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This thesis has studied the controversies in the management of patients with pancreatic cancer 
undergoing pancreatoduodenectomy and determined different factors that will improve this 
management and thereby the postoperative outcomes. The studies were performed in both 
the pre-, peri- and postoperative phase. The improvement of preoperative care was analysed by 
studying the impact of preoperative biliary drainage (PBD) by using metal stents instead of plastic 
stents, whether the type of stent influenced the complication rate and subsequently the patient’s 
recovery. Perioperatively, oncological factors, that influence long-term results after surgery, 
were established and the importance of these factors during tumour staging and the impact on 
a patient’s prognosis were determined. The postoperative care given at the Academic Medical 
Centre in Amsterdam (AMC) was analysed and based on those results an algorithm to which type 
of intervention is appropriate in the management of major postpancreatectomy complications 
was drafted. This thesis can serve as a guide towards evidence based, best practice management 
of surgical patients with pancreatic cancer.

PART I PReoPeRATIVe BIlIARy DRAInAGe In PATIenTS 
unDeRGoInG PAnCReAToDuoDeneCToMy

Chapter 1 describes the quandary of pre-resection biliary drainage for pancreatic cancer. Preop-
erative biliary drainage was introduced in an attempt to improve the general condition and reduce 
morbidity and mortality. However, clinical studies reported both beneficial and adverse effects, 
and most studies advised against routinely performing PBD. We aimed to determine whether 
preoperative biliary drainage was safe to perform based on the existing literature. Most studies 
advised against performing routinely PBD. A Cochrane review included 5 randomized controlled 
studies but could neither support nor refute PBD 1. Another systematic review showed that when 
excluding PBD-related complications, postoperative complications were significantly lower after 
PBD compared to surgery alone: 29.9% versus 41.9% 2. PBD carried no benefit and should not be 
performed routinely owing to PBD-related complications. However, some selected patients might 
benefit from PBD, in cases of severe jaundice, when neoadjuvant therapy is indicated, or when 
surgery must necessarily be delayed owing to patient or institutional logistics.
The on going controversy concerning PBD led to a randomized controlled trial comparing two 
groups of jaundiced patients undergoing pancreatoduodenectomy due to pancreatic cancer 
with and without PBD using a plastic stent 3. This trial reported more overall complications 
in patients with jaundice who underwent PBD followed by surgery compared to those who 
underwent surgery alone. Many of these complications were related to the biliary drainage 
with plastic stent. Despite the results, patients treated at the AMC were often referred with a 
plastic stent already in situ. Since a selection of patients might require PBD before surgery, as 
mentioned before, we investigated the use of a metal stent during preoperative drainage in 
Chapter 2. Metal stent are known to be superior to plastic stent during PBD however, most of 
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the available studies report on patients receiving palliative care without surgery. The aim was 
to establish the superiority of metal stents during PBD as compared to the plastic stents, with 
respect to PBD related complications. A Dutch multicenter prospective trial was performed. 
A total of 53 patients were included and underwent preoperative drainage with a metal stent 
and were compared with the plastic stent group (n=102) from the randomised controlled trial. 
PBD related complications were seen in 12 patients (24%) in the metal stent group compared 
to 47 patients (46%) in the plastic stent group. Specific stent related complications (occlusion 
and exchange) were reported in only 3/49 patients (6%) in the metal stent group compared 
to 31/101 (31%) in the plastic stent group. Metal stents were superior to plastic stent during 
preoperative biliary drainage.

