.0 0.0

Croome 201424 2008 – 2013 No 1 20 39 108 214 LPD 0.9a 1.9a

Dokmak 201511 2011 – 2014 Yes 1 15 104 46 46 LPD/LAPD 2.2e 0.0e

Hakeem 201425 2005 – 2009 Yes 1 3 - 12 12 LPD 0.0a 8.3a

Kuroki 201226 2008 – 2010 No 1 7 10 20 31 LAPD − −

Lai 201227 2009 – 2012 No 1 10 34 20 67 RAPD 0.0 3.0

Langan 201428 2010 – 2013 Yes 1 7 - 28 25 LAPD − −

Song 201510 2007 – 2012 Yes 1 23 254 93 93 LPD − −

Speicher 201429* 2010 – 2013 No 1 16 24 25 84 LPD 0.0a 1.2a

31 LAPD 3.2a

Tan 201530 2009 – 2014 No 1 7 - 30 30 LPD 0.0 3.3

Tee 201573 2007 - 2014 No 1 14 28 113 225 LPD 5d 3d

Wang 201431 2009 – 2013 No 1 10 - 13 20 LAPD 7.7b 15.0b

Wellner 201432 2010 – 2013 Yes 2 7 - 40 40 LAPD 2.5 0.0

Zureikat 201133 2008 – 2010 Yes 1 9 - 14 14 LPD 7.1 0.0

Total Range = 
2002 - 2014

Median = 
1

Median = 
14

Median = 
36

Total = 710 Total = 1,123 - Sum = 2.6 Sum = 3.8

Registry studies

Tran 201575 2000 – 2010 No 133 0.5 1 681 14,893 MIPD 3.8a 5.0a

Abdelgadir Adam 201512 2010 – 2011 No 246 2 - 983 6,078 MIPD 5.1a 3.1a

Sharpe 201574 2010 – 2011 No 365 0.5 4 385 4,037 MIPD 5.2a 2.9a

*Same cohort OPD patients
No. = Number, MIPD = Minimally invasive pancreatoduodenectomy, OPD = Open pancreatoduodenectomy, LPD = 
Laparoscopic pancreatoduodenectomy, RAPD = Robot-assisted pancreatoduodenectomy (laparoscopic resection and 
robotic reconstruction), LAPD = Laparoscopically-assisted pancreatoduodenectomy (laparoscopic resection and open 
reconstruction), a = 30-day mortality, b = 90-day mortality, c = 100-day mortality
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TABLE 2. Methodological assessment

Reference

Selection Outcome

Total 
points

Represen-
tativeness Selection

Ascer-
tainment

Conflicted 
interest

Compar-
ability*

Assess-
ment

FU 
length

Adequacy 
of FU

Asbun 
201218

• • • º N/A • N/A º 4

Baker 
201572

• • • º N/A • N/A º 4

Bao
201319

• • • º •• • N/A º 7

Chalikonda 
201221

• • • º •• • N/A º 6

Chen 
201522

• • • º •• • • • 8

Cho
200923

• • • º N/A • N/A º 4

Croome 
201424

• • • º N/A • • º 5

Dokmak 
201511

• • • º •• • N/A º 6

Hakeem 
201425

• • • º •• • • º 7

Kuroki 
201226

• • • º N/A • N/A º 4

Lai
201227

• • • º •• • N/A º 6

Langan 
201428

• • • º •• • N/A º 6

Song
201510

• • • º •• • • º 7

Speicher 
201429

• • • º N/A • N/A º 4

Speicher 
201429

• • • º N/A • N/A º 4

Tan
201530

• • • º N/A • N/A º 5

Tee
201573

• • • º • • • º 5

Wang 
201431

• • • º N/A • N/A º 4

Wellner 
201432

• • • º •• • N/A º 6

Zureikat 
201132

• • • º •• • • º 7

• = Consistent with criteria and low risk of bias, º = Not consistent with criteria and high risk of bias, N/A = Not 
applicable, FU = Follow-up, * A maximum of two points (••) can be achieved for this criterion
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A)

B)

C)

FIGURE 2. Forest plots of patient characteristics. A, body mass index (kg/m2). B, tumor 
size (mm). C, cancer diagnosis.
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A)

B)

C)

D)

FIGURE 3. Forest plots of operative and pathology outcomes. A, operative time (minutes). 
B, blood loss (ml). C, R0 (microscopically radical) resection. D, lymph node harvest (nodes). 
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POSTOPERATIVE OUTCOMES

Meta-analyses of postoperative outcomes are shown in Figure 4. Mortality (OR = 1.1, 
95% CI = 0.6–1.9) and clinically relevant POPF (OR = 1.0, 95% CI = 0.8–1.3) rates 
were not significantly different between MIPD and OPD. Grade B or C POPFs could 
not be analyzed separately, because grades were reported as a combination in most series. 
The reoperation rates were comparable for both groups (OR = 0.9, 95% CI = 0.5–1.5). 
Clinically relevant delayed gastric emptying occurred less frequently in the MIPD group 
(OR = 0.6, 95% CI = 0.5– 0.8) and overall length of hospital stay was shorter after MIPD 
(WMD = 3.1 days, 95% CI = 4.7–1.6). Readmission rates were not differing significantly 
between MIPD and OPD (OR = 0.9, 95% CI = 0.6–1.3). 

Two registry studies also showed shorter length of hospital stay after MIPD (MIPD 10 
days vs. OPD 12 days, P < 0.000174 and MIPD 11 days vs. OPD 12 days, P < 0.00175). 
One registry study reported on postoperative complications and found a reduction of 
overall complications after MIPD compared with OPD (39% vs. 46% respectively, P < 
0.01).75 Specific complication rates were not reported. The 3 registry studies reported 
varying mortality rates (see Table 1). Tran et al75 reported comparable mortality rates 
for MIPD and OPD (3.8 vs. 5%, P = 0.27). Abdelgadir Adam et al12 reported non-
significantly increased mortality rates for MIPD (MIPD 4.8% vs. OPD 3.7%, P = 0.11), 
whereas Sharpe et al. showed increased postoperative 30-day mortality in centers that 
had performed < 10 MIPDs overall (MIPD 7.5% vs. OPD 3.4%, P = 0.003), but mortality 
was comparable in centers that had performed???10 MIPDs.74 Baseline characteristics 
were not reported for low-volume and high-volume centers separately.74 

SENSITIVITY- AND SUBGROUP ANALYSES

Sensitivity analysis excluding studies of low or moderate methodological quality NOS < 
6 found similar outcomes regarding mortality (OR = 1.4, 95% CI = 0.4–4.6) and clinically 
relevant POPF (OR = 1.0, 95% CI = 0.7–1.6) rates. 

Three subgroup meta-analyses (laparoscopic vs. open PD, robot-assisted vs. open PD, 
and hybrid vs. open PD) showed no statistically significant differences between groups 
concerning mortality (OR = 1.1, 95% CI = 0.6–2.3; OR = 1.0, 95% CI = 0.3–4.2; and OR 
= 1.1, 95% CI = 0.3–4.6, respectively) and clinically relevant POPF rates (OR = 0.9, 95% 
CI = 0.7–1.3; OR = 1.0, 95% CI = 0.6– 1.5; and OR = 1.0, 95% CI = 0.6–1.8, respectively).
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A)

B)

C)

D)

FIGURE 4. Forest plot of postoperative outcomes. A, mortality. B, clinically relevant 
postoperative pancreatic fistula. C, clinically relevant delayed gastric emptying. D, length 
of hospital stay (days). 
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PUBLICATION BIAS

Visual inspection of the funnel plot of studies reporting on clinically relevant POPF 
rates showed that small studies reporting on a positive effect of MIPD are more often 
published than small studies reporting on a negative effect of MIPD (Figure 5). None of 
included studies was truncated because of positive interim analysis outcomes. 

FIGURE 5. Funnel plot of studies reporting on clinically relevant postoperative pancreatic 
fistula after minimally invasive vs. open pancreatoduodenectomy.

DISCUSSION

This systematic review and meta-analysis in comparative cohort and registry studies 
found overall similar mortality and similar clinically relevant POPF rates after MIPD 
vs. OPD. MIPD was associated with less intraoperative blood loss, less delayed gastric 
emptying, fewer R1/R2 resections, and reduced length of hospital stay, although in the 
presence of selection and publication bias. The registry studies found increased mortality 
for MIPD when performed in low-volume hospitals. 
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Selection bias is a common problem in cohort studies, as was shown by less frequent 
cancer diagnosis in patients undergoing MIPD in this review. Unfortunately, 
documentation on the extent of patient selection was lacking in many of included studies. 
In large series, patients with tumors other than pancreatic ductal adenocarcinoma,39,41 
small tumors,28,39,60 no comorbidity,27,32,34,36,39,52 no history of abdominal surgery,28,34,39,52,61 
or no adiposity28,34 were more often selected for MIPD. Although meta-analyses showed 
comparable rates of neoadjuvant therapy and vascular resection for MIPD and OPD, 
this is probably due to the fact that most series excluded these patients. Notably, patient 
selection is not necessarily a negative aspect and may actually shield patient safety during 
the learning curve. It is therefore important to report on patient selection criteria if one 
wants to draw generalizable conclusions on the outcomes of MIPD during the learning 
curve. 

The technical difficulty of MIPD is reflected by the significantly longer operative time 
seen in all but 2 included studies,20,32 which had relatively long operative times for OPD 
as well (median 400–500 minutes).77 On the other hand, MIPD was associated with 
decreased operative blood loss and other parameters such as lymph node harvest and R0 
resection rates were not inferior for MIPD, but these outcomes may have been influenced 
by selection bias (e.g. less frequent cancer diagnosis). The overall conversion rate of MIPD 
was 9%, which seems acceptable for such a complex procedure. No obvious differences in 
conversion rate between laparoscopic PD (7%) and robot-assisted PD (8%) were seen. 

The described postoperative outcomes of MIPD are in essence very promising: 
postoperative major morbidity, readmission, and mortality rates were comparable 
with OPD, whereas length of hospital stay was 3 days shorter after MIPD. However, 
the presence of publication bias makes it difficult to draw definitive conclusions on 
the safety of the pancreatic anastomoses performed using minimally invasive surgery. 
Higher POPF rates would be a serious disadvantage of MIPD, as this is a potentially life-
threatening complication. The pancreatic anastomosis should therefore be considered an 
essential element of analyses. Importantly, some large registry studies reported higher 
mortality after MIPD compared with OPD in hospitals that had performed less than 
10 MIPDs in total. Unfortunately, individual deaths were not discussed,12 so it remains 
unknown whether approach-specific complications, such as intraoperative organ injury, 
POPF or hemorrhage, were related to the increased mortality.12,74 Additionally, baseline 
characteristics of operated patients were not shown for low-volume vs. high-volume 
centers.74 

It is very likely that the surgical learning curve plays an important role in the outcome 
of individual studies. Abdelgadir Adam et al12 showed that 30-day mortality after MIPD 
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was almost twice as high as 30-day mortality after open PD during the first phase of the 
surgical learning curve and only becomes comparable for both groups when around 
60 procedures have been performed. These higher mortality rates were not seen in 
individual reports from high-volume centers that may already have completed the 
surgical learning phase. Very few centers report on their first MIPD cases, so outcomes 
during this phase are currently largely unknown. Mortality after PD has decreased 
significantly due to centralization of pancreatic surgery and the introduction of a new 
technique should ideally not compromise these outcomes. Structured training programs 
might help surgeons to safely implement new surgical procedures, such as MIPD. Several 
techniques have been described to introduce MIPD, such as by Speicher et al.,29 who first 
used a hybrid technique, where the surgical resection was performed via a laparoscopic 
approach and the surgical reconstruction via a mini-laparotomy. After performing 10 
hybrid procedures, the surgeon was considered qualified to start with total laparoscopic 
procedures. 

So far, this stepwise implementation strategy has yielded promising outcomes, but its 
actual benefits are still to be determined. Another training program has been developed 
by Zeh et al., and showed very encouraging results.35,70 Due to the remarkably higher 
mortality rates in low-volume centers, MIPD should probably only be introduced in high-
volume centers using training programs. Outcomes during and after the introduction 
should be monitored continuously, for instance within a prospective registry. Such a 
registry can be used to assess potential benefits and disadvantages of laparoscopic vs. 
robot-assisted PDs as well, which was not possible given currently available original 
studies. The International Hepato-Pancreato-Biliary Association has organized a state-of-
the art consensus meeting in 2016 to discuss these matters. 

As for all minimally invasive procedures, the cost-effectiveness of MIPD is a topic 
of special interest. Minimally invasive surgery is known to be associated with higher 
intraoperative costs, which are often compensated by lower postoperative costs. The cost-
effectiveness of MIPD could not be assessed using meta-analysis, and should therefore be 
assessed alongside a future randomized controlled trial.56 

This review has some limitations which are mainly related to the quality of available studies. 
In the first place, patient selection was often not well documented. Secondly, randomized 
controlled trials are lacking. The results of this systematic review are therefore likely to 
be influenced by selection bias as was shown by the difference in cancer percentages. 
Sensitivity analyses demonstrated that after excluding low-quality studies primary 
outcomes remained similar. Furthermore, high heterogeneity was seen amongst included 
studies, for example, for duration of follow-up, hampering the precise estimation of 
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outcomes. These findings demonstrate that the focus should shift from cohort studies to 
multicenter prospective cohort or registry series, and ideally even randomized controlled 
trials, if we want to elucidate on the actual impact of MIPD. 

CONCLUSIONS

This systematic review and meta-analysis showed that, in the presence of selection and 
publication bias, outcomes after MIPD seem superior for intraoperative blood loss, 
delayed gastric emptying, and length of hospital stay. MIPD should probably only be 
implemented in high-volume centers within a structured training program. Given the 
presence of selection bias, publication bias, and higher mortality in low-volume hospitals, 
future large prospective studies on MIPD in high-volume centers are needed before wider 
implementation of MIPD can be advocated.
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ABSTR ACT

Objective. The aim of the study was to assess feasibility and outcomes of a multicenter 
training program in laparoscopic pancreatoduodenectomy (LPD). 

Background. Whereas expert centers have reported promising outcomes of LPD, 
nationwide analyses have raised concerns on its safety, especially during the learning 
curve. Multicenter, structured LPD training programs reporting outcomes including the 
first procedures are lacking. No LPD had been performed in the Netherlands before this 
study. 

Methods. During 2014–2016, 8 surgeons from 4 high-volume centers completed 
the Longitudinal Assessment and Realization of Laparoscopic Pancreatic Surgery 
(LAELAPS-2) training program in LPD, including detailed technique description, 
video training, and proctoring. In all centers, LPD was performed by 2 surgeons with 
extensive experience in pancreatic and laparoscopic surgery. Outcomes of all LPDs were 
prospectively collected. 

Results. In total, 114 patients underwent LPD. Median pancreatic duct diameter was 3 
mm (interquartile range (IQR = 2–4)) and pancreatic texture was soft in 74% of patients. 
The conversion rate was 11% (n = 12), median blood loss 350 ml (IQR = 200–700), 
and operative time 375 minutes (IQR = 320–431). Grade B/C postoperative pancreatic 
fistula occurred in 34% of patients, requiring catheter drainage in 22% and re-operation in 
2%. A Clavien-Dindo grade ≥ 3 complication occurred in 43% of patients. Median length 
of hospital stay was 15 days (IQR = 9–25). Overall, 30-day and 90-day mortality were 
both 3.5%. Outcomes were similar for the first and second part of procedures. 

Conclusions. This LPD training program was feasible and ensured acceptable outcomes 
during the learning curve in all centers. Future studies should determine whether such a 
training program is applicable in other settings and assess the added value of LPD. 
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INTRODUCTION

Laparoscopic pancreatoduodenectomy (LPD) was introduced in 1994.1 In recent years, 
this approach has been shown to be safe and feasible when performed by experienced 
surgeons in high-volume centers.2 LPD has been associated with less delayed gastric 
emptying, decreased intraoperative blood loss and shorter hospital stay, when compared 
with open pancreatoduodenectomy (OPD), without increasing overall costs.3–5 On the 
other hand, LPD seems to increase operative time, double postoperative mortality in 
low-volume centers (< 10 LPDs annually),3,5 and might be associated with higher rates 
of postoperative pancreatic fistula (POPF) and readmission rates.6,7 These data give rise 
to concerns about the benefits and generalizability of LPD, especially in a multicenter or 
nationwide setting. It is unclear whether potential inferior outcomes could be related to 
the lack of adequate training and could thus be prevented by structured training programs 
in LPD. Combined with increasing interests in LPD worldwide, evidence-based advice 
on how to implement LPD safely and maintain high-quality outcomes is warranted.2 

In 2014, the Dutch Pancreatic Cancer Group (DPCG) initiated the nationwide LAELAPS 
(Longitudinal Assessment and Realization of Laparoscopic Pancreatic Surgery) 
program to implement pancreatic surgery safely according to the IDEAL framework.8–11 
LAELAPS-1 resulted in a 7-fold increase in the use of laparoscopic distal pancreatectomy 
in the Netherlands and was followed by decreased conversion rates (from 38% to 
8%) and hospital stay (from 9 to 7 days).11 Building on this, the DPCG initiated the 
multicenter LAELAPS-2 LPD training program, which aimed to safely introduce LPD 
in a multicenter setting and to prospectively assess outcomes. Whether such a training 
program is feasible and whether it will be followed by acceptable outcomes in the more 
demanding setting of LPD is currently unknown. This study therefore aimed to assess the 
feasibility and outcomes of the LAELAPS-2 multicenter LPD training program in the 
Dutch healthcare setting. 

