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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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ABSTRACT

Surgery in patients with obstructive jaundice caused by a tumor in the pancreatic head area is 
associated with a higher risk of postoperative complications. Preoperative biliary drainage was 
introduced in an attempt to improve the general condition and reduce morbidity and mortality. 
Extensive experimental studies have been performed to analyse the beneficial effect of biliary 
drainage and showed improvement in liver function, nutritional status, and cell-mediated im-
mune function as well as reduction in mortality. However, despite the results seen in the ex-
perimental studies, clinical studies reported both beneficial and adverse effects, and most studies 
advised against routinely performing preoperative biliary drainage. To add clarity to the ongoing 
controversy, a recent 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. Many of these complications were 
stent related. Like most clinical studies, a plastic stent was used to initiate biliary drainage. Patients 
with jaundice because of a tumor in the pancreatic head area without locoregional irresectability 
or metastases should be candidates for early surgery. Preoperative biliary drainage should not be 
performed routinely. However, some selected patients might benefit from preoperative biliary 
drainage, in cases of severe jaundice, neoadjuvant therapy, or postponed surgery due to logistics. 
In these cases, the use of metal biliary stents is indicated.
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The quandary of pre-resection biliary drainage for pancreatic cancer Chapter I

InTRoDuCTIon

Tumors of the pancreatic head area (pancreas, distal bile duct, perivaterian duodenal, and ampul-
lary region) are the most prevalent cause of obstructive jaundice, clinically evident by pruritus, 
dark urine, and discoloration of stool, and the first presenting symptom in up to 85% of patients 1. 
The consequence of prolonged and progressive obstructive jaundice is hepatic dysfunction due 
to bile stasis but also cholangitis. The only treatment for cure of the tumor is through radical 
resection by means of pancreatoduodenectomy, although only possible in 15% to 25% of patients 
owing to the presence of locoregional tumor involvement of the artery and vein and/or meta-
static disease during preoperative workup 2. Pancreatoduodenectomy is associated with less than 
5% mortality rates in experienced centers but with 40% to 60% morbidity rates. 3–9.

The increased risk of surgery in patients with jaundice was acknowledged and managed by A.O. 
Whipple 10 in 1935. He introduced preoperative biliary drainage (PBD) by performing a 2-stage 
procedure, a cholecystogastrostomy to reduce jaundice followed by resection at a later stage, 
depending on the severity of jaundice 10. A nonoperative external drainage procedure was de-
veloped in the mid-1960s: the percutaneous transhepatic cholangiography with placement of an 
external-internal biliary drain 11. Ten years later, internal drainage was introduced with endoscopic 
retrograde cholangiopancreatography (ERCP). The diagnostic investigation of the biliary tract by 
ERCP was combined with a therapeutic intervention by inserting an endoprosthesis to initiate 
(preoperative) biliary drainage.
Up to now, most patients with jaundice with distal obstruction (pancreatic head/distal bile duct/
ampulla) are still treated by ERCP and biliary stent placement. Nevertheless, an ongoing contro-
versy exists about the role of PBD in patients with biliary obstruction in an attempt to reduce 
postoperative morbidity and mortality 12. This paper will focus on preoperative drainage in distal 
common bile duct obstruction mainly caused by pancreatic cancer.

experimental studies on obstructive jaundice and biliary drainage
Obstructive jaundice is associated with a proinflammatory state resulting from portal and 
systemic endotoxemia, and experimental studies have extensively reported on the underlying 
pathophysiological mechanisms 13–15.
The endotoxin concentration in the portal circulation is increased as a result of the lack of bile 
salts in the intestinal lumen, with consequently an unbalanced bacterial intestinal microflora and 
increased permeability of the intestinal mucosal barrier, promoting translocation of bacteria 16,17. 
Inadequate clearance of endotoxins in obstructive jaundice has been attributed to an altered 
reticuloendothelial system function of Kuppfer cells in the liver 17,18. It has been demonstrated 
that in isolated liver Kuppfer cells from cholestatic mice, increased numbers of viable intracellular 
bacteria after infection were present, suggesting an impairment of intracellular bacterial killing 19.
The exposure to endotoxemia and bacterial translocation due to obstructive jaundice leads to an 
uncontrolled induction of the inflammatory cascade: animal experiments have shown increased 
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serum concentrations of proinflammatory cytokines, such as tumor necrosis factor (TNF), IL-6, 
GRO/KC (IL-8), and IL-10 20–25. Increased concentrations of some of these proinflammatory cy-
tokines are suggested to contribute to development of complications 21,26. On the other hand, 
the enhanced IL-6 release, as found in mice with jaundice exposed to endotoxin, might also play 
an role in protecting the cholestatic host against hypersensitivity to endotoxin 25,27. In contrast 
to these results found in animal models of biliary obstruction, it seemed that the generalized 
inflammatory state in patients with obstructive jaundice was different 28.
Biliary drainage to reduce postoperative septic complications has been shown in experimental 
models to improve liver function, nutritional status, and cell-mediated immune function; to 
reduce systemic endotoxemia and cytokine release; and subsequently, to improve overall im-
mune response 23,29–34. Mortality was significantly reduced in these animal models. With respect 
to the preferred route of drainage, we also showed that internal PBD was found to be superior 
to external PBD with regard to reduction of endotoxemia and mortality; whereas others dem-
onstrated external drainage, although in the short-term, to lead to a better recovery of cellular 
immunity 30,35,36.
The adverse effect of biliary drainage is the associated complications of the procedure itself. 
In dogs, insertion of biliary endoprostheses resulted in bile contamination and severe chronic 
inflammation of the bile duct 37. This inflammatory process led to considerable thickening of the 
wall in both normal and obstructed bile ducts, with transmural fibrosing inflammation and oc-
casionally, ulceration. Two months after removal of the endoprosthesis, bacterobilia persisted 
and the bile duct remained inflamed. It is likely that the infected bile and the condition of the 
bile duct wall, as a consequence of the preoperative stenting, were responsible for complications.
Concerning the optimal duration of PBD, it has been shown that adequate recovery of hepatic 
function depends on the duration of biliary decompression and duration of obstructive jaundice 
before decompression 38. A minimum of 4 to 6 weeks of preoperative drainage was advised, with 
even longer periods proposed for patients with extensive biliary obstruction. A more recent study 
showed that preoperative decompression is necessary for at least 3 weeks before coagulation and 
hepatic and reticuloendothelial system functions start improving 39.

Preoperative biliary drainage: clinical studies
Preoperative biliary drainage was introduced over the past 30 years in an attempt to improve 
the general condition and reduce morbidity and mortality. Most clinical studies however failed 
to report the positive effects of drainage as shown by the experimental models and concluded 
that PBD should not be performed routinely in patients with jaundice with resectable periam-
pullary cancer 40–46. Some studies even reported more postoperative complications in patients 
who underwent PBD, and others did not show any difference between patients who underwent 
PBD followed by surgery versus those that underwent surgery alone 43,46–48. Preoperative biliary 
drainage was considered for selected patients: patients with cholangitis or when neoadjuvant 
treatment was scheduled.
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Five meta-analyses were performed to describe the effect of PBD and included studies comparing 
surgery with PBD to surgery without PBD in patients with jaundice because of a periampullary 
tumor 12,49–52. Three meta-analyses reported retrospective and prospective studies and reported 
no beneficial effect of PBD on postoperative outcomes 50–52. A Cochrane review included 5 ran-
domized controlled studies: 2 studies used external drainage, 2 studies used external and internal 
drainage, and one study used only internal drainage to treat patients with jaundice. The review 
could neither support nor refute PBD 12. Previously, Sewnath et al included the same randomized 
studies and showed that PBD carried no benefit and should not be performed routinely owing to 
PBD-related complications 49. However, when excluding PBD-related complications, postopera-
tive complications were significantly lower after PBD compared to surgery alone: 29.9% versus 
41.9%. Only by reducing PBD-related complications could PBD be beneficial. The authors also 
described the shortcomings of the relatively old studies. Lack of uniformity of the prior studies 
due to different drainage procedures, variation in duration of drainage, and unclear inclusion and 
exclusion criteria raised the concern that high-risk subgroups that might benefit from PBD were 
not identified in their meta-analysis 49.