PART II ouTCoMe AfTeR PAnCReAToDuoDeneCToMy

A Postoperative outcome
Mortality due to late haemorrhage after pancreatic surgery is high, especially in patients with 
anastomotic leakage of the pancreaticojejunostomy. Patients usually require emergency interven-
tion. Therefore we analysed patients with late haemorrhage in Chapter 3 and aimed to identify 
independent predictors for late haemorrhage and the need for emergency intervention and type 
of intervention. From a prospective database including 1035 patients who underwent pancreato-
duodenectomy for periampullary tumors between 1992-2012, patients with late haemorrhage 
(> 24 hours after index operation) were identified. Of 47 patients (4.5%) with late haemorrhage, 
20 patients required an emergency intervention. Pancreatic fistula was an independent predictor 
for developing late haemorrhage (OR 10.2, 95% CI 4.37-23.71) and extraluminal location of the 
bleeding (OR 5.6, 95% CI 1.1-29.7) and occurrence of a sentinel bleed (OR 6.6, 95% CI 1.1-38.7) 
predicted the indication for emergency intervention. Unfortunately, the type of emergency 
intervention to perform was unpredictable. In 16 patients in our emergency intervention group 
the primary choice of intervention was radiological and 4 patients received a surgical interven-
tion. In general, radiological intervention is preferred, but if it fails immediate change to surgical 
treatment is mandatory. Chapter 4 focussed on the management of the most common surgical 
complications after pancreatoduodenectomy throughout time and the failure of non-operative 
interventions such as percutaneous drainage or embolisation during angiography, Failure of 
non-operative interventions can lead to invasive rescue surgical interventions with corresponding 
morbidity. Therefore this study aimed to identify the type of intervention to perform to manage 
postoperative anastomotic leakage, haemorrhage and abscesses and which factors lead to failure 
of these interventions. Anastomotic leakage and abdominal abscesses were managed success-
fully by radiological percutaneous drainage; however, hemodynamic instability (OR 17.2, 95% CI 
1.8-160.1) and early sepsis (OR 17.8, 95% CI 4.9-64.4) were strong arguments to perform direct 
surgery. To help physicians in choosing the best intervention to manage postoperative complica-
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tions we created an algorithm: only in case of early haemorrhage, hemodynamic instability and 
early sepsis primary surgical intervention is preferred.

B oncological outcome
Lymph node status of patients with resectable pancreatic ductal adenocarcinoma is an important 
predictor of survival. Survival benefit of extended lymphadenectomy during pancreatectomy is, 
however, disputed, and there is no true definition of the optimal extent of the lymphadenectomy. 
The aim of Chapter 5 study was to formulate a definition for standard lymphadenectomy dur-
ing pancreatectomy. This was performed during a consensus meeting of the International Study 
Group on Pancreatic Surgery (ISGPS) where pancreatic surgeons formulated a consensus state-
ment based on the available literature and their experience. Standard lymphadenectomy during 
pancreatic head resection should include LN stations 5, 6, 8a, 12b1, 12b2, 12c, 13a, 13b, 14a 
right lateral side, 14b right lateral side, and 17a and 17b. Lymphadenectomy during body or tail 
pancreatectomy lymph nodes no. 10 hilum of the spleen, no. 11 splenic artery, and no. 18 along 
the inferior border of the body and tail of the pancreas should be resected. LN station 9 is only 
suggested to be included in the resection when tumours are confined to the area of the body of 
the pancreas.
A lymphadenectomy is important in achieving the best possible survival. The lymph node ratio 
(LNR), the ratio between the total number of lymph nodes resected and the number of positive 
nodes, is a relative new predictor for survival in surgical patients with pancreatic cancer. Accord-
ing to several studies the LNR is more powerful than a microscopic positive resection margin (R1). 
However, contradictory results are reported and small sample size and different definitions for an 
R1 resection limit these studies. In Chapter 6 we analysed 760 patients with pancreatic and peri-
ampullary cancer following pancreatoduodenectomy. We aimed to assess the predictive value of 
LNR for 3-year survival and create a nomogram to calculate patient’s prognosis. The LNR was the 
common predictive factor for poor survival in patients with pancreatic and periampullary cancer. 
High lymph node ratio (LNR>0.18 HR 1.75, 95% CI 1.13-2.70), an R1 resection (tumour cells within 
1mm from the circumferential margin) (HR 1.55, 95% CI 1.07-2.25), poor tumour differentiation 
(HR 2.78, 95% CI 1.40-5.52) and no adjuvant therapy (HR 1.54, 95% CI 1.01-2.34) were identified 
as predictive factors for death during 3-year follow-up in patients with pancreatic cancer.
In Chapter 7 we evaluated whether a non-radical R1 and R2 resection had better postoperative out-
comes and survival compared to a palliative bypass. Differentiation between R1 and R2 resection 
is often not applied in studies on survival after non-radical resections compared to bypass surgery 
in patients with pancreatic cancer. The aim of this study was to evaluate whether a non-radical R1 
and R2 resection have better postoperative outcomes and survival compared to a palliative bypass. 
A consecutive series at the AMC, n=405, and a systematic review of the available literature was 
performed. The cohort study showed higher morbidity rates after R1 and R2 resections compared 
to bypass (52% and 73% vs. 34%, p<0.01). In-hospital mortality did not differ. 1-year survival rates 
were 71%, 46% and 32% after R1, R2 resection and bypass respectively (p=0.6 between R2 and 
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bypass). An R1 resection was defined according to the criteria of the Royal College of Patholo-
gists: tumour cells within 1mm from the circumferential margin. The systematic review identified 
8 studies. Increased morbidity after R1 and R2 resection (48%) compared to bypass (30-34%) was 
found. 1-year survival was 14-18 months after R1 resection vs. 9-13 months after bypass and 8.5-
11.5 months after R2 resection vs. 7.5-10.7 months after bypass. To improve survival a curative 
resection is the only option for long-term survival. However, this study showed that surgery is not 
always the best treatment of choice when a microscopic radical resection cannot be achieved. An 
R2 resection should be avoided in patients with pancreatic cancer due to its poor prognosis.