METHODS

This study was performed in accordance with the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) guidelines.12 The medical ethics 
review committee of the Academic Medical Center (Amsterdam, The Netherlands) 
waived the need for informed consent due to the observational and anonymous nature 
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of this study. The LAELAPS-2 multicenter training program in LPD was performed 
between April 2014 and September 2015. Data of all LPDs were collected prospectively 
from April 2014 to September 2016. 

DESIGN AND PATIENTS

This prospective multicenter study investigated the feasibility and outcomes of the 
LAELAPS-2 multicenter training program in LPD. Included were patients who 
underwent LPD during training and thereafter, until the start of a randomized controlled 
trial on LPD vs. OPD (LEOPARD-2 trial).13 The results of the first 4 centers who 
performed > 20 LPDs, and were hence allowed to start with the LEOPARD-2 trial, are 
reported. On average, these centers individually performed 35 pancreatoduodenectomies 
(open or laparoscopic) per year (2015-2016 data). Analyses were performed according 
to intention-to-treat principles, meaning that converted LPDs remained in the LPD 
group for analyses. The decision whether a patient underwent LPD or OPD was left at 
the discretion of the operating surgeon. The following selection criteria were used for 
LPD: body mass index (BMI) ≥ 35 kg/m2, no signs of vascular tumor involvement (celiac 
trunk, hepatic artery, superior mesenteric artery, portal vein, and superior mesenteric 
vein), and no previous chronic pancreatitis or pancreatic radiotherapy. 

TRAINING

Eight pancreatic surgeons from 4 centers completed the LAELAPS-2 multicenter 
training program in LPD. At the start of the program, all participating surgeons had > 5 
years of experience with open pancreatic surgery and (advanced, including stapled and 
hand-sewn intracorporeal anastomoses) laparoscopic gastrointestinal surgery, and they 
all completed the LAELAPS-1 training program in laparoscopic distal pancreatectomy.11 
The essential steps and order of steps within the LAELAPS-2 program are shown in Figure 
1. The entire training program and surgical teams performing LPD were held constant 
within the whole study period. Proctoring was first performed by an international LPD 
expert (B.T.), and later by 2 Dutch surgeons (S.F. and M.G.B.), once they had performed 
more than 15 LPDs themselves. Video training was performed in a ‘‘live’’ setting by 1 
of the proctors, after which multiple proctoring sessions were conducted (Figure 1). A 
full-time equivalent PhD candidate spent 1 year on coordinating the program. In total, 
the proctors spent 20 days on training surgeons, and 13 LPDs were performed in the 
Netherlands during proctoring sessions. These procedures were included in the analyses.
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Figure 1. Flow Diagram of the LAELAPS-2 Training Program. 
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FIGURE 1. Flow Diagram of the LAELAPS-2 Training Program.

SURGICAL TECHNIQUE

Teams of 2 trained gastrointestinal surgeons performed all procedures, which were 
standardized per center. Based on their preferences in open surgery, surgeons were 
allowed to make alterations to the technique, such as the order of specific steps or type 
of pancreatic anastomosis (3 centers modified Blumgart anastomosis, 1 center modified 
Catell-Warren anastomosis14). Five trocars were placed in a slightly curved pattern 
around the umbilical camera port. In case of malignancy, a diagnostic laparoscopy was 
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performed to exclude metastases. The gastrocolic ligament was divided to enter the 
lesser sac. After mobilization of the hepatic flexure of the colon and an extensive Kocher 
maneuver, the superior mesenteric vein and the lower border of the pancreas were 
mobilized. The right gastro-epiploic vein was identified and transected, and the beginning 
of a pancreatic tunnel was created. Transection of the stomach or proximal duodenum 
was performed using an endostapler (e.g. ECHELON FLEX Powered ENDOPATH, 
Ethicon Endo-Surgery, Inc, Cincinnati, OH). The hepatic artery was dissected and the 
gastroduodenal artery slung with a vessel loop and divided between multiple Hem-o-lok 
clips (Teleflex Medical, Weck Drive, Research Triangle Park, NC). The pancreatic tunnel 
was now completed and the pancreas was slung with a vessel loop. The ligament of Treitz 
was mobilized and the jejunum was transected and mobilized. 

Both bowel ends were sutured to each other and retracted behind the mesenteric root to 
the right. Starting at the uncinate process of the pancreatic head, the retroperitoneum at 
the right side of the superior mesenteric artery was dissected using a sealing device (e.g. 
ENSEAL, Ethicon Endo-Surgery, Inc). The pancreas was transected with diathermia, 
whereas the pancreatic duct was cut with scissors. The gallbladder was mobilized and 
the hepatic duct transected after a bulldog had been placed at the side of the liver. 
The specimen was removed in a retrieval bag through a Pfannenstiel incision. After a 
short break of 15 to 20 minutes, the reconstruction phase started by aligning the first 
jejunal loop to the hepatic duct and pancreatic remnant. Based on the international 
expert’s preference, a pancreaticogastrostomy was performed for the initial 6 LPDs in 
1 center.15 During the remaining procedures, a pancreaticojejunostomy was performed. 
The pancreatic anastomosis was followed by a hepaticojejunostomy and antecolic 
duodenojejunostomy/gastrojejunostomy. One or 2 surgical drains were placed near the 
hepatic, pancreatic, and gastric/duodenal anastomoses.

DEFINITIONS

Conversion was defined as any laparotomy during LPD (that was planned to be a 
total laparoscopic procedure) for other reasons than trocar placement or specimen 
extraction (thus not including intentional open reconstruction).16 For conversions, 
difference was made between urgent (i.e. emergency) conversion and non-urgent (i.e. 
nonemergency) conversions.16 Major complications were defined as a Clavien-Dindo 
grade ≥ 3.17 POPF were scored according to both the 2005 and 2016 International 
Study Group on Pancreatic Surgery (ISGPS) definitions.18,19 Delayed gastric emptying 
and postpancreatectomy hemorrhage were scored according to the ISGPS definitions.20 
Hepaticojejunostomy leak was scored according to the International Study Group on 
Liver Surgery (ISGLS) definition.21 Only grade B and grade C (i.e. clinically relevant) 
ISGPS/ISGLS complications were analyzed. Surgical site infection was scored according 
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to the Centers for Disease Control and Prevention (CDC) definition.22 Resection 
margins, including transection and circumferential margins, were classified into R0 
(microscopically radical resection, distance margin to tumor ≥ 1 mm), and R1 (distance 
margin to tumor < 1 mm).23 

DATA COLLECTION

Data were prospectively collected up to 90 days postoperatively. Collected baseline 
characteristics were sex, age (years), BMI (kg/m2), comorbidity and medical history, 
American Society of Anesthesiologists (ASA) physical status, and preoperative 
biliary drainage. Collected outcomes were surgical approach (LPD or laparoscopic 
pancreatoduodenectomy with open reconstruction), pancreatic duct diameter, 
pancreatic texture (soft vs. firm), conversion, additional resection, perioperative use of 
a somatostatin analogue, operative time (minutes), estimated intraoperative blood loss 
(ml), histopathological diagnosis, tumor size (mm), resection margins and lymph node 
retrieval (in case of malignant disease), POPF, bile leakage, hemorrhage, delayed gastric 
emptying, surgical site infection, intensive care unit admission, Clavien-Dindo grade ≥ 3 
complication, length of hospital stay, readmission, and 90-day mortality. 

SURVEY 

After the training period, a 1-page survey was distributed amongst LAELAPS-2 
participants (n = 8) to assess the perceived value of different training steps. Furthermore, 
the survey assessed whether surgeons felt confident enough to start performing LPD 
themselves immediately after training, whether they would advise colleagues to complete 
the training program, and what percentage of pancreatoduodenectomies they aimed to 
perform laparoscopically after training. 

STATISTICAL ANALYSIS

Data were analyzed using IBM SPSS Statistics for Windows version 22.0 (IBM Corp, 
Armonk, New York). Normally distributed continuous data were presented as means and 
standard deviations (SD). Non-normally distributed continuous data were presented as 
medians and interquartile ranges (IQR). Categorical (binary, nominal, and ordinal) data 
were presented as frequencies and percentages. Additional analysis was performed by 
excluding laparoscopic pancreatoduodenectomy with open reconstruction, by comparing 
the different type of pancreatic anastomosis for POPF, and by comparing patients 
without vs. patients with a Clavien-Dindo grade ≥ 3 complication for length of hospital 
stay. Potential learning over time was assessed by comparing the first 50% of LPDs per 
center to the following 50% of LPDs, and by comparing cases #1–5 with cases #21–25 of 
every center. A two-sided P-value < 0.05 was considered statistically significant. 
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RESULTS

PATIENTS

In total, 114 patients underwent LPD (34, 29, 28, and 23 procedures per center), which 
was 34% of the PDs performed in these centers within the study period. Overall, 58% of 
patients were male (n = 48), mean age was 68 years (SD = 9), and mean BMI 25 kg/m2 
(SD = 5). Medical history and other characteristics are shown in Table 1. 

TABLE 1. Baseline characteristics.

Characteristic
Laparoscopic pancreatoduodenectomy

(n=114)

Female, n (%) 48 (42)

Age, y, mean (SD) 68 (9)

BMI, kg/m2, mean (SD) 25 (5)

Comorbidity and medical history, n (%)
Cardiovascular disease
Pulmonary disease
Gastrointestinal disease

Pancreatitis
Endocrine disease

Diabetes 
Oncological disease
Neurologic disease
Renal disease

86 (75)
58 (51)
16 (14)
35 (31)
12 (11)

34 (30)
26 (23)
22 (19)
20 (18)
9 (8)

ASA physical status, n (%)
1
2
3

13 (11)
68 (60)
33 (29)

Previous abdominal surgery, n (%) 36 (32)

Preoperative biliary drainage, n (%) 44 (39)

Abbreviations: SD = standard deviation, BMI = body mass index, ASA = American Society of Anesthesiologists.

OPERATIVE OUTCOMES AND PATHOLOGY

Operative details are shown in Table 2. One center started with 6 procedures for which a 
laparoscopic pancreatoduodenectomy with open reconstruction was performed (it was 
preoperatively decided to use this approach), the other 3 centers only performed LPDs. 
Median pancreatic duct diameter was 3 mm (IQR = 2–4) and 41% of patients (n = 47) 
had a diameter < 3 mm. Pancreatic texture was soft in 74% of patients (n = 84), including 
61% of patients with pancreatic ductal adenocarcinoma (PDAC). Of all LPDs, 11% (n 
= 12) were converted to open surgery. One of the procedures in which laparoscopic 
pancreatoduodenectomy with open reconstruction was performed was converted to 
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open surgery during the resection phase and this was incorporated in the 11% conversion 
rate. Conversion was urgent in 2 of these 12 patients because of uncontrollable bleeding. 
For the others (n = 10), a non-urgent conversion was performed because of vascular 
tumor involvement and/or lack of progression. Median operative time was 375 minutes 
(IQR = 320–431) and median estimated blood loss was 350 ml (IQR = 200–700). 

TABLE 2. Operative outcomes and pathology.

Outcome
Laparoscopic pancreatoduodenectomy

 (n=114)

Laparoscopic resection and reconstruction, n (%) 108 (95)

Laparoscopic resection and open reconstruction*, n (%) 6 (5)

Pancreatic duct diameter, mm, median (IQR)
Pancreatic duct diameter < 3 mm, n (%)

3 (2-4)
47 (41)

Soft pancreatic gland texture, n (%) 84 (74)

Conversion, n (%)
   Urgent conversion

12 (11)
2 (2)

Additional resection, n (%)
Superior mesenteric vein wedge resection
Partial nephrectomy

3 (3)
2 (2)
1 (1)

Pancreatic anastomosis, n (%)
Pancreaticojejunostomy
Pancreaticogastrostomy

111 (97)
6 (5)

Perioperative use of a somatostatin analogue, n (%) 68 (60)

Operative time, min., median (IQR) 375 (320-431)

Estimated intraoperative blood loss, mL, median (IQR) 350 (200-700)

Histopathological diagnosis, n (%)
Pancreatic ductal adenocarcinoma
Ampullary cancer
Distal cholangiocarcinoma
Intraductal papillary mucinous neoplasm
Duodenal cancer
Neuroendocrine tumor
Pancreatitis
Other

46 (40)
22 (19)
22 (19)
8 (7)
7 (6)
5 (4)
2 (2)
2 (2)

Tumor size, mm, median (IQR) 25 (17-30)

Malignant disease, n (%)
Perineural invasion
Lymphovascular invasion
R0 resection
Lymph nodes retrieved, median (IQR)
Tumor positive lymph nodes retrieved, median (IQR)

99 (87)
66/99 (67)
46/99 (46)
75/99 (76)

9 (5-12)
1 (0-2)

Abbreviations: IQR = interquartile range, R0 = microscopically radical resection, PDAC = pancreatic ductal 
adenocarcinoma. * Laparoscopic resection followed by open reconstruction (i.e. mini laparotomy).
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An overview of histopathological outcomes is shown in Table 2. Most patients (n = 99, 
87%) were diagnosed with malignant disease, of which 75 (75/99, 76%) underwent an 
R0 resection and median lymph node retrieval was 9 (IQR = 5–12). Of patients diagnosed 
with PDAC, 29/46 patients (63%) underwent an R0 resection. Median tumor size was 
25mm (IQR = 17–30) overall, and 25 mm (20–34) for patients diagnosed with PDAC. 

POSTOPERATIVE OUTCOMES

TABLE 3. Postoperative outcomes.

Outcome
Laparoscopic pancreatoduodenectomy

(n=114)

POPF 2005 grade B/C*, n (%)
POPF 2016 grade B/C¶, n (%)

Radiological catheter drainage for POPF
Reoperation for POPF

41 (36)
39 (34)
25 (22)

2 (2)

Bile leakage grade B/C†, n (%) 13 (11)

Hemorrhage grade B/C§, n (%) 15 (13)

Delayed gastric emptying grade B/C§, n (%) 34 (30)

Surgical site infection, n (%) 5 (4)

Unplanned ICU admission, n (%) 21 (18)

Clavien-Dindo score ≥ 3 complication, n (%) 49 (43)

Length of hospital stay, d, median (IQR) 13 (8-21)

Readmission, n (%) 25 (22)

Length of total 90-day hospital stay, d, median (IQR) 15 (9-25)

All-cause 90-day mortality, n (%)
Complication related 90-day mortality
Disease related 90-day mortality

7 (6.1)
4 (3.5)
3 (2.6)

Abbreviations: SD = standard deviation, IQR = interquartile range, POPF = postoperative pancreatic fistula, ICU = 
intensive care unit. * According to the 2005 ISGPS definition. ¶ According to the ISGPS 2016 definition. † According to 
the ISGLS definition. § According to the ISGPS definition.

Postoperative outcomes are shown in Table 3. Of all patients, 34% (n = 39) developed 
a POPF grade B/C according to the 2016 ISGPS definition. Overall, 22% (n = 25) of 
patients underwent radiological catheter drainage and 2% (n = 2) underwent surgical 
re-intervention for POPF. Grade B/C bile leakage was seen in 11% (n = 13), and none of 
these patients underwent surgical re-intervention. Grade B/C postoperative hemorrhage 
was seen in 13% (n = 15), mostly secondary to a POPF, and 1 patient underwent 
surgical re-intervention because of hemorrhage. Combining all individual complications, 
43% of patients (n = 49) developed a Clavien-Dindo grade ≥ 3 complication.
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Median length of hospital stay was 15 days (IQR = 9–25). Overall 30-day mortality and 
90-day complication-related mortality were both 3.5%. Three other patients died within 
90 days after surgery because of metastasized disease. 

ADDITIONAL ANALYSES

After excluding the 6 procedures for which it was preoperatively decided to perform 
laparoscopic resection with open reconstruction, the POPF grade B/C rate was 33% (n 
= 36), Clavien-Dindo grade ≥ 3 complication rate was 43% (n = 46), median length of 
hospital stay was 13 days (IQR = 8–20), 90-day complication-related mortality was 4% 
(n = 4). 

The risks of POPF grade B/C in the study did not differ between the types of pancreatic 
anastomosis. Comparing the first half (n = 58) and second half (n = 56) of procedures 
from every center, and comparing cases #1–5 and cases #21–25 from every center yielded 
no statistically significant differences in conversion rate, operative time, blood loss, POPF 
grade B/C rate, Clavien-Dindo grade ≥ 3 complication rate, length of hospital stay, and 
90-day complication-related mortality rate. Patients without a Clavien-Dindo grade ≥ 3 
complication had a median postoperative hospital stay of 9 (IQR = 7–12) days, in contrast 
to 23 (IQR = 15–38) days for those with a Clavien-Dindo grade ≥ 3 complication (P < 
0.001). 

SURVEY

Completing all training phases by a single surgeon took around 35 hours (Figure 1). 
The participating surgeons considered proctoring on-site as the most important step 
(median score 4.5/5), followed by proctoring off-site (median score 4/5), detailed 
technique description (median score 3.5/5) and video training (median score 3/5). All 
surgeons (100%) considered the training program sufficient to start performing LPD 
by themselves and would advise colleagues to complete the training program before 
starting with LPD. After training, participating surgeons aimed to perform 20% to 60% of 
pancreatoduodenectomies laparoscopically. 

DISCUSSION

This is the first report of a multicenter training program in LPD. The training program 
proved to be feasible in the Dutch healthcare setting and was followed by acceptable 
outcomes including 11% conversion, 43% Clavien-Dindo grade ≥ 3 complication rate, 
median hospital stay of 15 days and 4% complication-related 90-day mortality rate, 
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without a detectable change of outcomes over time. Importantly, the latter could also be 
due to a statistical type 2 error. The POPF rate (34%) was relatively high, although similar 
to series from expert centers,7 and requires further attention and improvement. 