Preoperative biliary drainage: the netherlands randomised controlled trial
The (older) clinical studies discussed so far reached a general consensus regarding the need for 
well-conducted randomized controlled trials (RCT), as the level of evidence was limited. The only 
RCT comparing endoscopic biliary drainage with surgery alone was of poor quality and published 
in 1994 53. Therefore, a new multicenter RCT was conducted in the Netherlands and published 
in 2010 54. Patients with jaundice because of a resectable periampullary tumor were random-
ized to either PBD followed by surgery or early surgery alone 55. The primary outcome was the 
total number of serious complications, both drainage and surgery related, within 120 days after 
randomization. Both academic and regional hospitals participated. A total of 202 patients were 
randomized: 102 patients were assigned to the PBD group, and 94 patients were assigned to 
early surgery. After randomization, two patients withdrew consent and four patients were found 
to be ineligible. Time to surgery was 5.2 weeks in the PBD group and 1.2 weeks for patients who 
underwent early surgery. Pancreatoduodenectomy was performed in 56% of the patients in the 
PBD group and in 67% of the patients undergoing early surgery and did not differ significantly (P 
= 0.11). Serious complications occurred in 74% and 39% of patients, respectively, with a relative 
risk of complications after early surgery of 0.54 (95% confidence interval [CI], 0.41–0.71; Figure 
1). Fifteen percent mortality was seen in the PBD group and 13% in the patients who underwent 
early surgery. These rates are higher than rates reported in other studies; however, in this RCT, 
mortality was reported after 120 days after randomization instead of the frequently used 30-day 
in-hospital mortality, and included patients’ early deaths due to progressive disease. This study 
was also performed in academic and medium- to high-volume regional hospitals 56,57. A recent 
study from the Netherlands again showed the difference in mortality between low-, medium-, 
and high-volume hospitals 3.
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The diff erence in the overall complicati on rate between the 2 groups was mainly associated 
with PBD-related complicati ons. Cholangiti s and stent occlusion were reported in 26% and 15%, 
respecti vely. Thirty percent of the pati ents who had preoperati ve drainage underwent stent 
replacement. The authors concluded that PBD did not improve the outcome aft er surgery and 
that it should not be performed routi nely.
The major comment by gastroenterologists on the trial was that, as in many other clinical studies, 
plasti c stents were used routi nely to initi ate biliary drainage 2,58. They suggested, without strong 
evidence so far, that metal stents should lead to lower drainage-related complicati on rates due to 
less stent occlusion, cholangiti s, etc. This was based on a Cochrane systemati c review on palliati ve 
biliary stents for obstructi ve pancreati c carcinoma 59. In this review, metal stents were far superior 
to plasti c stents. One reason to conti nue with the use of plasti c stents is the costs: approximately 
50 euro for plasti c stents versus 800 to 1500 euro for metallic stents. In a follow-up study aft er 
the recent RCT performed in our academic center, most pati ents were sti ll referred aft er ERCP in 
which a plasti c stent was already inserted.
Considering the poor results shown in the Dutch RCT, and the aforementi oned studies supporti ng 
the use of metal stents if drainage is indicated, a new multi center study has recently started in the 
Netherlands (NTR3142). In selected pati ents who are scheduled for PBD for special indicati ons, 
the most opti mal form of PBD should be applied. Inclusion criteria are pati ents with resectable 
periampullary tumors who cannot undergo immediate surgery owing to waiti ng list or other 
logisti c problems and are planned for PBD. These pati ents will receive a covered metal stent. 
Other countries are conducti ng similar trials: a randomized trial is currently being conducted in 
Sweden (NCT00501176) comparing plasti c stents with metal stents, and groups in the United 
States (NCT01191814) are also randomizing between plasti c and metal stent placement. Another 
trial (NCT01038713) is comparing plasti c stents with covered metal and uncovered metal stents.
Considering the diff erences found in the recent Dutch RCT in complicati ons aft er PBD followed by 
surgery versus early surgery alone (74% vs 39%, respecti vely), one might suspect that it is virtually 

figure 1: Proporti on of pati ents with complicati ons within 120 days aft er randomizati on in the PBD group and 
the early surgery group. Adapted from van der Gaag et al. 54
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impossible to obtain bett er results with the use of metal stents even with a substanti al reducti on 
of PBD-related complicati ons. These complicati ons will always be higher in treatment strategies 
using PBD compared to a strategy without PBD.

Survival in the netherlands, RCT
Preoperati ve biliary drainage did not improve survival outcome aft er surgery. Nevertheless, PBD is 
sti ll an acceptable opti on in selected pati ents who, owing to waiti ng lists or other logisti c hurdles 
such as referring patt erns or additi onal diagnosti c procedures, end up being drained preopera-
ti vely 50,60. An important aspect of this treatment strategy is the delay in surgery. A substanti al 
delay could theoreti cally lead to a more advanced stage of cancer and could aff ect the survival 
of these pati ents. Therefore, the 2 treatment strategies should also be analyzed for diff erences 
in survival. In the previously menti oned RCT, it was evaluated whether the delay in surgery in 
the PBD group adversely aff ected survival 61. Overall survival of pati ents with pathology-proven 
malignancy in the PBD group and the early surgery group was compared, and median survival 
equivalent were at 12.7 months (8.9–16.6 months) and 12.2 months (9.1–15.4 months), respec-
ti vely (Figure 2).
Although survival between the groups did not diff er, some factors were associated with survival of 
the enti re group: ti me to surgery (hazard rati o [HR], 0.90; 95% CI, 0.83–0.97), resecti on (HR, 0.26; 
95% CI, 0.18–0.37), high bilirubin levels (>200; HR, 1.72; 95% CI, 1.06–2.78), and complicati ons of 
treatment (HR, 1.44; 95% CI, 1.00–2.08). These fi ndings confi rm results published in a previous 
study, which reported an adverse eff ect of the presence of jaundice at the ti me of surgery on early 
survival 62. No diff erence was reported in survival between the pati ents who underwent PBD and 
those who did not. Another study reported a bett er 5-year survival aft er pancreatoduodenec-

figure 2: Kaplan-Meier overall survival curves of pati ents with a malignancy who underwent early surgery or 
PBD followed by surgery. Adapted from Eshuis et al. 61
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tomy in patients without jaundice with an ampullary mass compared to patients with jaundice: 
71% versus 43%, respectively (HR, 2.52; 95% CI, 1.48–4.31) 63.

Quality of life
The prognosis of patients with periampullary cancer, in particular, pancreatic head cancer, is 
rather poor. At the time of diagnosis, only a minority of patients are still eligible for resection. 
Of note, 5-year survival remains limited for pancreatic cancer even after “curative” resection 64. 
Surgery is also associated with substantial morbidity; therefore, the health-related quality of life 
(HRQOL) of patients after surgery should be considered important in the management strategy 65.
The Dutch RCT reported that patients undergoing early surgery without PBD have fewer overall 
complications 54. To investigate whether these patients also had a better HRQOL, the authors 
subsequently analyzed the HRQOL of patients undergoing PBD and patients who did not undergo 
PBD before surgery. During this study, patients’ preference for treatment strategy (early surgery 
or PBD followed by surgery) was investigated as well. No difference in HRQOL was seen between 
both treatment groups (P = 0.16), although the PBD group had a better improvement of their 
jaundice (P = 0.02). Most of the patients preferred early surgery 66.

SuMMARy

Extensive experimental studies have been performed analysing the beneficial effect of biliary 
drainage and showing improvement of liver function, nutritional status, and cell-mediated im-
mune function as well as reduction in mortality. However, despite the results seen in the experi-
mental studies, past clinical studies have reported both beneficial and adverse effects, although 
most studies advised against performing routinely PBD. This was corroborated in a Cochrane 
review. Nevertheless, PBD is still a common practice in patients with jaundice with a tumor in the 
pancreatic head area. To add clarity to the ongoing controversy, a multicenter randomized con-
trolled trial in the Netherlands was performed reporting more overall complications in patients 
with jaundice who underwent PBD followed by surgery compared to early surgery alone.

ConCluSIon

Patients with jaundice because of a tumor in the pancreatic head area without locoregional ir-
resectability or metastases are often candidates for early surgery. Preoperative biliary drainage 
should not be performed routinely. However, some selected patients might benefit from PBD, in 
cases of severe jaundice, when neoadjuvant therapy is indicated, or when surgery must neces-
sarily be delayed owing to patient or institutional logistics. In these cases, the use of metal biliary 
stents is indicated.



29

The quandary of pre-resection biliary drainage for pancreatic cancer Chapter I

RefeRenCeS

1. Stapley S, Peters TJ, Neal RD, et al.. The risk of 
pancreatic cancer in symptomatic patients in 
primary care: a large case-control study using 
electronic records. Br J Cancer. 2012; 106: 1940-
1944.

2. Bonin EA, Baron TH. Preoperative biliary stents 
in pancreatic cancer. J Hepatobiliary Pancreat 
Sci. 2011; 18: 621-629.

3. de Wilde R, Besselink MGH, van der Tweel I, et 
al.. Impact of nationwide centralization of pan-
creaticoduodenectomy on hospital mortality. Br 
J Surg. 2012; 242: 781-790.

4. Eshuis WJ, Hermanides J, van Dalen JW, et 
al.. Early postoperative hyperglycemia is as-
sociated with postoperative complications after 
pancreatoduodenectomy. Ann Surg. 2011; 253: 
739-744.

5. Wente MN, Bassi C, Dervenis C, et al.. Delayed 
gastric emptying (DGE) after pancreatic surgery: 
a suggested definition by the International 
Study Group of Pancreatic Surgery (ISGPS). 
Surgery. 2007; 142: 761-768.

6. Wente MN, Veit JA, Bassi C, et al.. Postpancre-
atectomy hemorrhage (PPH): an International 
Study Group of Pancreatic Surgery (ISGPS) defi-
nition. Surgery. 2007; 142: 20-25.

7. Gouma DJ, van Geenen RC, van Gulik TM, et 
al.. Rates of complications and death after 
pancreaticoduodenectomy: risk factors and the 
impact of hospital volume. Ann Surg. 2000; 232: 
786-795.

8. Bassi C, Dervenis C, Butturini G, et al.. Postop-
erative pancreatic fistula: an international study 
group (ISGPF) definition. Surgery. 2005; 138: 
8-13.

9. Dindo D, Demartines N, Clavien P-A. Classifica-
tion of surgical complications. Ann Surg. 2004; 
240: 205-213.

10. Whipple A, Parsons W, Mullins C. Treatment of 
carcinoma of the ampulla of Vater. Ann Surg. 
1935; 102: 763-779.

11. Glenn F, Evans J. Percutaneous transhepatic 
cholangiography. Ann Surg. 1962; 156: 451-460.

12. Wang Q, Gurusamy K, Lin H. Preoperative biliary 
drainage for obstructive jaundice. Cochrane 
Database Syst Rev. 2008; CD005444.

