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 Introduction

The pancreas
Over 300 years B.C., in the city what is now known as Istanbul, Herophilus, an anatomist and 
surgeon, presumably was the first to describe the pancreas. By dissecting hundreds of human 
bodies, supposedly when they were still alive, he gained knowledge in a time were scientific 
research was particularly important. However, it was not until 400 years later that the name 
‘pancreas’ was attributed to the organ itself rather then all mesenteric glands of the body, as 
stated by Hippocrates himself 1. The English translation of pancreas: ‘sweetbread’, was used after 
Latin anatomy books were translated. Nowadays, sweetbread is a more culinary name.
The function of the pancreas remained unclear for many years, for closing the pylorus, a cushion 
for the stomach or protection of the splenic vein. In 1642 the pancreatic duct was discovered and 
the role of the pancreas as a secretory gland was established 2. The exocrine function of the pan-
creas was unravelled in the nineteenth century. By creating a pancreatic fistula, Claude Bernard 
extracted pancreatic juice and discovered its characteristic of fat digestion 3. During that time the 
islets of Langerhans were also discovered, followed by its association with diabetes. This was the 
introduction of the endocrine function of the pancreas leading to the discovery of insulin in 1921.

Diseases of the pancreas
After the discovery of the islets of Langerhans the first insulinomas were described both benign 
and malignant. These islet cell tumors were found in patients with hyperinsulinism and were 
found to have a good prognosis. These tumours are less known to the public despite the long 
history. Non-islet cell pancreatic carcinoma however, is more known to the broad public. It is 
the fifth most common cause of cancer-related death in Europe with an incidence of 11/100000 
per year 4. The dismal prognosis has shown only little improvement over the past 30 years and 
is currently 6% for all stages 5. Only a small percentage of patients with pancreatic cancer are 
eligible for surgical treatment 6. This is a major cause for the dismal overall survival results. Also, 
in a third of patients undergoing surgery, macroscopic radical resection cannot be performed 
due to advanced disease 7. About 80% of the cancer is located in the pancreas head. Together 
with ampullary carcinoma, distal common bile duct carcinoma and duodenal carcinoma they are 
referred to as periampullary carcinomas. While prognosis is poor, surgical resection remains the 
only potential curative procedure. After radical resection the 5-year survival is 20-25% and up to 
50% is found in ampullary and duodenal tumours 4,8. For patients with a resectable lesion partial 
pancreatoduodenectomy is the procedure of choice as introduced by Kausch and Whipple 9.

Pancreatoduodenectomy
The pylorus preserving pancreatoduodenectomy is currently the standard procedure in the cura-
tive treatment of patients with periampullary cancer. This modified pancreatoduodenectomy has 
evolved since the two-stage resection by Walter Kausch, followed by an one-stage procedure by 
Allen Whipple. While a cholecystoenterostomy was already performed in the 19th century and 
the concept of a pancreatic fistula well established, the future for pancreatoduodenectomy was 
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about to begin. The first pancreatic and duodenal resections in 1898 and 1899 by Codivilla and 
Halsted did not involve an anastomosis of the pancreatic stump. The pancreaticoenterostomy 
was also absent in the resection of Walter Kausch. The re-implantation of the pancreatic duct 
into the enteric system was reported two years after Kausch’ groundwork in 1914. In 1940 both 
Whipple and Trimble perform the first one-stage complete resection of the head of the pancreas 
and duodenum. The pancreatojejunostomy was added to the procedure later on 1,10.
Halsted, Kausch and Whipple paved the way for modern surgery and the treatment for pancreatic 
and periampullary cancer as its known today. The authors of the “History of pancreaticoduode-
nectomy” state the following: ‘it used to be said in the past that God had placed the pancreas 
in the back as he did not want anyone to mess with it. These three giants of surgical heritage 
combined with the efforts of several other surgical pioneers not only had the courage to mess 
with it but also to leave a legacy that has put the operation within the reach of several aspiring 
surgeons.’ 10

The pylorus preserving pancreatoduodenectomy performed today includes resection of the 
pancreatic head, duodenum, distal common bile duct and the gallbladder followed by a duode-
nojejunostomy, hepaticojejunostomy and pancreaticojejunostomy. The gastroduodenal artery is 
sacrificed although more extended vascular resections are becoming more common, especially 
portal vein resections. Furthermore, as seen in al oncological resections, a lymphadenectomy is 
performed. The extent of the lymphadenectomy and pancreatectomy is currently under debate. 
Extended lymphadenectomy, arterial resections and macroscopic non-radical resection are a 
result of surgical innovation. However, final results reporting on long-term survival benefits need 
further consideration.