Cohorts of LPD that include the first procedures performed during the learning curve 
are rarely published.7,24–27 The same lack of transparency applies to registry studies, as the 
surgeon’s experience with LPD prior to the study period is unknown.3,6 No reports on 
first experiences with LPD in a multicenter setting are available. This is important since 
inferior patient outcomes could especially be expected in this very early learning phase 
(i.e. first 20 procedures).3 In the current era, where surgeons are considering to start with 
LPD, it is crucial to provide information whether one can mitigate the learning curve, 
such that patients and health care professionals can be informed of a potential increased 
risk of complications. We attempted to minimize the risks of the learning curve phase by 
starting with LPD within a dedicated training program only. Although statistical power 
might not have been sufficient, a notable learning curve was not seen in the current series 
as we did not see a significant improvement of outcomes over time. The LAELAPS-2 
program was shown to be safe in terms of postoperative morbidity and mortality, which 
were comparable to those seen in randomized controlled trials performed on open 
pancreatoduodenectomy in the Netherlands (4%–10% 90-day mortality).28,29 

The anastomoses performed during LPD are the main topic of concern. For this initial 
experience in the Netherlands, patients selected for LPD were at relatively higher risk 
for POPF due to a small pancreatic duct diameter and soft pancreatic texture in the 
vast majority of cases.30 With 22% of patients undergoing radiological drainage and 
2% a reoperation because of a POPF, the overall POPF rate (34%) was high. This 34% 
is however close to the upper range of the 20% to 29% POPF rate seen in European 
multicenter randomized controlled trials on open pancreatoduodenectomy.31,32 Many 
series on LPD lack data on bile leakage.3,26,33,34 The rate of grade B/C bile leakage in our 
series was high (11%) compared with open procedures in the Netherlands.35 This could 
perhaps be explained by the fact that the hepatic duct was only dilated in a minority 
of patients but also by technical problems. Time will tell whether this percentage will 
improve along with growing surgical experience. Randomized studies are required to 
compare the rates of POPF and bile leakage in this setting between laparoscopic and 
open pancreatoduodenectomy. The R0 resection rate and the average number of resected 
lymph nodes during LPD (n = 9) were not different from that reported in a recent Dutch 
study, nor from that reported in a recent international meta-analysis.36,37 

Comparing the first and second part of procedures did not show a significantly 
improvement of outcomes, possibly related to the structured approach within the 
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LAELAPS-2 training program, and the participants’ previous experience in open 
pancreatic surgery and laparoscopic gastrointestinal surgery. The ‘‘feasibility learning 
curve’’, comprising of safety parameters such as conversion, complications, and 
mortality, as previously reported for minimally invasive distal pancreatectomy,38 might be 
shortened by the LAELAPS-2 training program. However, ‘‘proficiency outcomes’’, such 
as operative time and intraoperative blood loss, are likely to improve in the future, as is 
potentially the case for the POPF rate. 

One center within our group started with laparoscopic pancreatoduodenectomy with 
open reconstructions in 6 patients. This strategy was previously described,39 but to date 
it is still uncertain whether it influences outcomes. Such a step-wise introduction can 
certainly be applied and could be advocated when performing these procedures without 
structured training programs. However, differences in outcomes after laparoscopic 
pancreatoduodenectomy with open reconstruction and LPD are lacking but it might 
support the learning curve. This topic is however interesting to assess in a large study, 
because the surgical anastomoses are considered the Achilles’ heel of LPD and this could 
be eliminated by the use of open reconstruction as surgeons can preserve and apply 
technique and skills used during open surgery. Another proposed strategy is the use of 
a robot-assisted approach.40 In collaboration with the Pittsburgh group we have recently 
started the LAELAPS-3 program on robot-assisted pancreatoduodenectomy, which is 
based on LAELAPS-2 but also includes dry-lab bio tissue drills and video-based technical 
grading of surgical procedures. This will give the opportunity to compare outcomes of 
initial LPDs with initial robot-assisted pancreatoduodenectomies. Dry-lab bio tissue 
drills are now also available for surgeons who already completed LAELAPS-2, to keep 
their surgical skills at a certain level, and for surgeons who are nowadays willing to start 
performing LPD. The latter will have to complete both the dry-lab bio tissue curriculum 
and the LAELAPS-2 training program in LPD. 

In the Netherlands, the quality of LPDs in centers who performed a median of 35 
pancreatoduodenectomies annually (open and laparoscopic combined) seems to be of 
sufficient to safely start with a randomized comparison of minimally invasive and open 
pancreatoduodenectomy (LEOPARD-2). This multicenter randomized controlled 
patient-blinded trial is currently being performed in centers who completed LAELAPS-2, 
and passed the feasibility learning curve of 20 procedures. This cutoff for the ‘‘feasibility 
learning curve’’ was confirmed in a recent worldwide survey on minimally invasive 
pancreatic surgery.41 The LEOPARD-2 trial is expected to be completed in 2018, as to 
date over 50% of patients have been randomized.13 
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Despite its rather unique character, this study has several limitations. First, the 
generalizability of this study is uncertain as the specific surgical experience of surgeons 
participating in the LAELAPS-2 training program and the characteristics of the Dutch 
healthcare setting is likely to be of considerable influence on outcome. In this case, all 
participating surgeons had extensive experience in open pancreatic surgery, advanced 
laparoscopic gastrointestinal surgery, and minimally invasive distal pancreatectomy. 
Second, the results of centers who performed > 20 LPDs were herein reported, but 
nationwide results of the other 5 centers who just started their training in laparoscopic or 
robot-assisted PD have to be awaited. Third, the exact surgical technique differed between 
centers. As in open surgery, surgical preferences are strong regarding the pancreatic 
anastomosis and surgeons have specific experiences with open pancreatoduodenectomy, 
which they incorporate in their LPDs as well. However, no differences between POPF 
grade B/C were detected between the types of pancreatic anastomosis. Because of 
limited numbers of patients within this additional analysis, it obviously does not exclude 
a type 2 error, and the potential of still being early in the learning curve. Improvement 
of outcomes can still happen and should therefore be assessed after gathering more data 
for analysis. Fourth, a direct comparison to open pancreatoduodenectomy would be of 
interest. We were not able to do so because of the impact of patient selection. However, 
a randomized controlled trial (LEOPARD-2), which is currently being performed in the 
Netherlands, will hopefully provide answers.13 

CONCLUSIONS

A multicenter training program in LPD is feasible and safe within the Dutch healthcare 
setting. Clinical outcomes, including mortality rates, are acceptable and seem to be 
in line with those of open pancreatoduodenectomy, although the rate of POPF and 
biliary leakage are currently observed closely in the ongoing LEOPARD-2 randomized 
controlled trial. Implementation of LPD within a structured training program, including 
close monitoring of outcomes, is therefore recommended. 

FUNDING
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ABSTR ACT

Background. Data from observational studies suggest that minimally invasive 
pancreatoduodenectomy (MIPD) is superior to open pancreatoduodenectomy regarding 
intraoperative blood loss, postoperative morbidity, and length of hospital stay, without 
increasing total costs. However, several case-matched studies failed to demonstrate 
superiority of MIPD, and large registry studies from the United States even suggested 
increased mortality for MIPDs performed in low-volume (< 10 MIPDs annually) 
centers. Randomized controlled multicenter trials are lacking but clearly required. We 
hypothesize that time to functional recovery is shorter after MIPD compared with open 
pancreatoduodenectomy, even in an enhanced recovery setting. 

Methods/design. LEOPARD-2 is a randomized controlled, parallel-group, patient-
blinded, multicenter, phase 2/3, superiority trial in centers that completed the 
Dutch Pancreatic Cancer Group LAELAPS-2 training program for laparoscopic 
pancreatoduodenectomy or LAELAPS-3 training program for robot-assisted 
pancreatoduodenectomy and have performed ≥ 20 MIPDs. A total of 136 patients with 
symptomatic benign, premalignant, or malignant disease will be randomly assigned to 
undergo minimally invasive or open pancreatoduodenectomy in an enhanced recovery 
setting. After the first 40 patients (phase 2), the data safety monitoring board will assess 
safety outcomes (not blinded for treatment allocation) and decide on continuation to 
phase 3. Patients from phase 2 will then be included in phase 3. The primary outcome 
measure is time (days) to functional recovery. All patients will be blinded for the surgical 
approach, at least until postoperative day 5, but preferably until functional recovery has 
been attained. Secondary outcome measures are operative and postoperative outcomes, 
including clinically relevant complications, mortality, quality of life, and costs. 

Discussion. The LEOPARD-2 trial is designed to assess whether MIPD reduces time 
to functional recovery, as compared with open pancreatoduodenectomy in an enhanced 
recovery setting. 

Trial registration. Netherlands Trial Register, NTR5689. Registered on March 2, 2016. 
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INTRODUCTION

Pancreatoduodenectomy is the only potential curative treatment option for periampullary 
cancer and premalignant tumors. In 1994, minimally invasive pancreatoduodenectomy 
(MIPD) was introduced.1 After a slow introduction, the use of MIPD has increased rapidly 
in recent years. Several cohort studies have suggested that MIPD is safe and feasible when 
performed by experienced surgeons in high-volume centers.2,3 However, the benefits of 
MIPD in real-life clinical practice remain unclear. On the one hand, meta-analysis of 
cohort studies showed that MIPD is associated with decreased intraoperative blood loss 
(weighted mean difference = -384 ml, P < 0.01), less delayed gastric emptying (odds ratio 
= 0.7, P < 0.01) and decreased length of hospital stay (weighted mean difference = -3 
days, P < 0.01) compared with open pancreatoduodenectomy. On the other hand, MIPD 
increases operative time significantly and registry studies have expressed concerns on its 
safety.4 Compared with open pancreatoduodenectomy, mortality might be doubled after 
MIPD in low-volume centers performing fewer than 10 MIPD procedures annually (8% 
vs. 3%, P < 0.01).4 These studies raise concerns about the feasibility and generalizability 
of MIPD and clearly demonstrate the need for a randomized controlled trial, especially 
in this era when minimally invasive pancreatic surgery is gaining popularity worldwide.2,5 

The cost-effectiveness and quality of life associated with MIPD have currently only been 
reported in small observational studies.6 These studies reported higher operative costs of 
MIPD, which were compensated by lower postoperative costs because of shorter hospital 
stay.3 However, the limited sample sizes of these studies do not allow reliable conclusions. 
Moreover, outcomes of open pancreatoduodenectomy have also improved in recent 
years with enhanced recovery strategies leading to shorter postoperative hospital stay.7 
These parameters should therefore be assessed in a multicenter randomized trial using an 
enhanced recovery setting for both MIPD and open pancreatoduodenectomy. 

In the Netherlands, a platform for such a multicenter randomized trial has been created 
by the Dutch Pancreatic Cancer Group (DPCG), a nationwide multidisciplinary group 
including all 17 centers performing pancreatic surgery in the Netherlands. The DPCG 
followed the internationally accepted Idea, Development, Exploration, Assessment, and 
Long-term (IDEAL) study framework for surgical innovation for the implementation 
of minimally invasive pancreatic surgery in the Netherlands.8–10 Since 2014, the DPCG 
successfully implemented minimally invasive distal pancreatectomy in all Dutch pancreatic 
centers within the LAELAPS (longitudinal assessment and realization of laparoscopic 
pancreatic surgery) project.11 Thereafter, the DPCG initiated a similar nationwide 
training program for laparoscopic pancreatoduodenectomy (the LAELAPS-2 project).12 
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This program included detailed technique description, video training, and proctoring 
sessions (on-site and off-site) by (inter)national experts. Analysis of outcomes of 114 
MIPDs performed within LAELAPS-2, in the first four DPCG centers that performed 
> 20 MIPDs, showed an 11% conversion rate, a 43% Clavien-Dindo ≥ 3 complication 
rate, and a 4% complication-related 90-day mortality.12 Hereafter, a structured training 
program in robot-assisted pancreatoduodenectomy using the Pittsburgh approach (the 
LAELAPS-3 project) was implemented.13 Based on these outcomes and the IDEAL 
study framework,8–10 it was decided that a randomized controlled trial was indicated in 
those centers that performed at least 20 MIPDs. 

The LEOPARD-2 trial follows the LEOPARD-1 trial on minimally invasive vs. open 
distal pancreatectomy but has a phase 2/3 design to assess patient safety more closely.14 
The aim of the LEOPARD-2 trial is to compare time to functional recovery after surgery, 
complications, quality of life, and costs after MIPD vs. open pancreatoduodenectomy, 
within an enhanced recovery setting. 

METHODS

DESIGN

The LEOPARD-2 trial is a randomized controlled, parallel-group, patient-blinded, 
multicenter, phase 2/3, superiority trial investigating the safety and effectiveness of 
MIPD vs. open pancreatoduodenectomy, in an enhanced recovery setting at high-
volume (≥ 20 pancreatoduodenectomies annually) pancreatic centers who completed a 
dedicated MIPD training program. Eligible patients will be randomized in a 1:1 ratio to 
either minimally invasive or open pancreatoduodenectomy. 

TRIAL POPULATION

All adult patients with an indication for elective pancreatoduodenectomy because 
of malignant, premalignant, or symptomatic benign disease in the pancreatic and 
periampullary region will be screened for eligibility. 

INCLUSION CRITERIA

Inclusion criteria are as follows:

• Age at least 18 years;
• Indication for elective pancreatoduodenectomy;
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• Both minimally invasive and open pancreatoduodenectomy feasible, according to 
the surgical team (based on computed tomography performed a maximum of 4 
weeks before surgery);

• Fit to undergo pancreatoduodenectomy, according to the surgical and anesthesiologic 
team.

EXCLUSION CRITERIA 

Exclusion criteria are as follows:

• Tumor involvement of portal vein, superior mesenteric vein, superior mesenteric 
artery, or hepatic artery (based on computed tomography performed a maximum of 
4 weeks before surgery);

• Body mass index > 35 kg/m2;
• Neo-adjuvant pancreatic radiotherapy;
• Second cancer requiring resection during the same procedure;
• Pregnancy;
• Participation in another study with interference of study outcomes. 

RANDOMIZATION

Eligible patients will be recruited at the outpatient clinic. Written informed consent must 
be provided before inclusion. Included patients will be randomized centrally by the study 
coordinators (T.d.R. and J.v.H.) using an online randomization module (ALEA, Clinical 
Research Unit, Academic Medical Center, Amsterdam, The Netherlands) in a 1:1 ratio 
between MIPD and open pancreatoduodenectomy (Figure 1). Randomization will be 
stratified by center to balance differences in surgical procedure and general treatment 
regimen and by the preoperative probability of developing a postoperative pancreatic 
fistula: high risk (i.e. pancreatic duct diameter < 3 mm or body mass index > 25 kg/m2) 
vs. low risk (i.e. pancreatic duct diameter ≥ 3 mm and body mass index ≤ 25 kg/m2). 
Stratification based on intraoperative patient characteristics was considered impossible. 
Permuted-block randomization will be used to provide treatment allocation in equal 
proportions, with block sizes ranging from 2 to 6, subject to random variation. This will 
be concealed to all investigators involved in the trial.

INTERVENTION: MINIMALLY INVASIVE PANCREATODUODENECTOMY

Here we describe the standard operative technique. Small variations according to 
the surgeon’s preference, such as a different order of steps or pancreatic anastomosis 
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technique, are allowed, but must be recorded in the case record form. Both laparoscopic 
surgery and robot-assisted surgery, e.g. using the daVinci® Surgical System, are allowed as 
both are considered equivalent methods of MIPD.

All procedures are performed by two trained gastrointestinal surgeons (see section on 
quality and safety). Patients are under general anesthesia; epidural is not mandatory. 
The patient is placed in a supine position on a bean bag. The right arm is placed along 
the body and the left arm in 90° abduction. The suprapubic region is kept free for a 
Pfannenstiel incision. Trocars are placed in a soft semicircular fashion: subumbilical 
(12 mm trocar), left and right to the umbilicus (two 12 mm trocars), 4 cm subcostal 
(two 5 mm trocars), with an optional 5 mm subxiphoïdal trocar for liver retraction. 
Diagnostic laparoscopy is performed to rule out metastasis. The cystic duct and artery are 
transected, the gallbladder is partly mobilized and sutured to the anterior abdominal wall 
for liver retraction. Likewise, the round ligament is retracted to the anterior abdominal 
wall, with either a suture or retractor. The lesser sac is opened and a Kocher maneuver 
is performed. The inferior border of the pancreas and the superior mesenteric vein are 
visualized. The gastro-epiploic artery and vein are transected. Lymph node station 8a 
is dissected, followed by identification of the hepatic artery, gastroduodenal artery, and 
portal vein. The gastroduodenal artery is transected between multiple Hem-o-lok clips 
(Teleflex Medical, Research Triangle Park, North Carolina, United States). A tunnel is 
created under the pancreas and a 15-cm long vessel loop is passed and secured to itself. 
The stomach is transected just proximal or distal to the pylorus using an endostapler after 
temporary removal of the nasogastric tube. The pancreas is transected using diathermia 
or an ultrasonic or sealing device, but the pancreatic duct is transected sharply with 
scissors and intubated to ensure that it is open. The first jejunal limb is dissected from 
the peritoneal reflections, transected using an endostapler, and fully mobilized. The two 
jejunal ends are fixated using a suture, thus facilitating passing behind the mesenteric 
root. After retracting the duodenum and jejunum to the right side of the mesenteric root, 
the duodenum is stretched and the uncinate process is mobilized. First, the superior 
mesenteric vein and then the superior mesenteric artery branches are mobilized until the 
pancreatic head is fully dissected. The common hepatic artery is followed up to the right 
hepatic artery. Retroportal lymph nodes are resected according to the International Study 
Group on Pancreatic Surgery guidelines.15 The hepatic duct is tunneled and transected. 