13. Greve J, Gouma DJ, Buurman W. Complications 
in obstructive jaundice: role of endotoxins. 
Scand J Gastroenterol. 1992; 194: 8-12.

14. Clements WD, Erwin P, McCaigue MD, et al.. 
Conclusive evidence of endotoxaemia in biliary 
obstruction. Gut. 1998; 42: 293-299.

15. Kimmings A, van Deventer S, Obertop H, et al.. 
Inflammatory and immunologic effects of ob-
structive jaundice: pathogenesis and treatment. 
J Am Coll Surg. 1995; 181: 567-581.

16. Parks R, Clements W. Intestinal barrier dysfunc-
tion in clinical and experimental obstructive 
jaundice and its reversal by internal biliary 
drainage. Br J Surg. 1996; 83: 1345-1349.

17. Clements WD, McCaigue M, Erwin P, et al.. 
Biliary decompression promotes Kupffer cell 
recovery in obstructive jaundice. Gut. 1996; 38: 
925-931.

18. Tanaka N, Ryden S. Reticulo-endothelial func-
tion in rats with obstructive jaundice. Br J Surg. 
1985; 72: 946-949.

19. Minter RM, Fan M-H, Sun J, et al.. Altered 
Kupffer cell function in biliary obstruction. 
Surgery. 2005; 138: 236-245.

20. Kennedy JA, Clements WD, Kirk SJ, et al.. 
Characterization of the Kupffer cell response to 
exogenous endotoxin in a rodent model of ob-
structive jaundice. Br J Surg. 1999; 86: 628-633.

21. Nehez L, Andersson R. Compromise of immune 
function in obstructive jaundice. Eur J Surg. 
2002; 168: 315-328.

22. Ohtsuka M, Miyazaki M, Kondo Y, et al.. Neutro-
phil-mediated sinusoidal endothelial cell injury 
after extensive hepatectomy in cholestatic rats. 
Hepatology. 1997; 25: 636-641.

23. Bemelmans M, Gouma D, Greve J, et al.. Cyto-
kines, tumor necrosis factor and interleukin-16 
in experimental biliary obstruction in mice. 
Hepatology. 1992; 15: 1132-1136.

24. Abe T, Arai T, Ogawa A, et al.. Kupffer cell-de-
rived interleukin 10 is responsible for impaired 
bacterial clearance in bile duct-ligated mice. 
Hepatology. 2004; 40: 414-423.

25. Sewnath ME, van der Poll T, van Noorden CJF, 
et al.. Cholestatic interleukin-6-deficient mice 
succumb to endotoxin-induced liver injury and 



Part I Preoperative biliary drainage in patients undergoing pancreatoduodenectomy

30

pulmonary inflammation. Am J Respir Crit Care 
Med. 2004; 169: 413-420.

26. Bemelmans MH, Greve JW, Gouma DJ, et al.. 
Increased concentrations of tumour necrosis 
factor (TNF) and soluble TNF receptors in biliary 
obstruction in mice; soluble TNF receptors as 
prognostic factors for mortality. Gut. 1996; 38: 
447-453.

27. Gehring S, Dickson EM, San Martin ME, et al.. 
Kupffer cells abrogate cholestatic liver injury in 
mice. Gastroenterology. 2006; 130: 810-822.

28. Kimmings AN, van Deventer SJ, Obertop H, et 
al.. Endotoxin, cytokines, and endotoxin bind-
ing proteins in obstructive jaundice and after 
preoperative biliary drainage. Gut. 2000; 46: 
725-731.

29. Greve J, Gouma D, Soeters P, et al.. Suppression 
of cellular immunity in obstructive jaundice is 
caused by endotoxins: a study with germ-free 
rats. Gastroenterology. 1990; 98: 478-485.

30. Gouma D, Coelho J, Fisher J, et al.. Endotoxemia 
after relief of biliary obstruction by internal and 
external drainage in rats. Am J Surg. 1986; 151: 
476-479.

31. Roughneen PT, Gouma DJ, Kulkarni a D, et al.. 
Impaired specific cell-mediated immunity in 
experimental biliary obstruction and its revers-
ibility by internal biliary drainage. J Surg Res. 
1986; 41: 113-125.

32. Gouma D, Roughneen P, Kumar S, et al.. Changes 
in nutritional status associated with obstructive 
jaundice and biliary drainage in rats. Am J Clin 
Nutr. 1986; 44: 362-369.

33. Bemelmans M, Gouma D, Greve J, et al.. Effect 
of antitumour necrosis factor treatment on 
circulating tumour necrosis factor levels and 
mortality after surgery in jaundiced mice. Br J 
Surg. 1993; 80: 1055-1058.

34. Megison S, Dunn C, Horton J, et al.. Effects of 
relief of biliary obstruction on mononuclear 
phagocyte system function and cell mediated 
immunity. Br J Surg. 1991; 78: 568-571.

35. Gouma D, Coelho J, Schlegel J, et al.. The effect 
of preoperative internal and external biliary 
drainage on mortality of jaundiced rats. Arch 
Surg. 1987; 122: 731-734.

36. Mizuguchi K, Ajiki T, Onoyama H, et al.. Short-
term effects of external and internal biliary 

drainage on liver and cellular immunity in ex-
perimental obstructive jaundice. J Hepatobiliary 
Pancreat Surg. 2004; 11: 176-180.

37. Karsten T, Davids P, van Gulik TM, et al.. Effects 
of biliary endoprostheses on the extrahepatic 
bile ducts in relation to subsequent operation 
of the biliary tract. J Am Coll Surg. 1994; 178: 
343-352.

38. Koyama K, Takagi Y, Ito K, et al.. Experimental 
and clinical studies on the effect of biliary drain-
age in obstructive jaundice. Am J Surg. 1981; 
142: 293-299.

39. Kawarada Y, Higashiguchi T, Yokoi H, et al.. 
Preoperative biliary drainage in obstructive 
jaundice. Hepatogastroenterology. 1995; 42: 
300-307.

40. Hodul P, Creech S, Pickleman J, et al.. The effect 
of preoperative biliary stenting on postoperative 
complications after pancreaticoduodenectomy. 
Am J Surg. 2003; 186: 420-425.

41. Tomazic A, Pleskovic A. Surgical outcome after 
pancreatoduodenectomy: effect of preopera-
tive biliary drainage. Hepatogastroenterology. 
2006; 53: 944-946.

42. Tsai Y, Shyu J, Chen T, et al.. Effect of preopera-
tive biliary drainage on surgical outcome after 
pancreaticoduodenectomy. Hepatogastroenter-
ology. 2006; 53: 823-827.

43. Bhati CS, Kubal C, Sihag PK, et al.. Effect of 
preoperative biliary drainage on outcome of 
classical pancreaticoduodenectomy. World J 
Gastroenterol. 2007; 13: 1240-1242.

44. Lermite E, Pessaux P, Teyssedou C, et al.. Effect 
of preoperative endoscopic biliary drainage on 
infectious morbidity after pancreatoduodenec-
tomy: a case-control study. Am J Surg. 2008; 
195: 442-446.

45. Li Z, Zhang Z, Hu W, et al.. Pancreaticoduodenec-
tomy with preoperative obstructive jaundice: 
drainage or not. Pancreas. 2009; 38: 379-386.

46. Mezhir JJ, Brennan MF, Baser RE, et al.. A 
matched case-control study of preoperative 
biliary drainage in patients with pancreatic ad-
enocarcinoma: routine drainage is not justified. 
J Gastrointest Surg. 2009; 13: 2163-2169.

47. Choi YM, Cho E-H, Lee K-Y, et al.. Effect of 
preoperative biliary drainage on surgical results 
after pancreaticoduodenectomy in patients 



31

The quandary of pre-resection biliary drainage for pancreatic cancer Chapter I

with distal common bile duct cancer: focused on 
the rate of decrease in serum bilirubin. World J 
Gastroenterol. 2008; 14: 1102-1107.

48. Coates JM, Beal SH, Russo JE, et al.. Negligible 
effect of selective preoperative biliary drainage 
on perioperative resuscitation, morbidity, and 
mortality in patients undergoing pancreatico-
duodenectomy. Arch Surg. 2009; 144: 841-847.

49. Sewnath ME, Karsten TM, Prins MH, et al.. A 
meta-analysis on the efficacy of preoperative 
biliary drainage for tumors causing obstructive 
jaundice. Ann Surg. 2002; 236: 17-27.

50. Saleh MM, Norregaard P, Jorgensen HL, et 
al.. Preoperative endoscopic stent placement 
before pancreaticoduodenectomy: a meta-
analysis of the effect on morbidity and mortal-
ity. Gastrointest Endosc. 2002; 56: 529-534.

51. Garcea G, Chee W, Ong SL, et al.. Preoperative 
biliary drainage for distal obstruction: the case 
against revisited. Pancreas. 2010; 39: 119-126.

52. Qiu Y-D, Bai J-L, Xu F-G, et al.. Effect of preopera-
tive biliary drainage on malignant obstructive 
jaundice: a meta-analysis. World J Gastroen-
terol. 2011; 17: 391-396.

53. Lai E, Mok F, Fan S. Preoperative endoscopic 
drainage for malignant obstructive jaundice. Br 
J Surg. 1994; 81: 1195-1198.

54. van der Gaag NA, Rauws EAJ, van Eijck CHJ, et 
al.. Preoperative biliary drainage for cancer of 
the head of the pancreas. N Engl J Med. 2010; 
362: 129-137.

55. van der Gaag NA, de Castro SMM, Rauws EAJ, 
et al.. Preoperative biliary drainage for periam-
pullary tumors causing obstructive jaundice; 
DRainage vs. (direct) OPeration (DROP-trial). 
BMC Surg. 2007; 7: 3.