Management of patients undergoing pancreatoduodenectomy
In the early years mortality rates of 10-40% have been reported after pancreatoduodenectomy, 
but after increasing experience and improved perioperative care mortality rates reduced to less 
than 5% in high-volume centres. Unfortunately, the procedure is still accompanied by substantial 
morbidity rates ranging from 40 to 60% 11. A known risk factor for postoperative morbidity after 
pancreatoduodenectomy is preoperative biliary obstruction and subsequent jaundice. In 1935 
A.O. Whipple acknowledged the increased risk of surgery and managed this by introducing pre-
operative biliary drainage (PBD). However, despite the results seen in the experimental studies, 
clinical studies reported both beneficial and adverse effects, and most studies advised against 
routinely performing preoperative biliary drainage. To add clarity to the on going controversy, a 
randomized controlled trial was performed and reported more overall complications in patients 
with jaundice who underwent preoperative biliary drainage followed by surgery compared to 
those who underwent surgery alone 7. Many of these complications were stent related. Like most 
clinical studies, a plastic stent was used to initiate biliary drainage. In this thesis we address the 
quandary of PBD and the use of a metal stent compared to plastic stents. Is a metal stent safe to 
use during preoperative biliary drainage in selection of patients?
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Despite the morbidity rates reported after pancreatoduodenectomy, mortality rates are low and 
overall relaparotomy rates and length of hospital stay is decreased 12–15. The combination of these 
findings suggests an improvement in management of postoperative complications, presumably 
owing to the use of non-surgical interventions. The literature describes this shift from surgical to-
wards endoscopic and radiological management 16. This non-operative intervention is preferable 
in most patients owing to the less traumatic impact. Adequate management of complications 
is crucial in preventing mortality after surgery and failure of management can be disastrous. A 
study comparing hospitals reporting high and low mortality rates showed that the high mortality 
rates were caused by failure to rescue 17,18. However, predicting which intervention is likely to 
succeed or fail is difficult. Management of complications is not only related to the experience 
of the surgeon but also depending on certain hospital structures such as volume, high-level ICU, 
24/7 availability of interventional radiology and endoscopy, effective prevention of complications 
and processes as multidisciplinary patient evaluation and preoperative care leading to adequate 
patient selection that will influence postoperative outcomes 11,19.
In order to ensure our patients with the best possible long-term results optimal preparation 
for surgery and postoperative management of complications is crucial. However, ultimately the 
oncological outcome will predict the final survival. Several pathological prognostic factors are 
known to influence survival after surgery: poor differentiation, nodal metastases and positive 
resection margins 6,20. A microscopic positive resection margin (R1) is traditionally considered to 
be one of the most important prognostic factors for poor survival 6,21–25. In recent years the lymph 
node ratio (LNR), the number of lymph nodes bearing metastases dived by the total number of 
detected lymph nodes (range 0-1), has become more apparent as a strong predictor for survival 
in patients with pancreatic cancer 25–31. A lymphadenectomy is an important surgical treatment 
in patients with resectable cancer. However, we must be aware of our limitations. Is an irradical 
resection and resection of distant lymph nodes also beneficial compared to no resection at all? 
What are the boundaries?

In summary, there are still a few controversies in the management of care of patients with pancre-
atic cancer undergoing pancreatoduodenectomy. First, the role of preoperative biliary drainage 
especially regarding the type of stent that should be used is still under debate. Furthermore, the 
preferred management of postoperative complications bearing the highest rate of success and 
more importantly is less likely to fail, is not yet clear for all types of major complications. Third, 
many determinants influencing long-term survival have been reported. However, the impact of 
these determinants on the actual prognosis varies. Differences in definitions are partly respon-
sible for this variation. And lastly, the role of hospital structures and processes on postoperative 
outcomes is unclear, while volume due to centralisation of care has often been described as a 
prerequisite to reduce surgical mortality and morbidity. This thesis will add clarity to the existing 
controversies and provides new information, definitions and tools on how to manage patients 
undergoing pancreatoduodenectomy.
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ouTlIne of The TheSIS