After a 15–20 min break, a modified Blumgart pancreatojejunostomy is performed 
(preferably using 3D laparoscopy) using four 3/0 V-loc barbed sutures (Covidien, New 
Haven, Connecticut, United States), a 10 cm 6–8 Fr internal pancreatic stent, and four 
to six duct-to-mucosa sutures (Vicryl (Ethicon Inc., Cincinnati, Ohio, United States) or 
Novosyn (B. Braun, Melsungen, Germany). In this way, the jejunal wall is folded around 
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the pancreatic stump. Approximately 5–7 cm distally, on the same jejunal loop, an end-
to-side hepaticojejunostomy is performed, either using 10–15 12 cm long Vicryl 4/0 
interrupted sutures or either two 4/0 V-loc barbed (Covidien, New Haven, Connecticut, 
United States) or polydioxanone (Ethicon Inc., Cincinnati, Ohio, United States) running 
sutures. Through a right subcostal stab incision, a 27 Fr surgical drain is placed through 
Winslow up to the superior border of the pancreaticojejunostomy. Cholecystectomy is 
now completed. An antecolic 4–5 cm end-to-side gastrojejunostomy is performed using 
an endostapler, and closed using a V-loc barbed 3/0 suture (Covidien, New Haven, 
Connecticut, United States). In the case of a pylorus-preserving pancreatoduodenectomy, 
an end-to-side duodenojejunostomy is performed using running V-loc barbed 3/0 
sutures (Covidien, New Haven, Connecticut, United States). The specimen is extracted 
through a Pfannenstiel incision, which is subsequently closed in layers. A second surgical 
drain is placed from the right, at the inferior border of the pancreaticojejunostomy with 
the tip under the gastrojejunostomy. Alternatively, this second drain may be placed from 
the left. After hemostatic control, trocars are removed and all 12 mm fascia openings and 
the skin are closed. Optionally, preperitoneal continuous wound catheters are placed.16 
For robot-assisted pancreatoduodenectomy, the Pittsburgh approach is followed.17

CONTROL: OPEN PANCREATODUODENECTOMY

Patients undergo multimodal pain therapy with either an epidural catheter or preperitoneal 
wound catheters with patient controlled analgesia.16 Subcostal laparotomy is performed. 
The steps taken are essentially similar to MIPD but the variation in technique is expected 
to be larger. Since outcomes of open pancreatoduodenectomy in the Netherlands are 
good, the surgical technique in the control arm reflects their usual practice; also, the 
anastomoses will be performed according to local protocol. 

Procedure variations according to the surgeon’s preference are allowed, but must be 
recorded in the case record form. A surgical drain can be placed.

CONVERSION FROM MINIMALLY INVASIVE TO OPEN PANCREATODUO-
DENECTOMY

Conversion is defined as any MIPD (laparoscopic or robot-assisted) in which a skin 
incision is used for reasons other than trocar placement or specimen extraction. An 
unplanned open reconstruction in a patient randomized for MIPD in whom the 
procedure was started minimally invasively (i.e. procedure with laparoscopic resection 
and open reconstruction) will be reported as conversion. Patients allocated to MIPD who 
undergo intraoperative conversion to open pancreatoduodenectomy will still be analyzed 
in the MIPD group according to intention-to-treat principles. Reasons for conversion are 
registered and categorized in urgent and non-urgent conversions.18
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FIGURE 1. LEOPARD-2 trial flow diagram according to SPIRIT36.
EQ-5D-3L, Euro-QoL five health dimension’s questionnaire; HA, hepatic artery; IC, informed 
consent; PV, portal vein; QLQ-C30, Quality of life questionnaire including 30 questions; SMA, 
superior mesenteric artery; SMV, superior mesenteric vein.

PATIENT BLINDING

Patients will be blinded until functional recovery has been reached or at least up to day 
5 postoperatively using a large (40 cm × 40 cm) abdominal dressing, which is fixated on 
the abdomen at the end of the surgical procedure. The quality of blinding is assessed by 
asking patients whether they think the operation was performed minimally invasive or 
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via an open approach on day 3 and just before removing the abdominal dressing (i.e. 
when functional recovery has been reached, or on day 5). If earlier inspection is required, 
attempts are made to maintain patient blinding unless there is a medical reason to remove 
the dressing (e.g. wound infection). Previous trials in the Netherlands have found this 
approach feasible.14,19,20 A complete double-blinding, including blinding of medical and 
nursing ward staff, is not considered feasible.

GENERAL TREATMENT REGIMEN

Postoperative care is similar in both arms per center and based on the enhanced recovery 
after surgery (ERAS®) principle, which includes pain control, early mobilization, and 
expansion of oral intake, as desired by the patient. Enhanced recovery is standard practice 
in participating centers. When patients are functionally recovered, they are essentially 
medically ready to be discharged. Discharge will however take place after shared 
decision making between the patient and the local treating team and may be delayed by 
arrangement of home care (e.g. for drain management). 

PRIMARY OUTCOME MEASURE

The primary outcome measure is time to functional recovery (days), which will be daily 
assessed by the nurses and ward physicians, and cross-checked by the trial coordinators. 
Functional recovery is reached when all of the following criteria are met:14

• Adequate pain control with oral analgesia only;
• Restoration of mobility to an independent level (or to preoperative level if previously 

impaired);
• Ability to maintain sufficient caloric intake (minimum of 50% required calories);
• Absence of intravenous fluid administration;
• No signs of active abdominal infection (in the case of suspected or known abdominal 

infection this item is met when the patient has no fever, and serum C-reactive protein 
concentration is decreasing and below 150 mg/L).

SECONDARY OUTCOME MEASURES

The most important secondary outcome measure is the overall rate of Clavien-Dindo 
grade ≥ 3 complications. Other secondary outcome measures include total procedure 
time, operative time (first incision to skin closure), intraoperative blood loss, conversion, 
complications (pancreatic fistula, delayed gastric emptying, chyle leakage, postoperative 
bleeding, bile leakage, gastro- or duodenojejunostomy leakage, wound infection), re-
intervention (radiologic, endoscopic, or surgical), hospitalization parameters (intensive 
care unit admission, readmission, length of hospital stay, total of hospitalized days during 
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follow-up), adjuvant chemotherapy in patients with cancer, mortality, and pathology 
outcomes (resected specimen size, tumor size, histopathological diagnosis, resection 
margins (in patients with cancer), lymph node retrieval, tumor positive lymph node 
retrieval (in patients with cancer), perineural and lymphovascular tumor invasion (in 
patients with cancer), quality of life (EQ-5D-3L and QLQ-C30 questionnaires), survival, 
and costs. 

DATA COLLECTION AND FOLLOW-UP

Baseline characteristics will be collected before randomization using standardized case 
record forms; this comprises age (years), sex, performance status (Karnofsky score), 
WHO physical status, American Society of Anesthesiologists physical status, body mass 
index (kg/m2), Malnutrition Universal Screening Tool score, medical history, symptoms 
and duration of symptoms, conclusion preoperative imaging, tumor size on imaging, 
TNM (tumor, node, metastasis) stage on imaging, pancreatic duct diameter on imaging 
(measured at the level of the portal vein), tumor involvement of other organs, preoperative 
expected diagnosis, preoperative biliary drainage, and use of somatostatin analogs. 
Operative characteristics include pancreatic texture (soft vs. firm), pancreatic duct 
diameter (mm), and type of anastomoses. Primary and secondary outcome measures will 
be collected after randomization up to 3 months postoperatively using standardized case 
record forms by the local treating physicians or the study coordinators. The case record 
forms and the database will be cross-checked with source data by the study coordinators. 
Patients will be asked to complete validated questionnaires on postoperative days 2, 4, 
and 6 (EQ-5D-3L) and at 2 weeks, 4 weeks, and 12 weeks postoperatively (EQ-5D-3L 
and QLQ-C30). Please see Figure 1. Long-term follow-up results of the LEOPARD-2 
trial (including complications and quality of life) will be published separately.

DEFINITIONS

The pancreatic and periampullary region is defined as the pylorus, the duodenum, the 
pancreatic head, and the distal bile duct. Complications are classified using the Clavien- 
Dindo score.21 Major complications are defined as Clavien-Dindo grade ≥ 3. Pancreatic 
fistula22,23, chyle leakage24, delayed gastric emptying25, and postpancreatectomy 
hemorrhage26 are classified using the International Study Group on Pancreatic Surgery 
definitions. Bile leak is scored using the International Study Group on Liver Surgery 
definition.27 Surgical site infection is classified according to the Centers for Disease 
Control and Prevention definition.28 In the case of malignancy, resection margins, 
including transectional and circumferential margins, are classified as R0 (distance margin 
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to tumor ≥ 1 mm), R1 (distance margin to tumor < 1 mm) and R2 (macroscopically 
tumor positive margin).29 The TNM stage will be classified according to the American 
Joint Committee on Cancer classification, 7th and 8th editions.

QUALITY AND SAFETY

All participating surgeons have at least 5 years of experience in open 
pancreatoduodenectomy. Surgeons who have completed LAELAPS-1 training in 
minimally invasive distal pancreatectomy and LAELAPS-2 training in MIPD, and who 
have performed at least 20 MIPDs can participate in the LEOPARD-2 trial. For robot-
assisted pancreatoduodenectomies, surgeons will have completed the LAELAPS-3 
training program, consisting of the daVinci® training course, video training, bio tissue 
training, and proctoring on-site according to the Pittsburgh approach. Surgeons are 
considered to have passed the learning curve for safety parameters associated with 
MIPD after performing 20 MIPDs (excluding procedures with open reconstruction), as 
confirmed by a recent worldwide survey.5 To obtain a high quality of surgical care in the 
LEOPARD-2 trial, the protocol committee developed six quality criteria that must be 
met to allow participation in the trial. All participating surgeons will have to meet the 
following criteria: 

• Performed ≥ 50 advanced minimally invasive gastrointestinal procedures (advanced 
laparoscopic gastrointestinal procedure: defined arbitrarily as any laparoscopic 
gastrointestinal procedure beyond diagnostic laparoscopy, cholecystectomy, and 
appendectomy);

• Completed LAELAPS-1 training in minimally invasive distal pancreatectomy;
• Completed LAELAPS-2 training in MIPD;
• Performed ≥ 50 pancreatoduodenectomies (either MIPD or open 

pancreatoduodenectomy);
• Performed ≥ 20 MIPDs;
• Employed in a center in which ≥ 10 MIPDs and ≥ 20 pancreatoduodenectomies 

(minimally invasive and open) are performed annually. This cut-off for MIPD 
is based on a large registry study from the United States.30 The cut-off for all 
pancreatoduodenectomies is similar to the current guideline of the Dutch surgical 
society.

Surgical videos of procedures performed within the MIPD group will be collected. 
Technical quality will be assessed at the end of the study by an independent expert. All 
(serious) adverse events up to 3 months postoperatively will be recorded. Only serious 
adverse events will be reported through a web portal to the central committee on research 
involving human subjects (in Dutch: Centrale Commissie Mensgebonden Onderzoek) 
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and the accredited institutional review board (www.toetsingonline.nl). This includes all 
serious adverse events that necessitate intensive care unit admission, surgical intervention, 
or readmission, or result in (all-cause) mortality. The remaining events are recorded in an 
annual overview list. An independent data safety monitoring board will discuss safety 
parameters after 25, 40 (i.e. at completion of phase 2), 80, and 110 inclusions. The data 
safety monitoring board exists of an independent statistician or epidemiologist, an 
independent gastroenterologist, and an independent surgeon (who will chair the board). 
The advice of the data safety monitoring board meeting will be shared with the steering 
committee and the sponsor of the trial. 

GO/NO GO DECISION

After completion of phase 2, the results will be discussed in a meeting of the data safety 
monitoring board and the protocol committee. This moment is considered the “go/
no-go” decision. Phase 3 of the LEOPARD-2 trial will only follow when the data safety 
monitoring board and the protocol committee have no concerns on patient safety. The 
conclusions of the data safety monitoring board and the protocol committee will be sent 
to the medical ethics review committee. 

STATISTICAL ASPECTS

Sample size calculation
The LEOPARD-2 trial is designed as a phase 2/3 superiority trial, hypothesizing that 
the postoperative time to functional recovery is shorter after minimally invasive than 
open pancreatoduodenectomy. Based on a systematic review and meta-analysis4, a time 
to functional recovery of 14 days in the control group (open pancreatoduodenectomy) 
vs. 11 days in the intervention group (MIPD) is expected, with a standard deviation 
of 5 days. Significance level (α) is set at 0.05 and power (1 − β) at 80%. Including 10% 
of cross-over from MIPD to open pancreatoduodenectomy, 2% loss to follow-up rate 
(based on previous surgical trials in the Netherlands), 10% of patients with metastasized 
disease (included, but oversampled to allow sufficiently powered per-protocol analyses), 
and after dividing by the asymptotic relative efficiency parameter of the Mann-Whitney 
U test (0.955) because of expected non-normally distributed data, 68 patients will be 
randomized in each group. Thus, in total 136 patients will be randomized within the 
LEOPARD-2 trial.

Statistical analysis 
Primary and secondary outcomes will be cross-checked with data from primary sources 
and a blinded adjudication committee (blinded for treatment allocation) will check them 
against the definitions, which were established before the start of this trial. Categorical 
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variables will be compared using the chi-square or Fisher’s exact test as appropriate, and 
values will be expressed as proportions with corresponding risk ratios and 95% confidence 
intervals. The distribution of continuous variables will be determined using visual 
inspection and the Kolmogorov-Smirnov test. For comparison of normally distributed 
continuous variables the independent-samples t-test will be used and values will be 
expressed as means with standard deviations. Continuous non-normally distributed 
variables will be compared using the Mann-Whitney U test and values will be expressed 
as medians with interquartile ranges. 

The primary endpoint is a time-to-event endpoint. However, considering that (a) 
the duration of recovery will most probably be censored in only 4% of patients at a 
maximum and that (b) taking the full length of the postoperative observation period as 
a proxy estimate for the time to recovery in these outlying patients will hardly affect the 
comparison of the study groups because of the non-parametric testing strategy with the 
Mann-Whitney U test and, finally, that (c) a power of 80% for a Kaplan-Meier analysis as 
its best alternative can only be achieved at the cost of a much higher and infeasible patient 
inclusion rate, we will analyze the data as if no censoring takes place. Additionally, the 
percentage of patients per study arm who do not recover during the observation period 
will be reported as a secondary outcome measure. 

A difference with a two-tailed P-value < 0.05 will be considered statistically significant. 
A multivariable linear regression model will be used to assess potential differences in 
primary outcome between groups in the presence of potentially confounding factors. 
Linear mixed modeling will be applied to estimate differences between groups in 
successive EQ-5D-3 L and QLQ-C30 assessments over time. For exploratory purposes, 
a secondary analysis will be performed, comparing outcomes for patients with pancreatic 
ductal adenocarcinoma vs. other disease, comparing completed minimally invasive (i.e. 
no conversion) vs. open pancreatoduodenectomy and comparing time to functional 
recovery between minimally invasive and open pancreatoduodenectomy in complicated 
(Clavien-Dindo grade ≥ 3 complication) and uncomplicated cases and for the impact of 
robot-assisted vs. laparoscopic pancreatoduodenectomy. A non-inferiority analysis will 
be performed for Clavien-Dindo grade ≥ 3 complications. The study has an 80% power (α 
= 0.05) to confirm noninferiority of minimally invasive vs. open pancreatoduodenectomy, 
when 15% fewer patients experience a clinically relevant complication in the intervention 
group than the control group (non-inferiority margin set at 8%). In the intervention 
group, robot-assisted procedures may be performed. The proportion of robot-assisted 
procedures is expected to be less than 20%; these will be analyzed separately during cost-
analysis.



278

CHAPTER XIV

PREMATURE TERMINATION OF THE STUDY

After the start of LEOPARD-2 phase 3, no interim analysis will be performed, since 
this is the first multicenter trial on this topic and any outcome would add to the existing 
knowledge and be relevant for clinicians worldwide. Also, no stopping rule for superiority 
will be used since the number of expected events is too small. An independent, unblinded 
data safety monitoring board will analyze safety end points and may advise the trial 
steering committee to adjust or stop the study, or to perform a full interim analysis. 

DISSEMINATION POLICY

The results of the LEOPARD-2 trial will be submitted to a peer-reviewed journal 
regardless of the study outcome. Authorship will be based on international guidelines. 
Participants who do not fulfill the authorship criteria will be listed as “collaborator”. 

DISCUSSION

The LEOPARD-2 trial is a multicenter randomized controlled phase 2/3 trial designed to 
assess whether MIPD is associated with a shorter time to functional recovery than open 
pancreatoduodenectomy. LEOPARD-2 follows the LEOPARD-1 trial on minimally 
invasive vs. open distal pancreatectomy and the Longitudinal Assessment and Realization 
of Minimally Invasive Distal Pancreatectomy in the Netherlands training programs 
(LAELAPS-1, -2 and -3) in minimally invasive distal pancreatectomy, laparoscopic, 
and robot-assisted pancreatoduodenectomy.11,12 These programs were initiated by the 
DPCG, a national collaboration of surgeons, gastroenterologists, medical oncologists, 
pathologists, (interventional) radiologists, dietitians, and nurses. 