56. Neoptolemos JP, Halloran CM. Surgical oncol-
ogy: PBD-better stents in specialized centers are 
needed. Nat Rev Clin Oncol. 2010; 7: 244-246.

57. van der Gaag NA, Gouma DJ. PBD treatment of 
cancer of the head of the pancreas. Nat Rev Clin 
Oncol. 2010; 7: 1-2.

58. van der Gaag NA, Gouma DJ, Bruno MJ. Preop-
erative drainage in pancreatic cancer. N Engl J 
Med. 2010; 362: 1344-1345; author reply 1345.

59. Moss AC, Morris E, Mac MP. Palliative biliary 
stents for obstructing pancreatic carcinoma 
(Review). Cochrane Database Syst Rev. 2006; 2: 
CD004200.

60. isters PW, Lee JE, Vauthey JN, et al.. Comment 
and perspective on Sewnath and colleagues’ 
recent meta-analysis of the efficacy of pre-
operative biliary drainage for tumors causing 
obstructive jaundice. Ann Surg. 2003; 237: 
594-595.

61. Eshuis WJ, van der Gaag NA, Rauws EAJ, et al.. 
Therapeutic delay and survival after surgery for 
cancer of the pancreatic head with or without 
preoperative biliary drainage. Ann Surg. 2010; 
252: 840-849.

62. Smith RA, Dajani K, Dodd S, et al.. Preoperative 
resolution of jaundice following biliary stenting 
predicts more favourable early survival in re-
sected pancreatic ductal adenocarcinoma. Ann 
Surg Oncol. 2008; 15: 3138-3146.

63. Hornick J, Johnston F, Simon P. A single-insti-
tution review of 157 patients presenting with 
benign and malignant tumors of the ampulla 
of Vater: management and outcomes. Surgery. 
2011; 150: 169-176.

64. Wagner M, Redaelli C, Lietz M, et al.. Curative 
resection is the single most important factor de-
termining outcome in patients with pancreatic 
adenocarcinoma. Br J Surg. 2004; 91: 586-594.

65. Scarpa M. Quality of life after surgery of the 
alimentary tract. World J Gastroenterol. 2010; 
16: 5020.

66. van der Gaag NA, de Castro SMM, Sprangers 
Ma G, et al.. Health-related quality of life and 
self reported treatment preference of patients 
scheduled for pancreatoduodenectomy with 
or without preoperative biliary drainage. HPB. 
2011; 13 (suppl 2): 44-45.





II
Metal or plastic stents for preoperative biliary 

drainage in resectable pancreatic cancer

J.A.M.G. Tol
J.E. van Hooft
R. Timmer
F.J.G.M. Kubben
E. van der Harst
I.H.J.T. de Hingh
F.P. Vleggaar
I.Q. Molenaar
Y.C.A. Keulemans
D. Boerma
M.J. Bruno
N.A. van der Gaag
M.G.H. Besselink
P. Fockens
T.M. van Gulik
E.A.J. Rauws
O.R.C. Busch
D.J. Gouma

Submitted



Part I Preoperative biliary drainage in patients undergoing pancreatoduodenectomy

34

ABSTRACT

Introduction
In pancreatic cancer, preoperative biliary drainage (PBD) with plastic stents increases complica-
tions compared to immediate surgery without PBD, as was demonstrated by a recent randomised 
controlled multicenter trial (RCT). The outcome of this RTC might be related to the type of stent 
used: a plastic endoprothesis. PBD is still frequently applied in case of extreme hyperbilirubine-
mia, logistical hurdles, need for additional preoperative diagnostics, and neoadjuvant therapy. 
Metal stents may reduce the risk of PBD-related complications.

Methods
A prospective multicenter cohort of patients with obstructive jaundice due to pancreatic cancer 
scheduled to undergo PBD before surgery was added to the study cohort of the earlier RCT (IS-
RCTN31939699). Treatment was performed according to the protocol of the original RCT with the 
exception that PBD was performed with a fully covered metal stent (fcSEMS). This newly added 
cohort of patients was compared to the plastic stent group of the original RCT for the primary out-
come, i.e. PBD-related complications. A three-group comparison including early surgery patients 
was performed to compare overall complications.

Results
53 patients underwent PBD with a fcSEMS and were compared to patients treated with a plastic 
stent (n=102). Patients’ characteristics did not differ. PBD related complications rates were 24% 
in the fcSEMS group compared to 46% in the plastic stent group (relative risk (RR) of plastic stent 
use was 1.9, lower limit 90% confidence interval (CI) 1.2, P=0.006). Stent related complications 
(occlusion and exchange) were 6% in the fcSEMS group compared to 31% in the plastic stent 
group (RR of plastic stent use 5, lower limit 90% CI 1.9, P=0.001). Surgical complications were 
not significantly different between the fcSEMS and plastic stent group, 40% vs. 47%. In the 
three-group comparison overall complication rates for the fcSEMS, plastic stent and early surgery 
groups were resp. 51% vs. 74% vs. 39%.

Conclusion
For PBD in pancreatic cancer metal stents yield a better outcome compared to plastic stents. 
Although early surgery without PBD remains the treatment of choice, metal stents should be 
preferred over plastic stents whenever PBD is indicated.
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InTRoDuCTIon

For decades there has been debate amongst gastroenterologists and surgeons as to whether 
jaundiced patients with a resectable periampullary or pancreatic tumor should undergo preop-
erative biliary drainage (PBD) to reduce postoperative morbidity and mortality associated with 
hyperbilirubinemia 1–5. With regard to the ongoing controversy between the benefits and adverse 
effects of PBD, a multicenter randomized controlled trial (RCT) (ISRCTN31939699) was conducted 
comparing a strategy of endoscopic PBD followed by surgery, with a strategy early surgery, which 
was published in 2010 6. Significantly more serious complications occurred in patients who under-
went PBD (74%) compared to those who went for early surgery (39%). This difference in overall 
complication rate was largely due to a high rate of complications owing to PBD. In this regard, 
criticism towards the RCT concentrated on the technique of PBD; according to clinical practice at 
the time the RCT was performed plastic stents were used, while currently self-expandable metal 
stents (SEMS) are considered superior 7–10. Most studies reporting on the use of SEMS to relieve 
jaundice however, deal with non-surgical patients receiving palliative treatment 11. Studies on 
SEMS usage in surgical patients are limited, small and retrospective 12–18.
Notwithstanding the result of the RCT, extreme hyperbilirubinemia, logistical hurdles, necessity 
of additional diagnostics and increased use of neo-adjuvant treatment are valid indications to 
perform PBD. The answer to the question whether PBD should then be performed with plastic or 
metal stents lacks a high-level of evidence. However, to initiate randomized series comparing PBD 
with SEMS followed by surgery to surgery without PBD would cause ethical issues. In the original 
RCT the complication rate after PBD and surgery exceeded the rates reported after surgery only, 
therefore early surgery is now the standard preference, confirmed by a recent Cochrane review 
and meta-analysis 3,19. Initiating a new RCT, thereby withholding patients from the preferred treat-
ment by assigning them to PBD with SEMS, would not have been ethical. First, the applicability of 
SEMS in the preoperative setting needs to be evaluated and validated.
We performed a prospective cohort study with patients undergoing selective PBD with SEMS and 
added this cohort to the previous RCT with identical inclusion criteria. The aim of the current 
study was to establish the superiority of SEMS during PBD as compared to the plastic stents, 
with respect to PBD related complications. In addition, overall outcomes after SEMS placement 
were then compared with perioperative outcomes after plastic stent placement and early surgery 
derived from the preoperative drainage vs. early surgery RCT.

MeThoDS

Study design
Patients with obstructive jaundice due to a resectable periampullary or pancreatic tumor sched-
uled to undergo PBD before curative resection were included. Early surgery was the standard 
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preference. Jaundiced patients were included and PBD was carried out only when early surgery 
was not appropriate or feasible: in case scheduling early surgery was not possible due to logistical 
hurdles (waiting list, referral pattern, diagnostics). These patients were treated with a fcSEMS to 
alleviate the biliary obstruction. In the previous RCT jaundiced patients with resectable pancreatic 
or periampullary tumors were randomized and assigned to either preoperative drainage followed 
by surgery or early surgery. In the present study, the fcSEMS cohort was added to the preoperative 
drainage vs. early surgery groups of the RCT. Inclusion criteria were identical to the criteria used in 
the RCT in order to create a similar cohort 6,20: serum bilirubin level of 40-250 µmol/l before inclu-
sion or on the day of inclusion, computed tomography without evidence of distant metastases or 
extensive local tumor ingrowth into portal or mesenteric vessels (i.e. maximum 180 degrees of the 
circumference) and scheduled for surgical treatment in one of the participating centers. Patients 
over the age of 85 years, with a Karnofsky index <50%, who had undergone previous endoscopic 
or percutaneous PBD with stent placement, who were to receive neo-adjuvant chemotherapy or 
who suffered from severe gastric outlet obstruction were excluded 20.
Comparison was made between the current fcSEMS group and the historical RCT plastic stent 
group. This comparison was justified based on the similar inclusion criteria used. Through 
comparative inclusion criteria’s, baseline patient and operative characteristics were kept similar. 
Primary outcome measure was the PBD related complication rate.