PART III CenTRAlISATIon, MulTIDISCIPlInARy APPRoACh AnD 
ReGISTRATIon In PAnCReATIC SuRGeRy

In Chapter 8 we studied all systematic reviews and meta-analyses on centralisation of high com-
plex low volume procedures in upper GI surgery. Do high volume centres and surgeons result in 
better outcomes after surgery and is this reported in all different upper GI surgical procedures? 
Twelve systematic reviews including four meta-analyses described the effect of hospital and/or 
surgeon volume on mortality. The majority of reviews (> 90%) showed a lower mortality in high 
volume hospitals (>20 resections/year). This correlation was also reported when analysing the 
different GI procedures separately for oesophageal, gastric, hepatic and pancreatic tumours. The 
volume discussion has limitations and therefore the relationship between hospital structure and 
process of care in hospitals and the outcome of surgery have also been acknowledged. Besides 
surgeon expertise and skills, high-intensity ICU, 24/7 availability of interventional radiology, ef-
fective prevention and managing of complications and adequate patient selection will influence 
postoperative outcomes. These forms of hospital structures and process of care might even play 
a more important role in surgical outcomes.
An example of a hospital process is the multidisciplinary team (MDT) approach. The effect of 
this approach on the treatment of surgical patients with complex gastrointestinal pathology was 
outlined in Chapter 9. A MDT approach during pre and post-operative surgical meetings led to 
alterations of the initial treatment strategy proposed by the referring hospital. 128 patients with 
complex gastrointestinal pathology were prospectively registered at the weekly pre and postoper-
ative outpatient MDT meeting of the Gastrointestinal Oncology Centre Amsterdam. The proposed 
treatment was changed during the MDT meetings in 14/41 patients (34%). During postoperative 
MDT meetings on the surgical ward, additions and suggestions for change of the on going treat-
ment strategies set by surgeons according to protocols, were made according to proposals of the 
non-surgical members of the MDT in 42/149 patients (28%). Additions comprised suggestions for 
change in management of co-morbidities in 15 patients and of postoperative complications in 
27 patients. These findings underscore the substantial effects of the MDT concept on treatment 
strategy of such complex patients.
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In the last chapter of this thesis, Chapter 10, the mortality rate after pancreatoduodenectomy 
as a standardised outcome measure for quality of care is evaluated. The Hospital Standardized 
Mortality Rate (HSMR) is a risk adjusted outcome measure for in-hospital mortality and recently 
introduced in The Netherlands. The quality of care in hospitals can be compared based on the 
HSMR. We analysed whether the data used for calculating the HSMR was reliable. Despite all 
efforts from the medical administrative department the HSMR was not sufficient in terms of reg-
istration of comorbidity for patients with pancreatic cancer. The dataset was incomplete: only 136 
out of 188 complications and 51 out of 99 comorbidities were registered. It was not developed 
or adapted sufficiently to analyse the HSMR resulting in inadequate case mix correction due to 
inadequate registration of parameters that influence the HSMR. Whether the HSMR would be 
a valid measure for quality of hospital care if the data was to be sufficient is still under debate.