All randomized controlled trials on new surgical techniques face a dilemma over when 
to start including patients. During the design phase of the LEOPARD-2 trial, the timing 
of the start of the trial in relation to the learning curve was discussed at several meetings. 
Previous surgical trials on minimally invasive surgery have been criticized for their timing, 
because of either starting too early or too late. For instance, the multicenter, randomized 
controlled MANCHET trial on minimally invasive fundoplication in gastro-esophageal 
reflux disease was criticized for starting too early (i.e. before completion of the learning 
curve) with consequently inferior results for the minimally invasive approach.31,32 This was 
confirmed by a follow-up study (i.e. after the learning curve) by the same group, which 
found superior outcomes for minimally invasive fundoplication. Recently, the ORANGE 
trial on minimally invasive liver surgery was stopped early because of slow accrual owing 
to strong patient and surgeon preference for the minimally invasive approach.19 One 
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could conclude that this trial was initiated too late, in a phase when both patients and 
surgeons felt the minimally invasive approach was shown to be superior, and the essential 
period of perceived surgical equipoise had already been passed. 

The DPCG initiated a structured training program for minimally invasive pancreatic 
surgery in the Netherlands. After training in minimally invasive distal pancreatectomy 
(LAELAPS-1), outcomes were superior as compared with the period prior to 
training, including 8% conversion rate and 0% mortality in 130 minimally invasive 
procedures. Consequently, the same teams of surgeons were trained in laparoscopic 
pancreatoduodenectomy (LAELAPS-2). Again, outcomes were sufficient, including 
11% conversion and 4% complication-related mortality in the first 114 procedures from 
four centers who completed ≥ 20 MIPDs.12 Next, the length of the learning curve was 
discussed, taking the argument on timing (not too early, not too late) into account. 
Based on the results for the first 114 procedures and a previous report, a minimum of 
20 total minimally invasive procedures was decided to be the cut-off to participate in the 
LEOPARD-2 trial.33 

This cut-off of 20 procedures was also reported in an international survey among 435 
pancreatic surgeons.5 Possibly, better outcomes could be obtained with higher cut-offs, 
such as 80 procedures as reported in a study for operative time, but not for conversion 
or mortality, where 20 procedures seemed to suffice.34 However, as this study does 
not focus on operative time as the primary endpoint measure and such a high cut-off 
might lead to the danger of performing the trial too late, leading to passing the critical 
period of equipoise and both the patient’s and doctor’s preference shifting to some 
extent, postponing the trial would be fatal for its execution. Furthermore, it should be 
realized that it will take 4 to 8 years for most centers to perform 80 procedures minimally 
invasively. It would seem unethical if so many patients were to be exposed to a potentially 
increased surgical risk during such a long learning period. In other words, the cut-off of 
20 procedures was also chosen for pragmatic reasons, including high external validity 
(i.e. reflecting clinical practice in most centers), rather than for the highest likelihood of 
positive results (i.e. superior outcomes for MIPD). 

Another point of discussion is the primary endpoint. As in the LEOPARD-114 and 
ORANGE trials,19−20 postoperative time to functional recovery was chosen as the most 
objective parameter for postoperative recovery. Length of hospital stay was considered 
less objective, as it is also related to patient preference, home care facilities, and doctor 
preferences. An alternative endpoint measure, overall or clinically relevant complications, 
has mainly been reported in retrospective studies and a significant difference between 
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minimally invasive and open pancreatoduodenectomy has not been confirmed by case-
matched studies or meta-analysis.3,4 Both complications and length of hospital stay are, 
however, assessed in the LEOPARD-2 trial and will be reported in the final publication. 

Because of the standardized reporting of the LAELAPS-1 and -2 training programs, the 
LEOPARD-1 and -2 trial registration, the LEOPARD-1 and -2 study protocols and final 
publication of results, the internal validity can be well interpreted. The LEOPARD-2 
trial includes all adult patients undergoing elective pancreatoduodenectomy for 
nearly all indications. Additionally, surgical procedures will be performed in both 
academic hospitals and large teaching hospitals by surgeons who have all completed the 
LAELAPS-1 and -2 training programs. This should be taking into account when assessing 
the external validity of LEOPARD-2. Our group strongly recommends this approach of 
specific procedure-based training before starting MIPD, given the obvious complexity of 
the procedure with the required surgical skills. 

Blinding of patients in surgical trials has long been deemed impossible. However, several 
randomized controlled surgical trials have shown that patient blinding is feasible in case 
of a dedicated protocol committee and trial coordination.14,19,20 Multiple publications in 
high-impact journals have emphasized the importance of blinding in randomized studies, 
as in surgical studies results are also likely to be influenced by the patient’s expectation, 
besides the fact that participation itself influences patient outcome within the trial (i.e. the 
Hawthorne effect).35 As in the LEOPARD-1 trial, we attempt to improve study quality as 
much as possible, and therefore decided to add patient blinding. In this way, we minimize 
the effect of the patient’s expectation on the primary study outcome measure, time to 
functional recovery, an endpoint measure that is obviously influenced by psychological 
factors. 

In conclusion, the LEOPARD-2 trial is a multicenter randomized controlled phase 2/3, 
superiority trial investigating safety and time to functional recovery of MIPD and open 
pancreatoduodenectomy performed by surgeons who have performed ≥ 20 MIPDs 
within a dedicated training program. This trial aims to provide level one evidence 
on the added value of the minimally invasive approach in daily practice within high-
volume (> 20 pancreatoduodenectomies annually) centers, just after 20 procedures 
have been performed. When this hypothesis is confirmed, it will enhance the worldwide 
implementation of MIPD, and consequently improve overall patient outcome.



281

RCT on MINIMALLY INVASIVE vs. OPEN PANCREATODUODENECTOMY (LEOPARD-2)

XIV

FUNDING

Johnson & Johnson Medical BV ( Johnson & Johnson Family of Companies, New 
Brunswick, New Jersey, United States) financially supported the investigator-initiated 
LEOPARD-2 trial (reference number IIS 15–707). However, they did not have and will 
not have any influence on the LEOPARD-2 trial’s design, data collection, interpretation 
of data, manuscript development, or the decision to publish. 

ETHICS APPROVAL AND CONSENT TO PARTICIPATE

The LEOPARD-2 trial will be conducted according to the principles of the Declaration 
of Helsinki (64th version, October 2013) and in accordance with the Dutch Medical 
Research Involving Human Subjects Act. The medical ethics review committee of the 
Academic Medical Center (Amsterdam, The Netherlands) has approved the trial 
protocol (NL54453.018.15). Furthermore, secondary approval was obtained from all 
local ethics committees individually. According to Dutch law, ethical approval by the 
ethics review board of the study sponsor (i.e. initiating center, Academic Medical Center, 
Amsterdam, The Netherlands) is appropriate. The trial is registered in the Dutch Trial 
Register (http:// www.trialregister.nl) with identification number NTR5689. Patients 
can only participate if written informed consent has been provided. 
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ABSTR ACT

Background. The number of minimally invasive pancreatic resections (MIPR) performed 
for benign or malignant disease, have increased in recent years. However, there is limited 
information regarding cost/value implications. 

Methods. An international conference evaluating MIPR was held during the 12th Bi-
Annual International Hepato-Pancreato-Biliary Association (IHPBA) World Congress 
in Sao Paulo, Brazil, on April 20th, 2016. This manuscript summarizes the presentations 
that reviewed current topics in cost and value as they pertain to MIPR.

Results. Compared with the open approach, MIPR’s are associated with higher operative 
costs but lower postoperative costs. However, measurements of patient value (defined as 
improvement in both quantity and quality of life) and financial value (using incremental 
cost-effectiveness ratio) are required to determine the true value at societal level.

Conclusion. Challenges remain as to how the potential benefits, both to the patient and 
the healthcare system as a whole, are measured. Research comparing MIPR vs. other 
techniques for pancreatectomy will require appropriate and valid measurement tools, 
some of which are yet to be refined. Nonetheless, the experience to date would support 
the continued development of MIPR by experienced surgeons in high-volume pancreatic 
centers, married with appropriate review and recalibration. 
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INTRODUCTION

The number of minimally invasive pancreatic resections (MIPR) performed for benign 
and malignant disease have increased in recent years due to improved imaging and 
instrumentation, coupled with the increased dissemination of advanced laparoscopic and 
robotic surgical techniques, yet financial implications of these novel approaches are not 
well defined.

Initial focus on MIPR was directed to left-sided resections with reductions reported in 
estimated blood loss, perioperative pain and hospital stay compared with the standard 
open procedure.1–3 Patient satisfaction appeared to be increased and there was a suggestion 
that time to adjuvant therapies was reduced.4 Recent work has suggested that the benefits 
of a minimally invasive approach may also be realized by the more technically challenging 
procedure of pancreaticoduodenectomy (PD).4,5 However, Nussmann and colleagues 
examined the National Cancer Database (NCDB) between 2010 and 2012 and noted 
that of 7967 subjects, 1191 (14.9%) had a minimally invasive pancreaticoduodenectomy 
(MIPD). Compared with these patients who underwent an open procedure MIPD did 
not result in greater use or earlier initiation of adjuvant chemotherapy.6 Age, insurance 
status, co-morbidity status and tumor were independently associated with the use of 
adjuvant chemotherapy. 

While the economic implications of open pancreatic surgery are established, cost/benefit 
data for MIPR and incorporation of robotic technology remain ill defined.7 

This manuscript summarizes the presentations at the first international State-of-the-Art 
Conference on Minimally Invasive Pancreatic Resection that reviewed current topics in 
cost and value as they pertain to MIPR. 

METHODS

An international “State-of-the-Art” conference evaluating MIPR was conducted by a 
group of international experts in the field of pancreas surgery during the 12th annual 
International Hepato-Pancreato-Biliary Association (IHPBA) World Congress in Sao 
Paulo, Brazil, on April 20th, 2016.8 The conference organizing committee consisted of 
pancreatic surgeons who practiced only open pancreatic surgery as well as surgeons 
who also perform MIPR, both robotic and/or laparoscopic. A “Cost and Value” section, 
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which is the subject of this manuscript was organized and chaired by Kevin Conlon, MD 
(Dublin Ireland). Faculty were chosen for this module based on recognized expertise 
with the various topics explored.

A formal literature search for articles published in English regarding the cost of MIPR was 
conducted between 2008 and 2015. PubMed, Embase and the Cochrane Library were 
systematically searched using terms/key words based on the type of procedure, surgical 
approach and economic aspects (pancreatectom* OR pancreatic resection OR Whipple 
OR pancreaticoduodenectom* OR pancreatoduodenectom*) AND (laparoscop* OR 
robotic OR robot-assisted OR minimally invasive OR minimally-invasive OR hybrid) 
AND (cost OR costs OR cost-effective* OR economic*). Studies were included if they 
reported > 10 patients per group. Overlapping cohorts were excluded.

COST-EFFECTIVENESS OF MIPR

Over the last decade, the cost effectiveness of MIPR, has been investigated by many 
authors.9 The majority of which have focused on laparoscopic distal pancreatectomy 
(LDP) vs. open distal pancreatectomy (ODP). Sixty-seven original studies were 
identified. There were no randomized-controlled trials. Nineteen observational studies 
were included. They consisted of 12 studies on DP: 10 LDP vs. ODP (Table 1), 2 robotic 
distal pancreatectomy (RDP) vs. ODP, and 7 studies on pancreaticoduodenectomy (PD): 
3 laparoscopic vs. open PD, 2 robot-assisted vs. open PD, and 2 on combined procedures 
(laparoscopic resection with open reconstruction) vs. open PD. The methodology quality 
was considered low (Newcastle-Ottawa scale < 6).

COST OF DISTAL PANCREATECTOMY

To date, 10 studies on laparoscopic vs. open DP compared costs are available, of which 
eight studies assessed operative, postoperative and total costs separately. Details are 
shown in Table 1. 

Five studies found significant differences in operative costs between the two 
approaches.10,13,15–18 In four of them, LDP was associated with significantly increased 
operative costs up to 2800 USD,10,13,15–18 which may be related to the higher costs of 
surgical equipment, and longer operative times for the laparoscopic approach. 

A consistent benefit of LDP over ODP, shown in several meta-analyses, is the enhanced 
postoperative recovery resulting in a shorter length of hospital stay.15,19 This is associated 
with comparable complication rates, which might account for lower postoperative costs 
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after LDP when compared with ODP.9 This hypothesis was confirmed in six of ten studies, 
in which a (6500 GBP) reduction in postoperative cost was seen.3,10,13,15,17,18 Factoring in 
both operative and postoperative costs, total costs of LDP and ODP were comparable 
in most series.3,10,11,13–15,17,18 In two studies, the reduction in postoperative costs failed to 
neutralize the higher intraoperative cost of the laparoscopic approach,11,16 and only one 
study has reported on overall costs with the laparoscopic approach.20 

TABLE 1. Costs of minimally invasive vs. open distal pancreatectomy.

Article Procedure Sample size Currency
Operative 

costs
Postoperative 

costs Total costs

Abu Hilal et al. 2012 LDP 35 GBP 6,039 4,547 11,292

ODP 16 5,231 10,094 16,675

Braga et al. 2014* LDP 100 EUR# + 979 - 204 + 775

ODP 100

Butturini et al. 2014 LDP 21 EUR 1,500

RADP 22 3,000

Eom et al. 2008* LDP 31 USD - - 4,884

ODP 62 - - 3,401

Fox et al. 2012 LDP 42 USD 4,655 3,404* 10,842

ODP 76 4,510 5,462* 11,468

Kang et al. 2011 LDP 25 USD 2,222 - 3,861

RADP 20 5,753 - 8,305

Kim et al. 2008 LDP 93 Won - - 5,270,000

ODP 35 - - 5,500,000

Limongelli et al. 2012 LDP 16 EUR 2,889 6,714 9,603

ODP 29 1,988 8,955 10,944

Ricci et al. 2015 LDP 41 EUR 6,869 5,194 11,058

ODP 40 4,076 5,520 8,038

Rutz et al. 2014 LDP 70 USD 5,760 2,590* 10,030

ODP 45 4,900 3,780* 13,900

Waters et al. 2010 LDP 18 USD 3,072 9,828* 12,900

RADP 17 4,898 10,588* 10,588

ODP 22 3,510 12,011* 15,521

Xourafas et al. 2015 LDP 56 LDP/ODP 
ratio

1.12 0.75* 0.80

ODP 67

Abbreviations: LDP = laparoscopic distal pancreatectomy, ODP = open distal pancreatectomy, RADP = robot-assisted 
distal pancreatectomy, GBP = Great Britain Pounds, EUR = euros, USD = United States Dollars. #Costs of LDP as 
compared with ODP, * Costs for ward stay only, , ^ Weighted average, USD calculated on March 8, 2016 using www.
currency-converter.net, Underlined differences are statistically significant (P < 0.05).
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One study assessed the influence of the implementation of an enhanced recovery 
program for laparoscopic DP. The implementation of this program decreased length of 
hospital stay by 3 days and resulted in a significant total cost reduction of 2000 GBP per 
patient (P = 0.0004).21 

Two studies compared costs between LDP and RDP.22,23 In both, higher operative costs 
were reported in the RDP group, yet the study from Kang and co-workers found that 
overall cost (inclusive of postoperative costs) favors RDP.23

COST OF PANCREATODUODENECTOMY

Four studies have reported on cost comparison between Laparoscopic 
pancreaticoduodenectomy (LPD) and open pancreaticoduodenectomy (OPD)24–27 
showing equivalent overall cost for the two approaches (Table 2). Two studies23,26 
individually analyzed the operative and postoperative costs; Mesleh et al., reported 
equivalent overall costs for both approaches.24 Interestingly, while operating time and 
supply cost were higher for LPD, this was balanced by decreased cost due to reduced 
postoperative hospital stay. A study from Tan and co-workers,25 confirmed that LPD 
patients demonstrated statistically higher costs for both surgery and anesthesia, but had 
lower costs for the overall hospitalization, as compared with the OPD group. 

Two studies compare the cost of RPD and OPD.19,28 Boggi et al., confirmed the high 
operative cost of robotic surgery, but did not report on the postoperative or overall cost. 
More detailed analysis was provided by Baker and colleagues who confirmed the higher 
intraoperative cost in the robotic group but a similar overall cost due to significant savings 
in the postoperative period.19 

SUMMARY

Current data suggests that as compared with the open approach, laparoscopic and robot-
assisted distal pancreatectomy and pancreaticoduodenectomy are associated with higher 
operative costs but lower postoperative costs, resulting in similar cost-effectiveness 
for both procedures. The few existing studies suffer from low quality of evidence and 
considerable selection bias. Although total costs appear comparable for laparoscopic, 
robot-assisted and open PD, further well-designed, prospective controlled trials, with 
rigorous cost analysis strategies are needed.
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TABLE 2. Costs of minimally invasive vs. open pancreatoduodenectomy.