Study oversight
This was a prospective multicenter cohort study conducted by the three regional and three aca-
demic hospitals that were also involved in the previous preoperative drainage vs. early surgery 
trial. A local study coordinator responsible for recruiting patients according to the inclusion 
criteria was appointed in every hospital. The local medical ethics committees of all participat-
ing hospitals approved the study design. This study was conducted according to the Declaration 
of Helsinki. The trial was registered at the Dutch Trial Register and was assigned the following 
number: NTR3142.

endoscopic preoperative biliary drainage and surgery
In both academic and regional hospitals experienced gastroenterologists performed the endo-
scopic PBD by placing a fully covered biliary stent (WallFlex stent, Boston Scientific). Performing a 
papillotomy and the length of the fcSEMS was decided upon by the treating physician and tailored 
to the length of the stricture. The fcSEMS had already been frequently used in patients for pal-
liative biliary drainage. Unsuccessful ERCP was followed by a second attempt or a percutaneous 
transhepatic cholangiography with biliary drainage. In line with the previous RCT, successful 
drainage was defined as a decrease of 50% of the serum bilirubin within two weeks following PBD.
Surgery was performed in hospitals performing more than 20 resections per year according to 
the new regulations for pancreatic surgery in the Netherlands, being the same hospitals as in 
the preoperative drainage vs. early surgery RCT. Pylorus preserving pancreatoduodenectomy 
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or Whipple-Kausch pancreatoduodenectomy was performed in case no metastases or arterial 
involvement was evident. In case of (limited) portal venous involvement resection of the vein 
was performed 21,22. After resection a pancreaticojejunostomy (PJ), hepaticojejunostomy (HJ) and 
gastro- or duodenoenterostomy (GE) were performed. A silicon drain was placed near the PJ and 
HJ. If metastases or local unresectability were encountered during surgery, biopsies were taken 
and a palliative bypass procedure was performed. Definitive diagnosis was based on pathology 
examination of biopsies performed during surgery, the resection specimen or biopsies performed 
preoperatively.

evaluation of outcome
Definition of complications and outcome parameters were equal to those in the preoperative 
drainage vs. early surgery RCT 20. The primary outcome parameter was the rate of (drainage re-
lated) complications after endoscopic PBD using fcSEMS during the interval period up to surgery. 
Secondary endpoints were overall complications up to 120 days after inclusion. These included 
PBD related complications and surgical complications being anastomotic leakage, intra-abdominal 
abscesses, delayed gastric emptying, wound infection, portal vein thrombosis, re-admission due 
to surgical complications, mortality and any complications requiring re-intervention. Complica-
tions other than the abovementioned were defined as complications outside protocol.

Sample size and statistical analysis
The expected PBD related complication rate when using SEMS was based on a meta-analysis of 
palliative drainage comparing covered and uncovered SEMS in non-surgical patients 23. Average 
complication rate of preoperative drainage by using SEMS was 26% and 46% by using a plastic 
stent, as derived from the RCT. SEMS were considered superior if the difference in complication 
rate was at least 20 percentage points. We used an exact test for single proportion with a one-
sided significance level of 0.05 to test the null hypothesis that SEMS would lead to reduction of 
at least 20 percentage points. A 85% power to detect superiority of metal stents was achieved 
with 49 patients.
– Metal stent vs. plastic stent: A per-protocol comparison of the primary outcome PBD related 

complications between the fcSEMS cohort and the plastic stent cohort was performed using a 
one-sided chi-squared test P-values, 90% confidence interval and relative risks (RR) were given.

– Metal stent vs. plastic stent vs. early surgery: Comparison of secondary outcomes (overall 
complications) between fcSEMS group, plastic stent group and early surgery group was also 
performed using one-sided chi-squared test, with the connotation that the sample size was 
not powered to detect significant differences in this three-group comparison.

Kaplan-Meier estimates were used to depict the longitudinal incidence rate of complications 
during follow-up of both the fcSEMS and the plastic stent cohort. Categorical data were analyzed 
using chi-squared test, student T-test and Mann-Whitney U were used for analyzing continuous 
data. A logistic regression analysis was performed, adjusted for age, gender, body mass index, 
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bilirubin level and pathology, to denote the risk of PBD related complications in the fcSEMS group 
compared to the plastic stent group. A P-value of <0.05 was considered significant.

ReSulTS

Between 2011 and 2013, 53 patients were screened for eligibility. Prior to any analysis, four 
patients were wrongfully included; they did not match the eligibility criteria. One patient was con-
sidered not resectable, one patient had severe comorbidity precluding operation and 2 patients 
were enrolled in a neo-adjuvant therapy protocol (NTR3709). The remaining 49 patients were 
included for analysis. Patients who underwent PBD with fcSEMS were compared to patients as-
signed to PBD with plastic stents (n=102) in the preoperative drainage vs. early surgery RCT. In this 
trial 202 patients underwent randomization, 102 patients were assigned to preoperative drainage 
followed by surgery and 94 patients underwent early surgery, 6 patients were excluded. Patients’ 
characteristics of both groups are depicted in Table 1. No differences were seen between the 
groups, although preoperative bilirubin was 176 μmol/L in patients with a fcSEMS vs. 154 μmol/L 
in patients who received a plastic stent (p=0.04). Papillotomy was performed in 53% of patients in 
the fcSEMS group and in 42% of patients in the plastic stent group.
PBD with fcSEMS was performed successfully after the first attempt in 43 patients (88%), in 
three patients cannulation of the biliary duct was not achieved, a second ERCP was performed 

Table 1 Patients’ characteristics and diagnosis reported in the SEMS cohort and the plastic stent cohort in the 
preoperative drainage vs. early surgery RCT

Characteristics SEMS cohort*
N=49

Plastic stent cohort#

N=102

Age, years (±SD) 67.5±8.1 64.7±10.5

Female, n (%) 29 (59) 49 (48)

BMI, (±SD) 25±3.5 25.2±3.9

Duration of symptoms, weeks (IQR) 4 (3-6) 3 (2-6)

Weight loss, kg (IQR) 5 (3-8) 5 (3-10)

Total bilirubin level, ìmol/liter (±SD) 176±62.1 154±59.5

Diagnosis and cause of obstruction

Adenocarcinoma 47 (96) 92 (90) 

Intraductal papillary mucinous neoplasm 1 (2) - 

Neuroendocrine tumor - 1 (1) 

Benign lesions - 9 (9) 

*One patient refrained from surgery without definite pathology diagnosis.
#Derived from the the preoperative drainage vs. early surgery RCT trail: preoperative drainage vs. early sur-
gery RCT 6 Normally distributed data are presented in means with standard deviation (SD), otherwise median 
and interquartile values are shown
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successfully using a fcSEMS (n=2), one pati ent received percutaneous transhepati c drainage. In 
the remaining three pati ents inadequate drainage despite the fcSEMS in situ was resolved by 
placement of an extra plasti c stent (n=2) or an additi onal papillotomy (n=1). Time to surgery 
was 5.3 weeks and did not diff er compared to pati ents in the plasti c stent group, 5.2 weeks. 
Aft er PBD, surgical explorati on was performed in all but one pati ent who declined surgery. Eight 
pati ents who underwent PBD with metal stenti ng underwent palliati ve bypass (17%), the remain-
ing 40 pati ents underwent resecti on. Resecti on was performed with the metal stent in situ. No 
perioperati ve problems were encountered due to the metal stent placement. Resecti on rate was 
higher compared to pati ents in the plasti c stent group 83% vs. 56% (p=0.003).

Metal stent vs. plasti c stent
PBD related complicati ons occurred in 12 pati ents in the fcSEMS group (24%) compared to 47 
pati ents in the plasti c stent group (46%), with a RR of 1.9 (lower limit 90% CI 1.2, P=0.006). Aft er 
adjustment for age, gender, body mass index, bilirubin level and pathology the odds of PBD 
related complicati ons in the plasti c stent group compared to the fcSEMS group was 3.5 (95% 
CI 1.5-8.3, P=0.004). The proporti on of pati ents with PBD related complicati ons is illustrated in 
Figure 1. Stent related complicati ons were reported in 3 pati ents (stent occlusion and subsequent 
papillotomy (n=1), stent occlusion and subsequent exchange (n=1), stent dysfuncti on and ex-
change (n=1)) in the fcSEMS group (6%), compared to 31 pati ents in the plasti c stent group (30%) 
(RR 5, lower limit 90% CI 1.9, P=0.001). PBD complicati ons and complicati ons related to surgery 
are depicted in Table 2. Post-ERCP pancreati ti s occurred in nine pati ents aft er fcSEMS placement 

figure 1: PBD complicati ons from date of inclusion up to surgery in jaundiced pati ents with resectable peri-
ampullary or pancreati c cancer undergoing biliary drainage prior to surgery
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(18%), eight cases of mild and one severe pancreatitis. No differences were found between surgi-
cal complications in the metal and plastic stent group, i.e. 40% vs. 47%. In the fcSEMS group time 
to surgery in patients with PBD related complications was four days longer compared to patients 
without complications, in the plastic stent group there was a three day difference (median).
The secondary outcomes after PBD and surgery are shown in Table 3. Overall complications 
including PBD and surgical complications were lower in the fcSEMS group compared to the plastic 
stent group (p=0.003). Non-protocol complications, pre- and postoperative readmissions, and 

Table 2 Pre- and postoperative complications reported in the SEMS cohort and the plastic stent cohort in the 
preoperative drainage vs. early surgery RCT

Complications SEMS cohort
N=49, N (%)

Plastic stent cohort#

N=102, N (%)
p-value*

Related to preoperative biliary drainage

Any 12 (25) 47 (46) 0.006

Pancreatitis 9 (18) 7 (7) 0.016

Cholangitis ¯ 27 (26) <0.001

Perforation 1 (2) 2 (2) 0.487

Hemorrhage after ERCP ¯ 2 (2) 0.162

Related to stent

Occlusion 2 (4) 15 (15) 0.027

Need for exchange 2 (4) 31 (30) <0.001

Related to surgery

Any 19 (39) 48 (47) 0.169

Pancreaticojejunostomy leakage 1 (2) 8 (8) 0.08

B 0 4 (4)