fuTuRe PeRSPeCTIVeS

The goal of this thesis was to provide a guide towards the most adequate pre- and postoperative 
management of patients undergoing pancreatoduodenectomy due to pancreatic cancer. The 
preoperative management focuses on the treatment of jaundiced patients with resectable pan-
creatic or periampullary cancer. We have demonstrated that metal stents are safe to use during 
preoperative biliary drainage. Despite the preference of early surgery without PBD, it is not likely 
that centers all over the world will be able to facilitate this regimen 4,5. Furthermore, a selection of 
patients is not suitable for this approach being those receiving neo-adjuvant treatment, suffering 
from severe jaundice or cholangitis or needing nutritious support 6–8. Neoadjuvant treatment is 
increasingly applied to provide a better postoperative survival however, in case of jaundice these 
patients are in need of biliary drainage 9–11. A metal stent can provide adequate drainage with 
a low complication rate allowing patients to safely undergo neoadjuvant therapy. Another ad-
ditional treatment modality that has been introduced is the radiofrequency and electroporation 
ablation 12,13. It is performed in patients with known locally advanced pancreatic cancer and RFA 
reports a median survival of 25.6 months 13. If these types of ablation continue to result in good 
long-term survival rates, this technique might become part of the treatment of patients who are 
found to be locally irresectable during surgery. In case pancreatoduodenectomy is not possible 
ablation could then be applied. However, it is performed before placement of a metallic biliary 
stent 14,15. Therefore, the use of a metal stent during preoperative biliary drainage should be de-
noted when RFA is likely to be performed and a stent change might be considered after the RFA.
With regards to the postoperative management of complications after pancreatoduodenec-
tomy we demonstrated that the type of emergency intervention patients with late haemorrhage 
should receive is unpredictable. In general, late haemorrhage should preferably be treated by the 
interventional radiologist however when radiological intervention fails, patients are designated to 
undergo surgery especially in hemodynamic instable patients. To avoid transportation, in which 
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the medical team is not able to immediately resuscitate the patient in case of an emergency and 
to have a fully equipped intervention team available prepared for both radiological intervention 
or surgical intervention, performing both interventions in close relation is desirable. A possible 
option is the use of a hybrid operation room. In a hybrid room both angiographic intervention 
and surgical opportunities are integrated in an operating room. This is already used routinely in 
vascular and cardio thoracic surgery and should be expand to upper gastrointestinal surgery 16,17.
Prevention of complications and adequate management is crucial in preventing mortality. We 
showed that pancreatic fistula was an independent predictor for developing late haemorrhage, 
which is associated with high morbidity rates. Therefore, it is still important to further prevent 
leakage of the pancreatojejunostomy. Studies have reported several options ranging from 
minimal invasive to invasive such as a total pancreatectomy which will prevent pancreatic leak-
age at all times. Several anastomotic techniques have been described to secure the pancreatic 
anastomosis such as a single or double layered pancreatojejunostomy, duct invagination, end-
to-end or end-to-side, or internal anastomotic stenting to divert the pancreatic juice away from 
the anastomosis. The latest technique described is triple secured, ligating the pancreatic branch 
ducts, duct-invagination or duct-to-mucosa anastomosis for main pancreatic duct, and, four large 
stitches between the pancreatic stump and jejunum 18. At the AMC the technique has now shifted 
towards double layered pancreatojejunostomy.
Management of anastomotic leakage and primary abscesses can be managed non-operatively. 
However, we must be aware of the risk of management failure. We demonstrated that the risk 
of dying within 5 years after pancreatoduodenectomy was 6 times higher in patients with a 
pancreatic fistula in whom non-operative management failed. Therefore, to achieve long-term 
survival in patients with pancreatic or periampullary cancer, complications should be success-
fully managed. Furthermore, an oncological radical resection must be performed. This includes 
a lymphadenectomy. Due to the never-ending evolvement of surgical techniques this lymphad-
enectomy has been extended throughout the years. Rational behind this was to discontinue the 
tumour spread and resect all potential metastases. However, compelling evidence-based reports, 
both RCTs and meta-analyses, show no benefit to performing an extended lymphadenectomy, 
although, the optimal lymphadenectomy is disputed. There is still an on going debate on whether 
to resect lymph node stations 16b1, the posterior para-aortic lymph node and lymph node station 
8p, posterior of the common hepatic artery. In this thesis we provide the readers with a guide 
towards the standard lymphadenectomy based on the literature and expert opinions. This can 
have a great impact on future studies since to date, the diversity of extent and site of lymphad-
enectomy described in the literature makes it difficult to compare results and analyse the optimal 
procedure. By adopting this standard lymphadenectomy, new clinical trials can generate evidence 
for the appropriate treatment in the case of positive distant lymph nodes of for instance 16b1 and 
8p. Also, with a broad use of this definition postoperative determination of the lymph node status 