Article Procedure Sample size Currency
Operative 

costs
Postoperative 

costs Total costs

Baker et al. 2015 RAPD 22 USD 50,535 141,864 142,149

OPD 49 32,309 136,756 150,473

Boggi et al. 2013 RAPD 34 EUR + 6,193* - -

OPD 204

Cho et al. 2009 Hybrid PD 15 USD 4,460 NS -

OPD 15 2,500 NS -

Mesleh et al. 2013 LPD 75 Cost units 66 116 181

OPD 48 48 131 179

Speicher et al. 2014 LPD 25 USD - - 24,590

Hybrid PD 31 - - 23,230

OPD 84 - - 19,720

Tan et al. 2015 LPD 30 RMB 24732 50392 81317

OPD 30 19317 53931 78433

Tran et al. 2015 LPD 681 USD - - 81,833

OPD 14,893 - - 87,577

Abbreviations: RAPD = robot-assisted pancreatoduodenectomy, Hybrid PD = pancreatoduodenectomy with 
laparoscopic resection and open reconstruction, LPD = laparoscopic pancreatoduodenectomy, OPD = open 
pancreatoduodenectomy, EUR = euros, USD = United States Dollars , RMB = Renminbi, NS = non-significant difference. 
*For RAPD compared with OPD, ^Weighted average, USD calculated on March 8, 2016 using www.currency-converter.
net, Underlined differences are statistically significant (P < 0.05).

A FR AME WORK FOR COST COMPARISONS IN MIPR MOVING 
FORWARD: COST-EFFECTIVENESS AND BEYOND

Over the past several decades, surgical techniques have evolved with the introduction of 
laparoscopy and robotics in hepato-biliary and pancreatic surgery. It remains uncertain 
whether these surgical techniques are truly advancing the field of pancreatic resection, 
improving patient outcomes, and providing value. 

Commonly assessed metrics, such as feasibility, safety, and cost, may not provide 
meaningful comparative effectiveness information. While any new surgical technique 
should be tested in each of these categories, the final assessment should attempt to 
incorporate each of these variables into a single quantifiable metric as opposed to 
considering them in isolation. 



292

CHAPTER XV

Minimally invasive pancreatic surgery has taken off recently, and laparoscopic 
distal pancreatectomy has been increasingly adopted by many. Much less is known 
regarding the potential clinical benefits and economic effects with minimally invasive 
pancreaticoduodenectomy. With regards to oncologic viability, MIPD appears to 
be a valid approach. Many single-center experiences have reported equivalence 
with respect to margin positivity and lymph node yield when compared with open 
pancreaticoduodenectomy (OPD),29,30 while a recent large systematic review and meta-
analysis confirmed the oncologic equivalence.31 Many studies have also shown that 
MIPD is equivalent to OPD in terms of short-term outcomes and complications, with 
many studies reporting a more expedited recovery in MIPD patients.31,32 Large database 
studies have suggested that 30-day mortality may be higher in MIPD patients, but that 
this association could be mitigated when restricting the analysis to high-volume MIPD 
surgeons.33 To date, one group reported on superior six-month-quality-of-life and shorter 
length of stay.17 With regards to cost, MIPD appears to be equivalent to OPD, making up 
for higher operative costs by reductions in postoperative hospital duration.23,26 However, 
no cost-effectiveness study currently exists for MIPD, and no group has attempted to 
evaluate MIPD by incorporating each individual metric of evaluation. 

The concept of value-based medicine incorporates both costs and quality of life, and 
should be the benchmark for how we evaluate any new therapy or intervention. Using the 
equation where VALUE = benefit/cost, one can determine the health outcomes achieved 
per dollar spent.34,35 Therapies that are high in VALUE are beneficial to all members 
of society, from the patient to the payer. The VALUE equation can be further broken 
down into its individual components: patient value (defined as improvement in both 
quantity and quality of life) and financial value (using incremental cost-effectiveness 
ratio). Currently, the literature is lacking a value-based analysis of MIPD, and therefore 
it is premature to deem this surgical approach as valuable at a societal level or not. One 
should be performed, in order to validate the minimally invasive approach to this complex 
procedure. 

The absolute cost of a therapy such as MIPD should not be calculated in vacuum. By 
determining the VALUE equation, we can better define the true value at a societal level. 
In todays healthcare environment; we can no longer accept a therapy based solely on 
clinical benefit irrespective of its costs. However, the “absolute cost” of a therapy cannot 
drive healthcare decisions in a vacuum. This is the challenge for investigators as we design 
future trials. 
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THE CH AIR M AN ’S PER SPECTIVE ON THE DEVELOPMENT AND 
IMPLEMENTATION OF A MIPR PROGR AM: WH Y AND HOW ? 

WHY DEVELOP A MINIMALLY INVASIVE PANCREATIC RESECTION 
PROGRAM? 

Today’s healthcare marketplace is increasingly competitive and requires differentiating 
expertise in all aspects of surgical care. National and regional trends in minimally 
invasive surgery are undeniable and unremitting. Examples abound in colorectal surgery, 
breast surgery, endovascular surgery, interventional cardiology, thoracic oncology, and 
urology. In the very near future, minimally invasive pancreatic surgery will serve as the 
prime benchmark for the quality and competitiveness of a comprehensive minimally 
invasive surgery program. Just as interventional percutaneous valve procedures and 
minimally invasive treatment for cardiac arrhythmias are the new hallmarks for a modern 
cardiovascular institute, major hepatobiliary and pancreatic resections done with an 
emphasis on minimally invasive approaches will define an institution’s commitment to 
progressive and innovative patient care for patients with these complicated diseases. With 
an increasing incidence of pancreatic cancer and the identification of precursor lesions, 
there will be more demand in the marketplace for pancreatic surgery in the next 20 years. 
Consumers (patients) will unequivocally seek differentiating expertise for cancer and the 
more competitive the marketplace, the better in terms of justifying the time, resources and 
effort to develop MIPR programs. From a chairman’s perspective, this should be viewed as 
an opportunity and stimulus to garner hospital resources and define treatment paradigms 
which will position an institution as a prime referral-destination center.36 The hospital 
administration’s willingness to invest in the personnel and resources necessary to compete 
successfully for complex HPB surgical cases should not be viewed as an insurmountable 
obstacle. Rather, the chairman who can make a persuasive argument which includes 
benefits for the patient’s and the institution’s bottom-line will likely see early investments 
and sustained commitments during the development and implementation of an MIPR 
program. 

There are sound business and financial reasons for minimally invasive pancreatic 
surgery. The volume of new cases and cost improvements should be used to justify the 
time and expenses put into developing a MIPR program. Business plans should include 
conservative but realistic increases in volume and market share. Institutional cost benefits 
using standard metrics including decreased length of stay, decreased reoperations, and 
decreased readmissions need to be highlighted in the executive summary. Evidence to 
support these claims already exists in the literature; albeit with limited numbers from 
select high volume institutions like the Mayo Clinic and the University of Pittsburgh.37,38 
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The costs necessary to develop a MIPR program are not separate or distinct from the 
investments already made to support other aspects of minimally invasive surgery across 
disciplines. Investments in facility build-outs, robotic equipment and staff education 
are likely to have already been instituted to support programs for prostate surgery, lung 
surgery and colorectal surgery. The added start-up resources and ongoing maintenance 
costs, when put into the context of existing programs, can be viewed as incremental 
investments to the overall commitment of developing competitive surgery programs in 
the marketplace. The development of an advanced MIPR program will increase utilization 
and the return on facility investments which are often measured by procedure volumes 
and further supported by reduced costs to the hospital on the recovery end of the patient 
experience. 

Without question, the most important start-up cost is operating room (OR) time. 
In an era when procedure counts, turnover times and operating times are mistakenly 
viewed as measures of quality, the time it takes to develop efficiency while maintaining 
safety during MIPR may seem prohibitive to colleagues in administration, nursing and 
anesthesia. This is a crucial negotiating point for the chairman to address. There has to be 
a clear explanation for the need to provide protected OR time so that this surgical service 
can be brought online safely and without external pressure on the surgeons doing these 
cases. Conversely, the chairman must stress to the surgeons doing these procedures that 
preparation well in advance of the cases is crucial and that every effort should be made to 
consistently look for ways to decrease operating times, especially during the conspicuous 
early adoption phase of the program. 

The patient benefits of minimally invasive surgery are important and, if equivalent or 
improved oncologic outcomes are validated in the near future, increasing referrals should 
be expected. Patient benefits include less pain, earlier return of bowel function, and 
decreased length of hospital stay. Better early quality-of-life scores and quicker return 
to normalcy are other attractive benefits from the patient perspective. Studies with a 
sufficient volume of patients suggest potentially improved morbidity and mortality rates 
and earlier initiation of adjuvant therapy. These advantages of minimally invasive surgery 
need to be included and emphasized in a patient-centered market analysis, as well as in 
the business plan presented to hospital administration, as consistent with the institution’s 
mission to preserve and improve human life. Clearly, these same benefits will serve as the 
basis for future strategic marketing to referring physicians and patients. 
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HOW SHOULD A SUCCESSFUL MIPR PROGRAM BE IMPLEMENTED? 

Successful implementation of a MIPR program should be done incrementally with plans 
for initial utilization with highly selected and straightforward cases and then a continual 
process of self-evaluation and refinement based on safety and cost metrics and long-term 
quality outcomes.39,40 

A vital first step is to perform a highly specific and critical assessment of the institution’s 
capacity and needs for successful implementation and the timeframe for acquiring 
such resources. As noted, many basic components of minimally invasive surgery may 
already be in place at high-volume centers-where this undertaking should only seriously 
be considered. The most difficult question the chair must address is whether any of 
the current surgical staff have the necessary skills to handle the critical elements of 
pancreatic resections with a laparoscopic or robotic approach. Unlike many other GI 
procedures including gastric resections and colon resections, the risk of life-threatening 
hemorrhage during a pancreaticoduodenectomy or extended distal pancreatic resection 
is ever-present, and despite every attempt to avoid this complication, it is imperative 
that the surgeon leading the MIPR program have expert skills to handle this when it 
inevitably does happen. Similarly, since so much of the postoperative course and serious 
complications are a direct result of pancreatic anastomotic leaks and fistulas, the surgeon 
must have superb skills at intra-corporeal suturing techniques. If that person is not 
currently present in the department, then it would be strongly recommended to delay 
implementation of the program until such skills are acquired by an existing surgeon or 
one is recruited with those prerequisite skills. Premature initiation of the program could 
potentially result in such conspicuously poor results or even deaths, leading to an early 
and emotional abandonment of the program. 

Once the chair is confident that the surgical expertise and the facility capacity are available 
to initiate the program, then a great deal of planning and preparation must be done before 
the first case is performed. Team-building at this stage is critical. Nursing and anesthesia 
support are obvious, but identifying key leaders in each of those departments who will be 
integrally involved in planning (and present during those cases) is the real key. This is no 
different than what is expected for complex surgical procedures including heart and liver 
transplants and endovascular cases. The chairman must emphasize that MIPRs are akin to 
the most complex procedures on the schedule and should never be confused with routine 
minimally invasive cases. A MIPD requires the same level of nursing and anesthesia 
support as an open PD, perhaps even more. These cases must never be perceived to be 
any less complex despite the “minimally invasive” attempt to reduce the overall impact of 
the surgery on the patient. Once this institutional mindset is adopted and the key team 
members are identified, the next step is intense preparation. This should include site visits 
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to other institutions, rehearsals and practice scenarios. Simulations are critical. Another 
strategy to help build momentum and acceptance is an incremental adoption of minimally 
invasive surgery techniques to pancreatic surgery. The team will build credibility and trust 
by ramping up to MIPD with minimally invasive gastrectomies, distal pancreatectomies, 
and bile duct and porta hepatis dissections. Finally, the chair should position the MIPR 
program as part of a broader and more comprehensive adoption of minimally invasive 
principles across all disciplines performing complex surgery. This will have added appeal 
to hospital administration in terms of defraying costs and providing a global marketing 
strategy, and it helps set the stage for increasingly complex procedures while lowering the 
perceived stress involved in advanced pancreatic resections. 

INITIAL IMPLEMENTATION AND EARLY PERFORMANCE METRICS 

After completing the team’s preparation and strategic planning, it comes time for initial 
implementation of the program. While many earlier cases, including DPs, were done in 
anticipation of doing a major resection like a PD, the actual performance of this type of 
major resection requires unique and thoughtful preparation. It is imperative to pick the 
right patient, the right surgeons to do the first several major cases, and even the right 
day of the week. The first cases should be straightforward resections with little chance of 
vascular involvement and with a high probability of completing the procedure without 
converting to laparotomy. While converting to an open laparotomy may be a sign of good 
judgment to surgeons, to those monitoring the progress of the program, if this happens 
too frequently in the first few cases the perception will be that the surgeons are not ready 
technically and that these cases should not be approached in this fashion. The initial 
cases need to be done by the best prepared surgeons supported by the primary team of 
nurses and anesthesiologists. This may require the chair negotiating and supporting the 
transfer of care of the patient to the best surgeon for these procedures until the rest of 
the surgical staff have acquired the necessary skills. The cases should be undertaken on 
the least busy day in the OR and with as little attention and fanfare as possible. There 
will be enough pressure on the team as they navigate through the technical challenges of 
these cases without pressuring them about OR time utilization and distracting them with 
nonparticipating observers. 

The team must debrief and review the procedure and the recovery after every early case. 
The objectives are to look for ways to improve efficiencies and resource utilization in 
the OR and to constantly look for ways to modify and enhance clinical pathways which 
optimize cost savings. A useful tool in this regard is to create dashboards which compare 
performance against benchmarks in the literature. Acknowledging that experience and 
volume drive performance improvements, these dashboards serve as useful review 
mechanisms to monitor progress toward acceptable targets. These metrics or targets 
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should include OR times, estimated blood loss, conversion rates, graded complications, 
morbidity and mortality rates. A progressive plot of cost proxies such as length of stay, 
reoperations, and readmissions will provide the administration with important assurances 
that the program is mindful of expenses and working to optimize the financial balance 
sheet of this new program. 

SUSTAINABILITY AND LONG-TERM QUALITY METRICS 

The long-term goal of the MIPR program should be full integration as the new institutional 
standard of care and inclusion of more surgeons and staff to increase participation and 
acceptance. Less experienced surgeons should feel their inclusion and participation will 
be encouraged. Mentorship will be provided after refinements and adjustments have been 
added to OR protocols and recovery pathways, which will only serve to enhance the results 
of their early cases. Failure to provide these assurances will create distrust and internal 
dissension, which will undermine further progress of the program. All participating 
surgeons should share the goal of becoming a local destination site for these referrals and 
a nationally recognized program which publishes the program’s outcomes in high impact, 
peer-reviewed journals. To achieve this goal, long-term oncology quality metrics such as 
disease-free survival rates, overall survival rates, and median survival need to be built into 
prospective databases for the program. The chairman should incorporate these goals and 
metrics into the business plan and executive summary as further justification to support 
the early investments in this program. Improved patient experiences, substantive cost 
savings after reasonable start-up investments, and better outcomes for cancer patients are 
all worthy goals and entirely consistent with the mission of the physicians, nurses and 
administration of a great health care organization. 

QUALIT Y OF LIFE CONSIDER ATIONS FOR MIPR

When considering a new technology, it must prove to be an improvement over existing 
techniques and not just equivalent. The technique must (I) do something that could not 
be previously done; (II) do something previously done, but better; (III) ease the patient’s 
treatment burden, without compromising cure; or (IV) be cheaper, with equivalent 
results. 

MIPR, whether laparoscopic or robotic, does not allow for performance of an operation 
that could not be done otherwise; at best, it is oncologically equivalent to open resection; 
and it is not cheaper. Therefore, its only advantage is that it may ease the patient’s 
treatment burden. The onus is on the advocates of MIPR to demonstrate improvement in 
the patient’s quality of life (QoL). 
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Value has been equated with quality and costs, such that value = quality/costs. However, 
it is inappropriate, because as long as quality is some value > 0, value will approach infinity 
as costs approach zero. Therefore, although each stakeholder will define value differently, 
from the patient’s perspective value = tq/(c + l+ p), such that t = survival, q = QoL, c = out 
of pocket costs, l = income loss, and p = insurance premiums. Although MIPR can affect 
q, c, and l, this section of the manuscript will only address q. 

To understand how an operation affects QoL, one must understand the patient’s 
trajectory during an episode of care. The phases of this trajectory are the preoperative 
state, operation, recovery, early postoperative state, steady state, natural history of the 
disease, and, finally, death. Such issues as complications, length of stay, pain, etc., affect 
recovery (Figure 1). Other issues such as discharge status, return to work or daily 
activities, fitness for needed adjuvant therapy, etc. affect early recovery. Functional status 
and persistent postoperative symptoms affect the steady state. Lastly, the natural history 
may or may not be affected by the treatment. 

Measuring QoL requires validated instruments,41 while instrument choice depends on 
the purpose. For MIPR, understanding postoperative recovery is essential. One validated 
instrument that can assess this is the Quality of Recovery-40 (QoR-40).42 Once the 
steady state is reached, generic or disease-specific instruments can be used. For example, 
the SF-36 has been used to show that, after a year from surgery, patients who have had 
a pancreatoduodenectomy have similar QoL scores compared with a general reference 
population.43 Furthermore, the Gastrointestinal Symptom Rating Scale has been used to 
assess gastrointestinal symptoms after pancreatectomy.44 

These scores can then be used to estimate a quality multiplier (QM), which then can 
be used to estimate the quality adjusted life years (QALY’s) of a patient after resection. 
These QALY’s can then be used to compare treatment options and cost-effectiveness. 
For example, although a simplistic analysis, the hospital cost of an MIS pancreatectomy 
was $19,250 compared with $16,790 for an open pancreatectomy.31 Therefore, using the 
formula of value = tq/costs, MIPR has to procedure at least a 15% improvement in QoL 
compared with an open procedure. 

Going forward, QoL should be considered when assessing the value of MIPR. It should 
be done to determine improvements in recovery and how a patient lives after surgery. 