C 1 (2) 4 (4)

Hemorrhage after resection 2 (4) 2 (2) 0.217

Delayed gastric emptying 6 (12) 18 (18) 0.211

B 1 (2) 10 (10)

C 3 (6) 8 (8)

Hepaticojejunostomy leakage 1 (2) 1 (1) 0.292

Entero-jejunostomy leakage 2 (4) 4 (4) 0.476

Intra-abdominal abscess 2 (4) 2 (2) 0.217

Wound infection 7 (14) 13 (13) 0.379

Pneumonia 2 (4) 9 (9) 0.147

Cholangitis 0 3 (3) 0.113

Myocardial infarct 0 4 (4) 0.08

Bowel ischemia 1 (2) 0 0.07

Need for relaparotomy 3 (6) 12 (12) 0.139
#Derived from the preoperative drainage vs. early surgery RCT 6 *p-value one-sided chi-square test
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mortality did not differ significantly. However, mortality due to any cause within 120 days after 
inclusion was 6% in the fcSEMS group and 15% in the plastic stent group (p=0.06). Hospital stay, 
including readmissions, was shorter in the fcSEMS group, 12 vs. 16 days.

Metal stent vs. plastic stent vs. early surgery
To demonstrate the possible outcome when comparing the fcSEMS cohort with the early surgery 
cohort in the preoperative drainage vs. early surgery RCT, the early surgery group was added in 
Table 3. Overall complication rate was highest in patients who had undergone PBD with plastic 
stent (74%), compared to 51% and 39% in the fcSEMS group and early surgery group. The propor-
tion of patients with overall complications, related to PBD and surgery, in the fcSEMS, plastic stent 
and early surgery groups is illustrated in Figure 2.

DISCuSSIon

This study compares the outcome after PBD with metal stents (fcSEMS) vs. plastic stent in jaun-
diced patients with a resectable pancreatic or periampullary tumor. fcSEMS are superior, PBD 
complications were reported in 25% as compared to 46% of patients who received a plastic stent. 
Stent related complications were observed in 6% vs. 30%, respectively. The risks of both PBD and 
stent related complications were lower in patients who received a fcSEMS. Overall complication 
rates were lower in the fcSEMS group compared to the plastic stent group owing to the low rate 

Table 3 Secondary outcomes reported in the SEMS cohort and the plastic stent and early surgery cohort in 
the preoperative drainage vs. early surgery RCT

SEMS cohort

Metal stent
N=49
N (%)

Drainage vs. early 
surgery RCT
Plastic stent
N=102
N (%)

Drainage vs. early 
surgery RCT
Early surgery
N = 94
N (%)

Overall protocol-specified complications 25 (51) 75 (74) 37 (39)

Preoperative biliary drainage 12 (24) 47 (46) 2 (2)

Surgery 19 (39) 48 (47) 35 (37)

Other complication (outside protocol) 9 (18) 25 (25) 30 (32)

Mortality 120 days

Due to protocol-specified complications 1 (2) 9 (9) 4 (4) 

Due to any cause 3 (6) 15 (15) 12 (13) 

Readmission# 14 (29) 34 (33) 11 (12)

Due to PBD complications only 10 (20) 26 (25) 

Hospital stay, median (IQR) 12 (8-18) 16 (11-22) 14 (10-21)
#due to pre- and postoperative protocol-specified complications
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of PBD related complicati ons. No diff erences in surgical complicati ons were seen between the 
metal and plasti c stent groups. PBD with fcSEMS was performed successfully in 43 pati ents (88%) 
at the fi rst att empt and all pati ents were adequately drained aft er the fi rst or a second att empt. 
No perioperati ve problems were encountered due to placement of the fcSEMS.
Post-stent placement pancreati ti s occurred more frequently in the fcSEMS group, although eight 
out of nine pati ents suff ered from mild pancreati ti s. This has been described before; expansion 
of the metal stent may cause post-ERCP pancreati ti s due to compression of the pancreati c duct 
orifi ce 24. A papillotomy relieves the initi al compression of the duct orifi ce when performed during 
ERCP. No diff erences were observed in papillotomy rates between the fcSEMS group and the 
plasti c stent group. Despite a higher rate of post ERCP pancreati ti s, diff erences in ti me to surgery 
between pati ents with and without PBD related complicati ons was similar in the fcSEMS and 
plasti c stent group.
The superiority of biliary drainage with fcSEMS is evident in this study. This was already estab-
lished in pati ents with unresectable periampullary cancer. Two randomized trials comparing 
metal vs. plasti c stents for palliati on in pati ents with malignant biliary obstructi ons showed a 
longer patency, lower number of reinterventi ons and decreased overall treatment costs when 
using a metal stent 25,26. In a systemati c review by Moss et al. on the use of metal vs. plasti c stents 
in the palliati ve setti  ng it was concluded that SEMS are the devices of preferred choice 11. Sev-
eral studies are also available on PBD with SEMS in resectable pati ents and have reported good 
results 12–18. However, studies were oft en small and retrospecti ve reporti ng on a non-consecuti ve 
cohort of pati ents without comparison with a plasti c stent. Furthermore, the type of SEMS used 

figure 2: Overall complicati ons (PBD and surgery related) reported in the SEMS cohort and the plasti c stent 
and early surgery cohort in the preoperati ve drainage vs. early surgery RCT
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can influence the interpretation of the available study results. A systematic review published in 
2011 containing 11 studies comparing covered versus uncovered SEMS in jaundiced patients with 
unresectable disease reported a longer duration of patency of covered stents, which was defined 
as time to stent occlusion, and similar stent dysfunction rates 23. Two other meta-analyses did 
not find a benefit of covered over uncovered SEMS, although analyzing fewer studies compared 
to the abovementioned review, the same studies were included in both analyses 27,28. A clear 
preference can not be given.
A drawback of SEMS may be the relative high costs. However, due to additional re-admissions and 
stent exchanges due to occlusion of the much cheaper plastic stent, overall costs are similar when 
using plastic or SEMS, or even cost-saving in the latter 12,29–32. A recent RCT comparing plastic and 
metal stents in a palliative setting clearly showed that overall costs did not differ even in patients 
with a short drainage period 33. Therefore, considering the outcome of the existing literature and 
the present study, PBD should only be performed using a SEMS.
Despite its prospective and multicenter design, and the fact that it is based on a randomized trial 
cohort, the present study has limitations since the fcSEMS cohort was not part of the original 
RCT and newly included. This for one seems to be reflected in the resection and bypass rates, as 
more patients underwent resection in the fcSEMS cohort at which time a more aggressive surgical 
approach was used. This might also explain the higher 120-day mortality rate in the plastic stent 
group, together with the recent centralization of pancreatic surgery in the Netherlands, which 
is known to lead to lower mortality rates. Furthermore, these resection rates show no adverse 
effects of the use of fcSEMS.
This study design was chosen given the high PBD complication rates in the preoperative drainage 
vs. early surgery RCT and the results reported in the recent literature on metal stenting in a pallia-
tive setting. From an ethical point of view, performing a new RCT comparing fcSEMS followed by 
surgery with early surgery, and thereby withholding one group of patients from the current pre-
ferred treatment: early surgery, was not justified. Furthermore, one should realize when compar-
ing the PBD first approach compared to early surgery, that the drainage related complication rate 
would always exceed in patients who undergo PBD and will not occur in patients who undergo 
early surgery without drainage. Although, no significant differences in complication rates were 
found between the fcSEMS group and early surgery group in this study, the sample size was not 
calculated based on overall complications since we were aiming to first evaluate and validate the 
use of metal stents during PBD. Potential benefits of PBD compared to early surgery could there-
fore not be proven. Additional clinical trials are needed to determine whether a shorter period 
of drainage might result in similar success rates but lower complication rates and which patients 
will benefit from the drainage-first approach; being those who suffer from severe jaundice, chol-
angitis, patients who need nutritious support or when early surgery is not feasilble 12,35–37. Other 
ongoing studies in Sweden NCT00501176 and the United States NCT01191814, NCT01038713 
are randomizing between plastic and metal stents. Although the current treatment of choice for 
most jaundiced patients with resectable pancreatic head cancer is early surgery without PBD, it 
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is not likely that all centers will be able to fully implement this regimen 7,34. Therefore, PBD is still 
advised in a selection of resectable patients 3,6,19. Our results strongly support the use of fcSEMS 
instead of plastic stents in patients in whom PBD is indicated.
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ABSTRACT

Introduction
Mortality due to late haemorrhage after surgery for periampullary tumors is high, especially 
in patients with anastomotic leakage. Patients usually require emergency intervention for late 
haemorrhage. In this study patients with late haemorrhage and their outcomes were analyzed. 
Furthermore independent predictors for late haemorrhage, the need for emergency intervention 
and type of intervention were reported.

Methods
From a prospective database including 1035 patients who underwent pancreatoduodenectomy 
for periampullary tumors between 1992-2012, patients with late haemorrhage (> 24 hours after 
index operation) were identified. Patients’, disease specific and operation characteristics, type 
of intervention and outcomes were analyzed. Emergency intervention was defined as surgical or 
radiological intervention in hemodynamically unstable patients.