Studies published on patients with pancreatic cancer are often focussed on survival and the 
management of complications. The latter also involves prevention of complications. Preoperative 
biliary drainage was introduced to prevent postoperative complications in jaundiced patients 
undergoing surgery. However, controversy exists since clinical studies reported both beneficial 
and adverse effects, despite all efforts postoperative complications due occur. The preferred man-
agement of these complications remains difficult since it depends on several determinants and 
failure of therapy can lead to high risk of mortality. Unfortunately, for some complications it is not 
yet clear which treatment is successful which will effect short-term survival. To achieve long-term 
survival direct postoperative management but more so an oncological radical resection is crucial. 
Tumour free margins and resection of regional lymph nodes influence survival however, for both 
surgeons and patients it is important that to know the impact of each individual determinant 
to enable an adequate prognosis estimate. Therefore this thesis aims to guide physicians to the 
most adequate pre- and postoperative management and inform on oncological determinants that 
are essential in achieving good long-term results in patients with pancreatic cancer undergoing 
pancreatoduodenectomy.
The first part of the thesis evaluates the role of preoperative biliary drainage in jaundiced patients 
undergoing pancreatoduodenectomy. Chapter 1 attends to the quandary of preoperative biliary 
drainage in patients with obstructive jaundice due to resectable periampullary cancer. Surgery 
in jaundice patients is associated with a higher risk of postoperative complications. Preopera-
tive biliary drainage was introduced in an attempt to improve the general condition and reduce 
morbidity and mortality. However, a recent randomised controlled trial from the Netherlands 
reported more overall complications in jaundiced patients who underwent preoperative biliary 
drainage followed by surgery compared to surgery alone. Many of these complications were stent 
related. Like most clinical studies, a plastic stent was used to initiate biliary drainage. The aim of 
this study was add clarity to the ongoing controversy whether to drain preoperatively or not. 
The existing literature was systematically analysed. In Chapter 2 the superiority of metal stents 
compared to plastic stents during preoperative biliary drainage was analysed. A multicentre study 
was conducted including jaundiced patients with a resectable pancreatic head tumour who un-
derwent preoperative biliary drainage with a metal stent. This cohort was compared to patients 
included in the abovementioned randomised trial who underwent preoperative drainage using a 
plastic stent. Although direct surgery is preferred in jaundiced patients with periampullary cancer, 
the choice for biliary drainage first is still important because of logistic hurdles when aiming for 
early surgery and increasing indications for neoadjuvant chemo(radio)therapy.
In the second part of thesis the outcomes after pancreatoduodenectomy are described. The 
management of postoperative complications is crucial to enable the most optimal postoperative 
outcomes and survival. Chapter 3 and 4 report on how to manage postoperative complications to 
secure the best outcome for patients following a pancreatoduodenectomy. The aim was to pro-
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vide physicians with an algorithm to which intervention should be performed. Therefore we have 
evaluated predictors for success and failure of operative and non-operative interventions and 
studies which type of intervention is preferred for which type of major complication. A consecu-
tive cohort of patients undergoing pancreatoduodenectomy was analysed. These chapters have 
focussed on the management of pancreatic fistula, postpancreatectomy haemorrhage, biliary 
leakage, leakage of the gastroenterostomy and intra-abdominal abscesses.
Oncological determinants for poor survival after pancreatoduodenectomy are described in 
Chapter 5,6 and 7. In Chapter 5 the definition of a standard lymphadenectomy in surgery for 
pancreatic ductal adenocarcinoma is given based on the survival and postoperative complica-
tions reported after pancreatoduodenectomy. The definition was drafted during a consensus 
meeting of the International Study Group on Pancreatic Surgery; pancreatic surgeons formulated 
a consensus statement based on available literature and their experience. In Chapter 6 the im-
pact of this lymphadenectomy on survival is described, in particular the lymph node ratio, the 
ratio between the total number of lymph nodes resected and the number of positive nodes. 
According to several studies, lymph node ratio is one of the most powerful predictors for survival 
after resection for pancreatic cancer. In this study we assessed the predictive value of lymph 
node ratio compared to a microscopic non-radical resection and poor tumour differentiation on 
3-year survival rates in a consecutive cohort of patients with a malignancy undergoing pancre-
atoduodenectomy. A nomogram was made to create a simple tool depicting the impact of these 
determinants on survival. Chapter 7 will report on the impact of both microscopic and macro-
scopic non-radical resection on survival after pancreatoduodenectomy. The aim was to evaluate 
whether a non-radical R1 and R2 resection have better postoperative outcomes and survival 
compared to a palliative bypass in patients with periampullary or pancreatic cancer. The last part 
of this thesis addresses the impact of multidisciplinary approach and centralisation. In Chapter 8 
the level of evidence on the volume outcome relationship together with other important aspects 
that can influence postoperative outcomes in patients undergoing pancreatic and other upper GI 
surgery is studied. Do high volume centres and surgeons result in better outcomes after surgery 
for the different upper GI surgical procedures such as esophageal, gastric, liver and pancreatic 
tumors? Twelve systematic reviews including four meta-analyses were analysed to answer that 
question. Chapter 9 describes the on going discussion about the impact of volume and experi-
ence of the surgeon versus the role of hospital structure and process of care and the influence of 
a multidisciplinary team (MDT) on the quality of care of patients undergoing pancreatic surgery. 
This study evaluated the effect of weekly multidisciplinary meetings during preoperative and 
postoperative care of patients undergoing a pancreatoduodenectomy. In the last chapter, Chap-
ter 10, the mortality rate after pancreatoduodenectomy as a standardised outcome measure for 
quality of care is evaluated. In the Netherlands the HSMR, hospital standardised mortality ratio, 
is based on data recorded in the Dutch National Medical Registry. However, if these data are 
compared to the data collected for research purposes derived from the same patients, variations 
are seen. We answer the question whether the HSMR, in its current form, is a valid outcome 
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measure for quality of care based on research data from patients who underwent pancreatic 
surgery.
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