SUMMARY

This paper highlights the opportunities and potential advantages of the increased 
dissemination of minimally invasive surgical resectional techniques to the management 
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of benign and malignant pancreatic diseases. Challenges remain as to how the potential 
benefits, both to the patient and the healthcare system as a whole, are measured. Research 
comparing MIPR vs. other techniques for pancreatectomy will require careful scrutiny 
using appropriate and valid measurement tools, some of which are yet to be refined. 
Nonetheless, the experience to date would support the continued development of MIPR 
by experienced surgeons in high-volume pancreatic centres, married with appropriate 
review and recalibration.

 

FIGURE 1. Patient quality of life trajectory.
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SUMM ARY AND CONCLUSIONS

This thesis describes the stepwise nationwide introduction of minimally invasive distal 
pancreatectomy and pancreatoduodenectomy, including structured assessment of 
outcome using prospective studies and multicenter randomized controlled trials.

PART I: CURRENT EVIDENCE AND IMPLEMENTATION

Chapter II is a systematic review assessing the evidence on minimally invasive vs. open 
distal pancreatectomy and pancreatoduodenectomy, mainly focusing on observational 
studies that applied patient matching. In this study, we saw that minimally invasive 
pancreatic surgery has slowly gained acceptance over the past two decades. Whether a 
procedure can be performed with a minimally invasive approach depends on the surgeon’s 
training and experience, patient characteristics, and tumor characteristics. Some studies 
suggested superiority of the minimally invasive approach over the open approach, but a 
few concluded that both approaches were equivalent. Additionally, randomized data is 
lacking, further contributing to the inability to draw final conclusions. It was clear that 
dismal outcomes have been associated with minimally invasive pancreatoduodenectomy 
during the early phases of the learning curve, and when it is performed in low-volume (< 
10 procedures annually) hospitals.

In Chapter III, a pan-European survey amongst pancreatic surgeons, we saw that only 
73% of surgeons had some experience with minimally invasive distal pancreatectomy, 
and only 21% with minimally invasive pancreatoduodenectomy. Just over 4% of 
surgeons had performed at least 10 procedures. Interestingly, 31% of surgeons expected 
minimally invasive distal pancreatectomy to be inferior to open distal pancreatectomy 
for oncological outcomes. The vast majority of surgeons pointed out they would benefit 
from a specific training program, and where willing to participate in a pan-European 
randomized controlled trial. This pan-European survey led to a worldwide survey 
amongst surgical members of the international associations of hepato-pancreato-biliary 
surgery, from 50 countries, as is described in Chapter IV. Within this study, results of the 
pan-European study were confirmed. The lack of consensus on the value of minimally 
invasive pancreatic surgery amongst survey participants clearly underlined the need for 
multicenter randomized controlled trials.

PART II: MINIMALLY INVASIVE DISTAL PANCREATECTOMY

In Chapter V, a systematic review, performed in conjunction with the International 
Hepato-Pancreato-Biliary Association (IHPBA), showed that the evidence comparing 
minimally invasive and open distal pancreatectomy is weak. Minimally invasive distal 
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pancreatectomy results in morbidity and mortality rates similar to those of open distal 
pancreatectomy, with a tendency towards lower operative blood loss, and shorter hospital 
stay in the minimally invasive group. For malignant disease, the inherent bias hampers the 
interpretation of equality, but short- and long-term oncologic outcomes appear similar 
for both approaches.

Results of minimally invasive distal pancreatectomy that can be achieved by an 
expert surgeon are shown in Chapter VI. In a total of 111 minimally invasive distal 
pancreatectomies, only 2% were converted to open surgery. With growing experience, 
increasing surgical complexity (i.e. by operating more patients with pancreatic ductal 
adenocarcinoma) did not alter conversion rate, operative blood loss or operative time. 
Over time, the Clavien-Dindo grade ≥ 3 complication rate, the pancreatic fistula rate, and 
length of hospital stay decreased significantly (from 30% to 5%, 33% to 9%, and 7 to 5 
days, respectively).

The Dutch situation regarding minimally invasive and open distal pancreatectomy up 
to 2014 was assessed in Chapter VII. In this retrospective study, only 10% of distal 
pancreatectomies was performed through a minimally invasive approach, and one-third of 
procedures was converted to open distal pancreatectomy due to intraoperative problems. 
Minimally invasive distal pancreatectomy was associated with fewer Clavien-Dindo 
grade ≥ 3 complications and shorter length of hospital stay. However, these advantages 
disappeared after case-matching, indicating potential selection bias. It was concluded 
that outcomes were not comparable to those from expert centers. Dutch surgeons 
pointed out that specific training would be welcomed to improve patient outcome. 
Therefore, nationwide training was organized, which is described in Chapter VIII. 
From 2014-2015, 32 pancreatic surgeons from 17 centers pariticpated in the nationwide 
LAELAPS-1 minimally invasive distal pancreatectomy training program. Minimally 
invasive distal pancreatectomy performed before and after training were compared. After 
training, a 7-fold increase in the use of minimally invasive distal pancreatectomy was seen 
(P < 0.001), with conversion rates dropping from 38% before training to 8% after training 
(P < 0.001), and blood loss lowering from 350 ml to 200 ml (P = 0.03). Clavien-Dindo 
grade ≥ 3 complications, pancreas specific complications, and mortality remained stable 
over time. Length of hospital stay was improved from 9 days before training to 7 days after 
training (P < 0.001), potentially influenced by the implementation of enhanced recovery 
after surgery programs. 

After training, the outcome of minimally invasive distal pancreatectomy improved, 
which adequately prepared Dutch surgeons for a randomized controlled trial on 
minimally invasive vs. open distal pancreatectomy (Chapter IX). For the LEOPARD-1 
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trial, between April 2015 and March 2017, 108 patients were randomized: 51 patients 
to minimally invasive distal pancreatectomy, and 57 to open distal pancreatectomy. 
Time to functional recovery (primary endpoint of the trial) shortened by 33% in the 
minimally invasive group (4 vs. 6 days, P <0.001). Clinically relevant complications, 
defined as Calvien-Dindo grade ≥ 3, were comparable for minimally invasive and open 
distal pancreatectomy. Furthermore, minimally invasive distal pancreatectomy was 
furthermore associated with less operative blood loss (150 vs. 400 ml, P < 0.001) and less 
delayed gastric emptying grade B/C (6% vs. 20%, P = 0.04), wheareas operative time was 
longer (217 vs. 179 minutes, P = 0.005). It was concluded that minimally invasive distal 
pancreatectomy should be the standard treatment for this population.

In Chapter X, the outcomes of distal pancreatectomy specifically for pancreatic ductal 
adenocarcinoma in the Netherlands were evaluated. In this retrospective study, 141 
patients who underwent distal pancreatectomy (95% open and 5% laparoscopic) for 
pancreatic ductal adenocarcinoma were included. A median postoperative survival of 17 
months was observed. The cumulative survival at 1, 3 and 5 years was 64%, 29%, and 
22%, respectively. Independent predictors of worse postoperative survival were irradical 
tumor resection margins (hazard ratio = 1.6), advanced tumor stage (hazard ratio = 1.9), 
a Clavien-Dindo grade ≥ 3 complication (hazard ratio = 1.7), and not receiving adjuvant 
chemotherapy (hazard ratio 1.5).

The aim of Chapter XI was to compare oncological outcomes after minimally invasive 
and open distal pancreatectomy in patients with pancreatic ductal adenocarcinoma. 
In this observational study on 1212 patients from 34 centers in 11 countries, we saw a 
comparable survival for minimally invasive and open surgery (28 vs. 31 months, P = 
0.93). In these patients with pancreatic cancer, the operative blood loss (200 vs. 300 ml, P 
= 0.001), and length of hospital stay (8 vs. 9 days, P < 0.001) were better for the minimally 
invasive approach. However, the opposing differences in R0 resection rate, resection of 
Gerota’s fascia, and lymph node retrieval cast doubt on the equivilance of oncological 
safety, emphasizing the need for a randomized controlled trial assessing this topic.

PART III: MINIMALLY INVASIVE PANCREATODUODENECTOMY

In Chapter XII, we describe a systematic review on comparative cohort and registry 
studies assessing minimally invasive vs. open pancreatoduodenectomy. In total, 19 
cohort studies (1833 patients) and 2 registry studies (19,996 patients) were included. 
Between minimally invasive and open pancreatoduodenectomy, no differences were 
found in mortality (odds ratio = 1.1), or pancreatic fistula grade B/C (odds ratio = 1.0). 
However, publication bias was present for postoperative pancreatic fistula, as shown in the 
funnel plot. Minimally invasive pancreatoduodenectomy was associated with prolonged 
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operative times (weighted mean difference = 74 minutes), lower intraoperative blood 
loss (weighted mean difference = 385 ml), less delayed gastric emptying grade B/C 
(odds ratio = 0.6), and a shorter hospital stay (weighted mean difference = 3 days). 
The registry studies pointed out that mortality was increased after minimally invasive 
pancreatoduodenectomy in low-volume hospitals (7.5% vs. 3.4%, P = 0.003). This 
indicated that the introduction of minimally invasive pancreatoduodenectomy should 
be performed within structured training programs in high-volume hospitals only, and 
outcomes have to be closely monitored.

Chapter XIII shows the outcomes of the LAELAPS-2 multicenter training program in 
minimally invasive pancreatoduodenectomy. Between 2014 and 2016, 8 surgeons from 4 
high-volume centers participated in the training program. In total, 114 minimally invasive 
pancreatoduodenectomies were performed after training. The conversion rate was 11%, 
median blood loss 350 ml, and operative time 375 minutes. Postoperatively, 43% of 
patients had a Clavien-Dindo grade ≥ 3 complication, with 34% of patients experiencing 
a pancreatic fistula grade B/C. Overall, 90-day mortality was 3.5%. Therefore, it was 
concluded that the LAELAPS-2 training program was feasible and ensured acceptable 
outcomes during the early phases of the learning curve in all centers.

After completion of the LAELAPS-2 training program, the LEOPARD-2 trial on 
minimally invasive vs. open pancreatoduodenectomy was initiated. This is a randomized 
controlled, parallel-group, patient-blinded, multicenter, phase 2/3, superiority trial in 
centers that completed the Dutch Pancreatic Cancer Group training programs and had 
performed at least 20 minimally invasive pancreatoduodenectomies (Chapter XIV). 
A total of 136 patients will be randomly assigned to either minimally invasive or open 
pancreatoduodenectomy. After 40 patients (phase 2), the data safety monitoring board 
will assess safety outcomes and decide whether to proceed to phase 3. Patients from 
phase 2 will be included in phase 3. The primary outcome of this trial is time to functional 
recovery. Patients will be blinded for the surgical approach using a large abdominal 
dressing. Secondary outcomes include operative and postoperative outcomes, clinically 
relevant complications, mortality, quality of life, and costs.

The cost and value perceptives of minimally invasive pancreatic surgery, such as distal 
pancreatectomy and pancreatoduodenectomy were assessed in Chapter XV. In this 
study, we saw that operative costs of minimally invasive pancreatic surgery are higher 
than those of open pancreatic surgery, whereas postoperative costs tend to be lower. 
Due to the low quality of the available evidence, it remains a challenge to assess how 
minimally invasive pancreatic surgery benefits the patient and healthcare system as a 
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whole. Nonetheless, the experience seen in the literature to date, supports the continued 
development of minimally invasive pancreatic surgery in high-volume pancreatic centers, 
while multicenter randomized studies have to be awaited.

TABLE 1. Answers to the research questions.

Chapter Answer to the research question

I N.a.

II Minimally invasive distal pancreatectomy seems superior to open distal pancreatectomy. For minimally 
invasive pancreatoduodenectomy, superior and inferior outcomes to the open approach have been 
reported. The early phases of the learning curve and low case volume have been associated with inferior 
outcomes. Randomized trials are, however, lacking.

III Minimally invasive distal pancreatectomy is a common procedure, but its use for cancer is disputed. 
Minimally invasive pancreatoduodenectomy is an uncommon procedure. Specific training and 
randomized trials are welcomed in Europe.

IV Most sorgeons worldwide value minimally invasive pancreatic surgery, especially minimally invasive distal 
pancreatectomy. The role and implementation of minimally invasive pancreatoduodenectomy requires 
further assessment. Specific training and additional research projects are welcomed worldwide.

V Available evidence on minimally invasive vs. open distal pancreatectomy is weak, although the number of 
studies is high. Outcomes are promising, but randomized trials have to be awaited.

VI Operative outcomes of minimally invasive distal pancreatectomy remained stable with increasing surgical 
complexity. Postoperative outcomes improved after the first 30 cases.

VII In the Netherlands, nationwide underuse of minimally invasive distal pancreatectomy was seen. 
Outcomes were not comparable to series from expert centers. Nationwide training is welcomed by Dutch 
surgeons.

VIII A nationwide training program in minimally invasive distal pancreatectomy (LAELAPS-1) was feasible and 
followed by an increase in the use of this procedure, and a decreased conversion rate.

IX Minimally invasive distal pancreatectomy is superior to open distal pancreatectomy in terms of time to 
functional recovery.

X Survival after distal pancreatectomy for pancreatic ductal adenocarcinoma is poor, and it is related to the 
tumor resection margin, tumor stage, surgical complications and adjuvant chemotherapy.

XI Survival was comparable after minimally invasive and open distal pancreatectomy for pancreatic ductal 
adenocarcinoma, but the differences in tumor resection margin, resection of Gerota’s fascia, and lymph 
node retrieval further emphasize the need for a randomized trial.

XII Outcome of minimally invasive pancreatoduodenectomy seems promising in cohort studies, whereas 
registry studies report higher mortality in low-volume centers. Its introduction should, therefore, be 
closely monitored and done within training programs.

XIII A multicenter training program in minimally invasive pancreatoduodenectomy ensured acceptable 
outcomes during the early phases of the learning curve. 

XIV N.a.

XV Available literature on costs and value of minimally invasive vs. open pancreatic surgery supports the 
continued development of minimally invasive pancreatic surgery by experienced surgeons in high-
volume pancreatic centers.
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DISCUSSION AND FU TURE PER SPECTIVES

Pancreatic surgeons aim to minimize the impact of surgery on their patients. This led to 
the development of many diagnostic and therapeutical strategies. The development of 
minimally invasive surgery is one of those developments. Like for many gastro-intestinal 
surgical procedures, minimally invasive pancreatic surgery is likely to reduce tissue 
damage caused by surgery itself, and thus, enhance postoperative recovery and ensure 
better quality of life.1,2 For many years, the superiority of minimally invasive pancreatic 
surgery was uncertain, as only low to moderate quality observational studies addressed 
the comparison to conventional techniques.3,4 These observational studies are all subject 
to several biases, such as selection bias, experience bias, and publication bias.3,4 Because 
of different factors influencing patient outcome, such as surgeon characteristics, team 
characteristics, patient characteristics, and hospital volume, proving effectiveness in one 
center does not directly ensure the same for others.5-7 

MINIMALLY INVASIVE DISTAL PANCREATECTOMY

Based on the outcomes of the LEOPARD-1 trial on minimally invasive vs. open 
distal pancreatectomy, and several recent retrospective, propensity score matched 
observational studies, it has become clear that the minimally invasive approach for distal 
pancreatectomy will lead to better outcome.8,9 This can be either laparoscopic or robot-
assisted surgery, depending on the surgeon’s training and experience, and hospital’s or 
society’s point of view, because based on the literature both approaches will probably 
lead to comparable patient outcome.5-7 A major concern, however, are costs related to 
both approaches. Several studies pointed out that robot-assisted distal pancreatectomy is 
associated with increased costs10,11, whereas costs of laparoscopic distal pancreatectomy 
were shown to be similar to those of open distal pancreatectomy. Future studies will have 
to assess the economic impact of the widespread implementation of these techniques. 
For distal pancreatectomy, outcomes still vary widely between surgeons and centers, 
probably because until today, a detailed description of a standardized technique has not 
been developed. However, several efforts have been made to do so, which in future will 
probably lead to European or worldwide standardization.12,13 

A major gap in the literature is the oncological safety of minimally invasive distal 
pancreatectomy for pancreatic ductal adenocarcinoma, and other advanced pancreatic 
tumors growing into surrounding organs.14 Recently, a Cochrane review compared 
minimally invasive and open distal pancreatectomy specifically for the treatment of 
pancreatic cancer, and found imprecisedifferences in perioperative mortality, tumor 
resection margins, cancer recurrence, and postoperative survival.14 The authors concluded 
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that the absence of randomized data impairs the ability to draw conclusions on oncological 
safety, as minimally invasive surgery might only be applied in patients with less invasive 
pancreatic caners, or cancers diagnosed at an earlier stage.14 This emphasizes the need 
for a randomized controlled trial on this topic, the DIPLOMA (Distal pancreatectomy, 
Minimally invasive or Open, for Malignancy) trial, which is performed by the European 
Consortium on Minimally Invasive Pancreatic Surgery (E-MIPS) and is currently actively 
recruiting

patients.15,16 If minimally invasive distal pancreatectomy fails regarding oncological safety, 
it is most likely to be due to less radical tumor resection margins. For this reason, the 
primary endpoint of the DIPLOMA trial is a microscopically radical (R0, distance tumor 
to margin > 1 mm) tumor resection margin. Secondary endpoints are survival, lymph 
node retrieval, and tumor recurrence.15,16 The completion of the trial will probably take 
several years, but its results will definitely have major impact on the utilization of the 
minimally invasive technique.