will be performed in a similar manner. The lymph node status can then be used as an outcome 
measure for neoadjuvant therapy and by applying the same definition; study results from around 
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the globe can be compared. Furthermore, it can lead to an improved patient selection to deter-
mine the type adjuvant therapy that should be used.
To affirm the importance of the lymphadenectomy we created a nomogram to be used by physi-
cian and patients which shows the impact of positive lymph nodes on survival rates compared 
to a microscopic irradical resection, poor tumour differentiation and administering adjuvant 
chemotherapy. In respect to these determinants the lymph node ratio had the most impact on 
long-term survival. Staging of pancreatic cancer however, is set by the AJCC classification and 
does not incorporate radicality, differentiation or the lymph node ratio. We have even shown 
that performing a macroscopic irradical resection results in poor long-term outcomes comparable 
with those outcomes seen in patients undergoing a palliative bypass procedure. Therefore we 
encourage physicians to incorporate irradicality, differentiation and also the lymph node ratio to-
gether with the AJCC classification when staging patients with pancreatic cancer who underwent 
resection. With the constant improvement of preoperative staging we might be able to identify 
patients with high risk of an irradical resection due to local ingrowth. These patients could then 
be offered a local therapy first meaning systemic therapy and/or RFA or electroporation therapy.
Finally, this thesis has shown the reader the role of centralisation, multidisciplinary teamwork 
and registration of patients with pancreatic cancer. Hospital volume and surgeon volume are the 
most recognized variables to be correlated with mortality. Other hospital structures, facilities 
and availability such as fully equipped operating rooms, intensive care unit, interventional radiol-
ogy and endoscopy, specialised surgeons, anaesthesiologists, microbiologists and nursing staff, 
and the high quality of every discipline are a prerequisite for quality of care but correlations 
with mortality rates are difficult to quantify resulting in limited data demonstrating any effect 
of these factors on patient outcomes. One hospital process, multidisciplinary teamwork, was 
analysed in this thesis. This approach resulted in many alterations and additions to the treatment 
of patients during the pre- and postoperative phase. The multidisciplinary approach is crucial in 
the preoperative phase. The initial therapy is set and agreed upon by surgeons, gastroenterolo-
gists, pathologists, radiologist and oncologists. With the increasing availability of multimodality 
treatment every patient must be discussed separately to enable the best possible personalised 
therapy. This has lead to many multidisciplinary initiatives nationally and internationally. In the 
Netherlands the Dutch Pancreatic Cancer Group (DPCG) was founded in 2010. New treatment 
protocols and trials are presented to improve management of patients with pancreatic cancer. 
Through the multidisciplinary approach discrepancies between which therapy is appropriate will 
decrease. This is also one of the goals of the international collaboration COST Action BM1204 19. 
It facilitates integration of knowledge and experience, research, training and dissemination of 
results to a broader public to improve management of patients with pancreatic caner. These col-
laborations are the future and are necessary in order to change the dismal prognosis of patients 
with pancreatic cancer.
The abovementioned hospital structures and processes are sometimes difficult to quantify, 
using these factors to objectify and compare hospitals quality of care is difficult. Therefore the 
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HSMR was composed, various factors influencing mortality such as the age of the patient and 
comorbidities were included. However, in the last chapter of this thesis we have demonstrated 
that the HSMR is based on data not suitable for analysis. Data that has been registered for other 
means and is insufficient to provide complete information. In order to use any parameter as an 
outcome measure for quality of care comparison between hospitals it should be determined 
whether it contains all relevant information. Can this measure be extrapolated to other hospitals 
and is comparison justified, does it contain detailed patient characteristics and other factors such 
as disease severity and referral pattern influencing postoperative outcomes enabling more ad-
equate casemix correction? Are the necessary data registered sufficiently for analysis? 20 Because 
of the unreliability, the use of the HSMR is disputed in the Netherlands. Many hospitals refrain 
from publishing their HSMR and imply that this outcome measure will not enable hospitals to 
perform better and improve quality of care. Another initiative to improve quality of care is for the 
hospitals to use their own HSMR on a yearly basis as a tool to see if there are any improvements 
to be made 21.
In conclusion, this thesis has proven the importance of a multidisciplinary approach towards 
patients’ initial therapy for pancreatic caner and set up guidelines for the most optimal post-
operative management. Due to continues changes and developments in health care it is vital 
that both nationally and internationally knowledge and trial results are shared and physicians 
collaborate to achieve the best possible care for their patient. This thesis has shown that col-
laboration results in better outcome after treatment of patients with pancreatic cancer in both 
the pre- and postoperative phase.
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