Results
Of 47 patients (4.5%) with late haemorrhage, pancreatic fistula was an independent predictor for 
developing late haemorrhage (OR 10.2). Mortality in patients with late haemorrhage was 13% 
versus 1.5% in all patients without late haemorrhage. 20 patients required emergency interven-
tion, 80% underwent primary radiological intervention and 20% primary surgical intervention. 
Extraluminal location of the bleeding (OR 5.6) and occurrence of a sentinel bleed (OR 6.6) predicts 
the indication for emergency intervention.

Conclusion
Type of emergency intervention for late haemorrhage is unpredictable. Radiological intervention 
is preferred, but if it fails immediate change to surgical treatment is mandatory. This can be diffi-
cult to manage but possible when both radiological and surgical interventions are in close relation 
such as in a hybrid operation room and should be considered in the emergency management of 
patients with late haemorrhage.
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InTRoDuCTIon

While mortality after pancreatoduodenectomy (PD) has decreased dramatically over the past 
decades in high volume centers, morbidity is still high with 40-60% 1–4. Late haemorrhage after 
pancreatic surgery remains one of the most important causes of postoperative mortality due to 
the unstable condition of the patient 5–7.
The combination of late haemorrhage and abdominal sepsis caused by a pancreatic fistula (PF) 
is an extreme threatening condition 8,9. Anastomotic leakage is a well known risk factor for late 
haemorrhage, resulting in erosion of the arterial vessel, dehiscence of the anastomosis and 
bleeding from the suture line or formation of a pseudo-aneurysm 5,7,10–12. Risk factors for leakage 
are a non dilated pancreatic duct and soft pancreas as often found in patients with papillary 
tumors, duodenal carcinoma, neuro-endocrine tumors (NET) and branch duct intraductal papil-
lary mucinous neoplasm (IPMN). Most are (pre)malignant diagnoses for which an operation is 
increasingly used as first curative treatment of choice 13–17.
A patient suffering from late haemorrhage and PF, frequently preceded by a sentinel bleed, is 
an indication for emergency intervention to stabilize the patient’s life threatening condition by 
controlling the bleeding and achieving subsequent adequate drainage of the underlying PF 18,19. 
No other predictors are known for which patients are likely to require an emergency interven-
tion 20. While late haemorrhage is currently preferably treated by the interventional radiologist 
some patients still require urgent surgery if radiological management fails 5,6,9,21,22.
In previous studies we reported about the incidence and high mortality rate in patients with late 
haemorrhage 7,23. The severity and high mortality rates of this complication demands optimal 
management. In this study we focus on predicting factors for patients at risk of late haemor-
rhage and moreover which emergency intervention will provide the most optimal management. 
Furthermore, failure and success rates of the chosen intervention were analyzed to investigate 
whether certain patients can be preselected for radiological or surgical emergency intervention.

MeThoDS

Patient selection
In the period 1992-2012, all patients undergoing pancreatoduodenectomy (PD) for a periam-
pullary tumor (tumor confined to the head of the pancreas, ampulla, distal common bile duct 
or duodenum) were registered in a prospectively maintained database. Patients underwent a 
pylorus preserving PD or classical Whipple-Kausch PD.
Only patients with late haemorrhage were selected for this study. Late haemorrhage was defined 
as the occurrence of a bleeding more than 24 hours after index operation. Severity and location 
of the bleeding were defined according to the international study group of pancreatic surgery 
(ISGPS) criteria 24 (Figure 1). From this selection, patients who were in need of an emergency 
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intervention due to late haemorrhage after PD were identified. Emergency intervention was 
defined as a surgical or radiological intervention for the management of severe haemorrhage as 
depicted in figure 1. Intervention was performed within 6 hours after onset of the bleeding, due 
to the life-threatening condition of the patients.
For this retrospective analysis of pre-existing data no approval of the Medical Ethical Committee 
was required.

outcome parameters
Patient and operation characteristics, diagnosis at pathology, postoperative complications (based 
on the ISGPS criteria 24–26), time interval between the onset of PF and late haemorrhage in days, 
mortality and hospital stay were extracted from the database for all resected patients.
AJCC stage was categorised in two groups: IA – IIA versus IIB - IV, based on the extent of the 
disease meaning positive lymph nodes and T4 stage. Pancreatic fistula was defined as leakage 
from the pancreaticoenterostomy according to the ISGPF definition. Only clinical relevant pan-
creatic fistula, grade B/C, are included in the analysis 26. Clinically relevant pancreatic or hepatic 
anastomotic leakages were treated according to the ISGPS criteria with radiological, endoscopic 
or surgical intervention depending on the severity and grade.
Sentinel bleed was defined as a very limited bleeding from the abdominal drain or nasogastric 
tube or by the presence of meleana or haematemesis. Sentinel bleed requires no emergency 
intervention and occurs > 24 hours after index operation and before onset of late haemorrhage.
Within patients with late haemorrhage, potential predictors for the indication of an emergency 
intervention and type of intervention were identified; patient, disease specific, operation char-
acteristics and haemorrhage parameters depicted in figure 1 7. Additional contributing factors 

	   	  
Location	   	  	   	   	  
Intraluminal	   Bleeding	  from	  pancreatic	  surface,	  anastomosis	  suture	  lines,	  

ulcer	  or	  pseudo-‐aneurysm	  into	  the	  digestive	  tract	  	  
	  
Extraluminal	   Bleeding	  from	  vessels,	  resection	  area,	  anastomosis	  suture	  

lines	  or	  pseudo-‐aneurysm	  into	  the	  abdominal	  cavity	  
	  
Severity	  
Mild	  (grade	  B)	   Blood	  loss	  of	  <	  3	  g/dl	  (<	  1.9	  mmol/L)	  	  

Mild	  clinical	  impact	  (no	  hemodynamic	  instability)	  
	   Treatment:	  blood	  transfusion	  (2-‐3	  units),	  no	  reintervention	  

necessary	  	  
	  
Severe	  (grade	  C)	   	   	   Blood	  loss	  of	  ≥	  3	  g/dl	  (≥	  1.9	  mmol/L)	  

Severe	  clinical	  impact	  (hemodynamic	  instability,	  e.g.	  
hypotension	  arterial	  pressure	  <	  70	  mm	  Hg,	  tachycardia,	  
oliguria,	  hypovolemic	  shock)	  
Treatment:	  blood	  transfusion	  >	  3	  units,	  invasive	  therapy	  
(reoperation	  or	  radiologic	  intervention	  necessary)	  	  	  

figure 1: Definition of late haemorrhage, > 24 hours after pancreatoduodenectomy according to the ISGPS 
criteria
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which could be associated with patients with late haemorrhage and the need for an emergency 
intervention were retrieved retrospectively from patients’ charts. This included:
-Contributing factors before index operation: use of anticoagulant medication, history with clotting 
disorders, existence of pre-operative stenosis of the celiac trunk seen on computed tomography 
(CT), pancreatitis or cholangitis, jaundice or an increased pancreatic duct diameter (>3mm) 27,28.
- Contributing factors after index operation and prior to the occurrence of late haemorrhage: 
trombopenia (< 150*109/L), liver enzymes disorders (ASAT > 40 U/L or ALAT > 34 U/L), coagulation 
disorder (prolonged activated partial thromboplastin time (APTT > 30 seconds) or prothrombin 
time (PT > 11.6 seconds), based on the standard reference of 200 healthy volunteers). Pathol-
ogy diagnosis, arterial or venous reconstruction during pancreatoduodenectomy, placement of 
drain during index operation or placement of extra drain to initiate abscess drainage ≥ 1 days 
postoperatively were also analysed.

Surgical procedure
After resectability was assessed, the standard surgical procedure was a pylorus-preserving PD, if 
necessary a classic Whipple-Kausch resection was performed, as described in previous studies 29. 
Reconstruction was performed by an end-to-side duct-to-mucosa pancreaticojejunostomy (PJ), 
end-to-side hepaticojejunostomy (HJ) followed by a gastrojejunostomy (GJ) or duodenojejunos-
tomy (DJ). One silicon drain was left in the omental bursa. Vascular procedures included (wedge) 
resection of the portal vein and bypass reconstruction of the hepatic artery 30. Somatostatin ana-
logue was routinely used in high risk patients for pancreatic fistula with a non dilated pancreatic 
duct and/or soft tissue pancreas.

emergency intervention
The choice for the type of emergency intervention, radiologically or surgically, was based on 
the patient’s condition. Depending on the severity of the clinical deterioration and the logistics 
capabilities, the best strategy was chosen.
Conservative treatment in patients with late haemorrhage but without the need of an emergency 
intervention consisted of optimising medical treatment, blood transfusion and supportive care.
Surgical intervention included exploration, removal of intra abdominal hematoma, and suturing or 
ligation of the bleeding vessel, a bleeding site at the anastomotic suture lines or a pseudo aneurysm. 
Any associated leakage of the PJ or HJ was treated with drainage, closure of anastomotic defect, 
dismantling the anastomosis, reconstruction of a new anastomosis or salvage pancreatectomy.
Radiological intervention included imaging before intervention which was generally performed 
by CT-scanning to assess the presence and location of arterial bleeding or a pseudo-aneurysm. 
When present, this was followed by selective angiography and when possible coil embolisation of 
the false aneurysm or arterial extravasation. In selected cases placement of a stent graft was per-
formed. In some hemodynamically compromised patients CT-scanning could not be performed 
due to time constraints and these patients were directly referred for angiography or surgery.
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failure of emergency intervention
To analyse the failure rate of emergency intervention, failure was defined as a radiological inter-
vention which did not successfully stop the bleeding and required surgical intervention or in case 
the patient died despite the intervention.