MINIMALLY INVASIVE PANCREATODUODENECTOMY

Minimally invasive pancreatoduodenectomy is a highly technically demanding technique 
due to the resection of complex anatomical structures and several anastomoses. Advanced 
surgical skills are needed to successfully complete this procedure. Several studies have 
shown that the uncontrolled introduction of minimally invasive pancreatoduodenectomy 
has led to unfavorable outcomes and increased mortality.17,18 Structured introduction 
through the LAELAPS-2 training program seemed to be safe and feasible, meaning 
that it sets an example to other countries and consortia.19 Nevertheless, it is still to be 
determined whether this training program succeeds to ensure high-quality outcomes in 
the future, and whether it is applicable in other health care settings. The LAELAPS-2 
training program was followed by the LEOPARD-2 trial on minimally invasive vs. open 
pancreatoduodenectomy. Even though the results of the LEOPARD-2 trial were not 
included in this thesis20, it is known that the completion of the learning curve and a 
minimum annual volume are crucial for optimal outcome. In recent years, the relevance 
of the surgical learning curve during technique implementation has become clear.21,22 For 
many minimally invasive gastro-intestinal procedures, the learning curve has been studied 
extensively, and turned out to be longer than expected beforehand.23 This might also be 
the case for minimally invasive pancreatoduodenectomy. Some studies have reported 
learning curves of around 80-100 procedures24,25, and a minimum annual hospital volume 
of around 23-30 minimally invasive pancreatoduodenectomies18,26, without ignoring 
important patient selection factors. This might require further centralization of pancreatic 
surgery, or at least centralization of minimally invasive pancreatoduodenectomy. 
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Increasing annual case volume will improve experience. As was shown in Chapter VI, with 
growing experience over time, surgical complexity can be expanded without negatively 
altering patient outcome. For minimally invasive pancreatoduodenectomy, this might 
mean that extensive tumors with or without vascular resections and reconstructions 
can be performed.27 Laparoscopic vascular reconstructions during laparoscopic 
pancreatoduodenectomy, however, demand very accurate surgical skills, only achieved 
by surgeons extensively trained in laparoscopic suturing. The boundaries for laparoscopic 
pancreatoduodenectomy are therefore especially surgeon dependent.28 A robot-assisted 
approach to pancreatoduodenectomy is thought to enable abdominal suturing for a 
wider group of surgeons, due to the improved dexterity of the system. Currently, the 
robot-assisted pancreatoduodenectomy is being implemented in the Netherlands within 
the LAELAPS-3 program.20,22 The LAELAPS-3 program is based on the LAELAPS-2 
program, but includes more extensive training, such as suturing drills, artificial organ 
simulation, and proctoring, all based on the Pittsburgh approach.29 Future studies will 
have to determine the added value of robot-assisted pancreatoduodenectomy, and also 
address its cost-effectiveness, based on the health care provider’s perspective.

CONCLUSION

Research described in this thesis has investigated the added value of minimally invasive 
pancreatic surgery over open pancreatic surgery, and has provided examples of a structured 
stepwise nationwide introduction program according to the IDEAL framework. Despite 
the fact there are still many ‘research gaps’ to be filled, we have come a long way since the 
first application of minimally invasive pancreatic surgery in the early ‘90s.
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Dit proefschrift beschrijft de stapsgewijze landelijke introductie van minimaal invasieve 
distale pancreatectomie (‘pancreasstaartresectie’) en pancreatoduodenectomie 
(‘Whipple-operatie’), inclusief een zo veilig mogelijke implementatie met gestructureerde 
beoordeling van resultaten o.a. in multicentrische, gerandomiseerd, gecontroleerde 
studies.

DEEL I: HUIDIGE LITERATUUR EN IMPLEMENTATIE

Hoofdstuk II is een systematisch review van studies naar minimaal invasieve versus 
open distale pancreatectomie en pancreatoduodenectomie, waarin de nadruk wordt 
gelegd op observationele studies die patiënt-matching toepasten. In deze studie zagen 
we dat gedurende de afgelopen twee decennia minimaal invasieve pancreaschirurgie 
langzaamaan geaccepteerd werd. Of de minimaal invasieve benadering kan worden 
uitgevoerd, hangt met name af van de reeds doorlopen training en ervaring van de chirurg, 
en van patiënt- en tumorkenmerken. Sommige retrospectieve studies suggereerden de 
superioriteit van de minimaal invasieve benadering ten opzichte van de open benadering, 
terwijl andere ondezoeken geen verschil aantoonden. Het ontbrak echter aan gegevens 
uit gerandomiseerde studies, waardoor definitieve conclusies niet mogelijk zijn. Wel 
was duidelijk dat tijdens de initiële leercurve de uitkomsten van minimaal invasieve 
pancreatoduodenectomie slechter waren wanneer deze werd uitgevoerd in ziekenhuizen 
met een laag volume (<10 minimaal invasieve procedures per jaar).

In Hoofdstuk III zien wij in een Europees onderzoek onder pancreaschirurgen dat 
73% van de chirurgen ervaring had met minimaal invasieve distale pancreatectomie en 
slechts 21% met minimaal invasieve pancreatoduodenectomie. Daarnaast verwachtte 
31% van de chirurgen dat minimaal invasieve distale pancreatectomie voor oncologische 
uitkomsten inferieur is aan open distale pancreatectomie. De overgrote meerderheid 
van de chirurgen gaf aan geïnteresseerd te zijn in specifieke trainingsprogramma’s en 
tevens bereid te zijn deel te nemen aan een Europees gerandomiseerd gecontroleerde 
studie. Deze Europese enquête leidde tot een wereldwijde enquête, welke beschreven 
is in Hoofdstuk IV. Deze enquête werd gehouden onder chirurgische leden van de 
internationale verenigingen voor hepato-pancreato-biliaire chirurgie uit 50 landen. In 
deze studie bleken de resultaten van de Europese studie vergelijkbaar met die van de rest 
van de wereld. Het gebrek aan consensus over de meerwaarde van minimaal invasieve 
pancreaschirurgie onder de deelnemers van de enquête benadrukte de behoefte aan 
multicentrische, gerandomiseerd, gecontroleerde studies.
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DEEL II: MINIMAAL INVASIEVE DISTALE PANCREATECTOMIE

In Hoofdstuk V toont een systematisch review aan, die is uitgevoerd in samenwerking 
met de International Hepato-Pancreato-Biliary Association (IHPBA), dat de studies die 
minimaal invasieve en open distale pancreatectomie vergelijken van lage kwaliteit zijn. 
Uitkomsten van minimaal invasieve distale pancreatectomie waren vergelijkbaar met die 
van open distale pancreatectomie, met wel lager operatief bloedverlies en een kortere 
opnameduur in de minimaal invasieve groep. Voor kwaadaardige tumoren lijken de 
oncologische resultaten op korte en lange termijn vergelijkbaar.

De resultaten van minimaal invasieve distale pancreatectomie die kunnen worden bereikt 
door een ervaren chirurg worden weergegeven in Hoofdstuk VI. Van in totaal 111 
minimaal invasieve distale pancreatectomieën werd slechts 2% geconverteerd naar een 
open procedure. Met toenemende ervaring, nam ook de chirurgische complexiteit van 
de procedures toe, bijvoorbeeld door meer patiënten met pancreaskanker te opereren. 
Hierdoor veranderden het conversiepercentage, het operatieve bloedverlies en de 
operatieduur echter niet. Daarentegen daalden het aantal Clavien-Dindo graad ≥ 3 
complicaties, het aantal pancreasfistels en de opnameduur aanzienlijk (van respectievelijk 
30% naar 5%, 33% naar 9% en 7 naar 5 dagen).

De situatie in Nederland met betrekking tot minimaal invasieve en open distale 
pancreatectomie tot 2014 wordt weergegeven in Hoofdstuk VII. In dit retrospectieve 
onderzoek zien wij dat slechts 10% van de distale pancreatectomieën werd uitgevoerd via 
een minimaal invasieve benadering, terwijl een derde van die procedures geconverteerd 
moest worden naar een open distale pancreatectomie vanwege intra-operatieve 
problemen. Wel was minimaal invasieve distale pancreatectomie geassocieerd met minder 
Clavien-Dindo graad ≥ 3 complicaties en een kortere opnameduur. Deze voordelen 
verdwenen echter na ‘case-matching’, wat wijst op de aanwezigheid van selectie-bias. 
Deze uitkomsten waren minder goed dan die in expertcentra. Nederlandse chirurgen 
waren geïnteresseerd in specifieke training, bedoeld om de uitkomsten van deze 
procedures te kunnen verbeteren. Daarom is landelijke training georganiseerd, die wordt 
beschreven in Hoofdstuk VIII. In 2014 en 2015 participeerden 32 pancreaschirurgen 
uit 17 centra in het landelijke LAELAPS-1 minimaal invasieve distale pancreatectomie-
trainingsprogramma. Operaties die voor training werden uitgevoerd, hebben wij 
vergeleken met de procedures na training. Na de training werd een 7-voudige toename 
van het gebruik van minimaal invasieve distale pancreatectomie waargenomen (P < 
0,001), waarbij het conversiepercentage daalde van 38% vóór de training tot 8% na de 
training (P < 0,001). Tevens daalde het operatieve bloedverlies van 350 ml naar 200 ml 
(P = 0,03). De Clavien-Dindo graad ≥ 3 complicaties, pancreasspecifieke complicaties 
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en mortaliteit bleven in de gehele periode stabiel. De opnameduur daalde echter wel van 
9 dagen vóór de training tot 7 dagen na de training (P < 0,001). Mogelijk is deze daling 
deels beïnvloed door de landelijke implementatie van versneld herstelprogramma’s.

Het trainingsprogramma zorgde voor een verbetering van de uitkomsten van minimaal 
invasieve distale pancreatectomie, waardoor de Nederlandse chirurgen adequaat 
voorbereid waren op een gerandomiseerd, gecontroleerde studie naar minimaal invasieve 
versus open distale pancreatectomie. Dit werd onderzocht in de LEOPARD-1-studie 
(Hoofdstuk IX), waarin tussen april 2015 en maart 2017 108 patiënten gerandomiseerd 
werden: 51 patiënten gerandomiseerd voor minimaal invasieve en 57 voor open distale 
pancreatectomie. De tijd tot functioneel herstel na de operatie (primair eindpunt van de 
studie) daalde met 33% door de minimaal invasieve benadering (4 versus 6 dagen, P < 
0,001). Het aantal Clavien-Dindo graad ≥ 3 complicaties was vergelijkbaar voor minimaal 
invasieve en open distale pancreatectomie. Minimaal invasieve distale pancreatectomie 
was wel geassocieerd met minder operatief bloedverlies (150 versus 400 ml, P < 0,001) 
en minder vertraagde maaglediging graad B/C (6% versus 20%, P = 0,04). Echter, de 
minimaal invasieve operatie duurde langer dan de open operatie (217 versus 179 minuten, 
P = 0,005). Al met al concluderen wij dat minimaal invasieve distale pancreatectomie 
beschouwd mag worden als de standaardbehandeling voor deze patiëntcategorie.

In Hoofdstuk X werden de uitkomsten van de distale pancreatectomie specifiek voor 
pancreaskanker geëvalueerd. In dit landelijke retrospectieve onderzoek zagen wij bij 141 
patiënten die een distale pancreatectomie ondergingen (95% open en 5% laparoscopisch) 
voor het ductaal adenocarcinoom een   mediane postoperatieve overleving van 17 
maanden. De cumulatieve overleving na 1, 3 en 5 jaar was respectievelijk 64%, 29% 
en 22%. Onafhankelijke voorspellers van slechtere postoperatieve overleving waren 
irradicale tumor resectiemarges (hazard ratio = 1,6), een vergevorderd tumorstadium 
(hazard ratio 1,9), een Clavien-Dindo graad ≥ 3 complicatie (hazard ratio = 1,7) en het 
niet ondergaan van adjuvante chemotherapie (hazard ratio = 1,5).

Het doel van Hoofdstuk XI was om oncologische uitkomsten te vergelijken na minimaal 
invasieve en open distale pancreatectomie te vergelijken bij patiënten met pancreaskanker. 
In deze observationele studie bij 1212 patiënten uit 34 centra in 11 landen, zien wij 
een vergelijkbare overleving voor minimaal invasieve en open chirurgie (28 versus 31 
maanden, P = 0,93). Ook bij deze patiënten met pancreaskanker waren het operatieve 
bloedverlies (200 versus 300 ml, P = 0,001) en de opnameduur (8 versus 9 dagen, P < 
0,001) beter bij de minimaal invasieve benadering. Echter, de verschillen in het aantal R0-
resectiemarges, resecties van de fascie van Gerota en gereseceerde lymfeklieren betwistten 
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de waarde van de gevonden oncologische veiligheid. Dit benadrukt de behoefte aan 
een gerandomiseerde, gecontroleerde studies die de oncologische veiligheid van beide 
procedures onderzoeken.

DEEL III: MINIMAAL INVASIEVE PANCREATODUODENECTOMIE

In Hoofdstuk XII beschrijven wij een systematische review van vergelijkende cohort- en 
registratiestudies naar minimaal invasieve versus open pancreatoduodenectomie. In totaal 
werden 19 cohortstudies (1833 patiënten) en 2 registratiestudies (19.996 patiënten) 
geïncludeerd. Tussen minimaal invasieve en open pancreatoduodenectomie werden geen 
verschillen gevonden wat betreft mortaliteit (odds ratio = 1,1) of pancreas fistels graad 
B/C (odds ratio = 1,0). Echter, er bleek publicatiebias voor de uitkomst ‘postoperatieve 
pancreasfistels’, zoals getoond in de funnel plot. Daarnaast zagen wij dat minimaal 
invasieve pancreatoduodenectomie geassocieerd was met een langere operatieduur 
(gewogen gemiddeld verschil = 74 minuten), lager intra-operatief bloedverlies (gewogen 
gemiddeld verschil = 385 ml), minder vertraagde maaglediging graad B/C (odds ratio 
= 0,6) en een kortere opnameduur (gewogen gemiddelde verschil = 3 dagen). De 
registratiestudies wezen erop dat de mortaliteit verhoogd was na minimaal invasieve 
pancreatoduodenectomie in ziekenhuizen met een laag volume (7,5% versus 3,4%, P = 
0,003). Dit gaf aan dat de introductie van minimaal invasieve pancreatoduodenectomie 
alleen zou moeten worden uitgevoerd binnen gestructureerde trainingsprogramma's en 
in hoog-volume ziekenhuizen. Tevens dienen de uitkomsten nauwlettend gevolgd te 
worden tijdens het implementatietraject.

Hoofdstuk XIII toont de resultaten van het LAELAPS-2 multicentrische 
trainingsprogramma bij minimaal invasieve pancreatoduodenectomie. Tussen 2014 en 
2016 namen 8 chirurgen uit 4 Nederlandse centra deel aan het trainingsprogramma. 
In totaal werden 114 minimaal invasieve pancreatoduodenectomieën uitgevoerd in de 
periode na training. Het conversiepercentage bedroeg 11%, het mediane bloedverlies 
350 ml en de operatieduur 375 minuten. Postoperatief had 43% van de patiënten een 
Clavien-Dindo-graad ≥ 3-complicatie, en 34% een pancreasfistels graad B/C. In deze 
groep was de 90-dagen-mortaliteit 3,5%. Hierom concludeerden wij dat het LAELAPS-
2-trainingsprogramma gepaard ging met acceptabele resultaten tijdens de initiële leerfase 
in deze centra.

Na afronding van het LAELAPS-2-trainingsprogramma werd de LEOPARD-2-studie 
naar miniaal invasieve versus open pancreatoduodenectomie opgestart. Dit is een 
multicentrische, gerandomiseerd, gecontroleerde studie, waarbij patiënten geblindeerd 
werden (Hoofdstuk XIV). Deze fase 2/3 studie werd uitgevoerd in centra van de Dutch 
Pancreatic Cancer Group, waarvan de chirurgen het trainingsprogramma’s hadden 
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voltooid en per centrum minstens 20 minimaal invasieve pancreatoduodenectomieën 
hadden uitvoerd. In totaal zullen 136 patiënten gerandomiseerd worden voor minimaal 
invasieve of open pancreatoduodenectomie. Na 40 patiënten (fase 2) zal de ‘data safety 
monitoring board’ beoordelen of het veilig is om door te gaan naar fase 3 van de studie. 
Patiënten uit fase 2 zullen worden geïncludeerd in fase 3. Het primaire eindpunt van 
deze studie is de tijd tot functioneel herstel. Patiënten worden geblindeerd voor het type 
chirurgie met behulp van een groot abdominaal verband. De belangrijkste secundaire 
uitkomsten zijn operatieve en postoperatieve uitkomsten, klinisch relevante complicaties, 
mortaliteit, kwaliteit van leven en kosten.

De kosten en de waarde van minimaal invasieve pancreaschirurgie, zoals distale 
pancreatectomie en pancreatoduodenectomie, worden weergegeven in Hoofdstuk XV. 
In deze studie zagen we dat de operatieve kosten van minimaal invasieve pancreaschirurgie 
hoger zijn dan die van open pancreaschirurgie, terwijl de postoperatieve kosten meestal 
lager zijn. Vanwege de lage kwaliteit van het beschikbare bewijsmateriaal blijft het een 
uitdaging om te beoordelen hoe minimaal invasieve pancreaschirurgiede patiënt en het 
gezondheidszorgsysteem als geheel ten goede zal komen. Desalniettemin ondersteunt de 
ervaring die tot nu toe in de literatuur is waargenomen de voortdurende ontwikkeling 
van minimaal invasieve pancreaschirurgie in hoog-volume pancreascentra. Echter, 
multicentrische, gerandomiseerde onderzoeken moeten worden afgewacht voordat 
definitieve conclusies kunnen worden getrokken over de toegevoegde waarde van 
minimaal invasieve pancreaschirurgie.
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