Statistical analyses
IBM SPSS Statistics, version 20.0. (IBM Corp., Armonk, NY, United States) was used for statistical 
analysis. Categorical data were presented as frequency or percentage. Continuous data were 
presented as mean ± standard deviation or as median and interquartile range depending on the 
distribution. Differences between patient groups were analyzed according to Chi-square test in 
case of dichotomous variables. Student T-test or Mann-Whitney U test were used for continuous 
variables depending on the distribution. Multivariable regression analysis to identify independent 
predictors was performed using a binary logistic regression, odds ratio with confidence interval 
were given.
Potential predictors for developing late haemorrhage identified after univariable analysis (p<0.2) 
and potential confounding patients characteristics were included in multivariable analysis 
depending on the number of events. Only significant predictors for the need of an emergency 
intervention after univariate analysis (P < 0.05) were included in multivariable analysis due to the 
limited number of events. A P value of < 0.05 was considered to be statistically significant.

ReSulTS

A total of 1035 patients undergoing PD for periampullary tumor were identified. In 47 patients 
(4.5%) a late haemorrhage was reported. The incidence of late haemorrhage did not change 
during the period of 1992-2012. Characteristics of patients with and without late haemorrhage 
are summarized in table 1, no differences were found. Postoperative outcomes of these patients 
were depicted in table 2. In univariable analysis, late haemorrhage was less frequently reported 
in patients with pancreatic adenocarcinoma (P = 0.004) and AJCC stage IA – IIA (P = 0.016). Late 
haemorrhage was more frequently seen in patients with PF and leakage of the HJ (both P < 
0.001). In multivariable analysis, to indentify predictors for developing late haemorrhage, PF, HJ 
leakage, pancreatic adenocarcinoma, AJCC stage and ASA classification were included. PF was 
the most relevant independent predictors for developing late haemorrhage after adjustment, OR 
10.2. Mortality was 13% (6/47) in patients with late haemorrhage vs. 1.5% in all patients without 
late haemorrhage.
Of the 47 patients with late haemorrhage, 27 did not undergo an emergency intervention. Eight 
of these 27 patients underwent elective surgical or radiological intervention and 18 patients were 
observed. One patients died before any intervention could be performed, 2 patients died due 
to other surgical complications, not associated with late haemorrhage. 20 patients had a grade 
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Table 1. Characteristics patients with and without late haemorrhage after pancreatoduodenectomy due to a 
periampullary tumor.

Patients without 
postoperative late 

haemorrhage
N = 988 (95.5%)

Patients with 
postoperative late 

haemorrhage
N = 47 (4.5%)

Univariable 
analysis

P-value

Mean age (±SD), years 62 (11) 62 (11) 0.55

Females, n (%) 422 (43) 19 (40) 0.76

ASA score, n (%)
 I/II
 III/IV

814 (82)
174 (18)

41 (87)
6 (13)

0.39

Comorbidity, n (%)
 Cardiac
 Pulmonary
 Hypertension
 Diabetes mellitus

190 (19)
103 (10)
235 (24)
173 (18)

11 (23)
4 (9)

10 (21)
5 (11)

0.48
0.67
0.74
0.22

SD=standard deviation Univariable analysis was performed using chi-square test. Student T-test or Mann-
Whitney U test.

Table 2 Postoperative outcome of patients with and without late haemorrhage after pancreatoduodenec-
tomy due to a periampullary tumor, with logistic regression analysis.

Patients without 
postoperative 

late haemorrhage
N = 988 (95.5%)

Patients with 
postoperative 

late haemorrhage
N = 47 (4.5%)

Univariable 
analysis

P-value

Multivariable
analysis

Odds ratio, OR (CI)

Type of operation, n (%)
Pylorus preserving
Classic Whipple-Kausch

855 (87)
133 (14)

42 (89)
5 (11)

0.58 NIA

Diagnosis at pathology after 
pancreato-duodenectomy, 
n (%)

Pancreatic adenocarcinoma 350 (35) 7 (15)  0.004 OR 0.8 (0.3-2.06) 

Distal common bile duct 
adenocarcinoma 

143 (15) 9 (19)  0.38 NIA 

Ampullary adenocarcinoma 212 (22) 11 (23)  0.75 NIA 

Duodenal adenocarcinoma 27 (3) 1 (2)  0.8 NIA 

Other (pre)malignant 124 (13) 8 (17)  0.37 NIA 

Chronic pancreatitis 83 (8) 6 (13)  0.3 NIA 

Benign 49 (5) 5 (11)  0.09 NIA 

AJCC staging*, n (%)

I - IIA 277 (38) 17 (61)  0.016 OR 0.5 (0.23 – 1.25) 

IIB - IV 452 (62) 11 (39)  

Tumor size, mean (±SD) 2.8 (1.6) 2.8 (2.4) 1.0 NIA
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C type bleeding requiring emergency interventi on. The treatment of all 47 pati ents is displayed 
in Figure 2. Pati ent characteristi cs did not diff er between pati ent with or without the need for 
emergency interventi on. However, when analysing the diff erences in management during the 
study period, an increase of radiological interventi on was noti ced. Eighty-eight percent of the 
radiological emergency interventi ons were performed aft er the year 2000.

Table 2 (conti nued)

Pati ents without 
postoperati ve 

late haemorrhage
N = 988 (95.5%)

Pati ents with 
postoperati ve 

late haemorrhage
N = 47 (4.5%)

Univariable 
analysis

P-value

Multi variable
analysis

Odds rati o, OR (CI)

Postoperati ve complicati ons, 
n (%)

Pancreati c fi stula 127 (13) 29 (62)  <0.001 oR 10.2 (4.37-23.71) 

Hepati cojejunostomy 
leakage 

31 (3) 8 (17)  <0.001 OR 3.3 (0.75-14.38) 

GJ or DJ leakage 17 (2) -  0.37 NIA 

Primary abces, without 
anastomoti c leakage 

38 (4) 2 (4)  0.89 NIA 

Hospital stay, days (median; 
IQR)

14 (10-21) 25 (15-40) <0.001 NIA

In hospital mortality, n (%) 15 (1.5) 6 (13) <0.001 NIA

*given for all adenocarcinoma, data was missing in 3 pati ents SD=standard deviati on, NIA=not in analysis, 
IQR=interquarti le range, CI=confi dence interval Univariable analysis was performed using chi-square test. 
Student T-test or Mann-Whitney U test, Multi variable analysis was performed using Binary logisti c regression 
analysis *Corrected for potenti al confounding factors mean age and ASA classifi cati on

figure 2: Treatment of all pati ents with late haemorrhage. PF=pancreati c fi stula, PJ=pancreati cojejunostomy, 
RI = radiological interventi on
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Postoperative characteristics and complications are depicted in table 3. Univariable analysis 
showed that extraluminal origin of the bleeding, sentinel bleed and postoperative PF were risk 
factors for the need for emergency intervention. In 17 out of the 23 patients the source of the 
extraluminal haemorrhage was the hepatic or gastroduodenal artery. There were no difference in 
the occurrence of pancreatic fistula grade B and C between patients with or without emergency 
interventions (P = 0.41). However in multivariable analysis only extraluminal location and sentinel 

Table 3 Postoperative characteristics and complications of patients with late haemorrhage after pancreato-
duodenectomy due to a periampullary tumor with and without the need for an emergency intervention.

Patients with late 
haemorrhage 

without emergency 
intervention

N=27

Patients with late 
haemorrhage 

with emergency 
intervention

N=20

Univariable 
analysis

P-value

Multivariable
analysis

Odds ratio, OR 
(CI)

Location, n (%)
Intraluminal
Extraluminal

20 (69)*

6 (23)*
3 (15)

17 (85)

<0.001 oR 5.6 (1.1-29.7)

Sentinel bleed, n (%) 8 (30) 13 (65) 0.009 oR 6.6 (1.1-38.7)

Time interval between 
index operation and late 
haemorrhage, days (IQR)

14 (7-22) 15 (9-28) 0.42 NIA

Other complications, n (%)

Pancreatic fistula 11 (41) 18 (90) 0.001 OR 6.4 (0.9-45.9)

Grade B 4 (36) 4 (22)    

Grade C 7 (64) 14 (78)    

Hepaticojejunostomy 
leakage 

4 (15) 5 (25)  0.38 NIA 

Gastroenterostomy leakage - -  - NIA 

Intra-abdominal abscess 
(primary) 

1 (4) 1 (5)  0.83 NIA 

Time interval between index 
operation and pancreatic 
fistula, days (IQR)$

9 (3-13) 5 (3-7) 0.19 NIA

Time interval between 
pancreatic fistula and late 
haemorrhage, days (IQR)$

11 (2-39) 10 (2-22) 0.7 NIA

Hospital stay, days (median; 
IQR)

23 (15-36) 33 (13-43) 0.57 NIA

In hospital mortality, n (%) 3 (11) 3 (15) 0.69 NIA

P values were calculated using chi-square test, Student T-test or Mann-Whitney U test, NIA=not in analysis
CI=confidence interval
IQR= interquartile range
*Data missing from 1 patient, no bleeding focus found in 1 patient
$Only analyzed in patients with pancreatic fistula
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bleed were independent predictors, OR 5.6 and OR 6.6 respectively. Sentinel bleeds were man-
aged conservatively; angiography and endoscopy were performed in all but one patient. Two 
patients with a sentinel bleed without bleeding focus on CT angiogram, developed late haemor-
rhage requiring an emergency intervention.
Additional contributing factors which could be associated with patients with late haemorrhage 
and the need for an emergency intervention were analyzed and depicted in table 4. After univari-
able analysis no additional factors were associated with emergency intervention.

Table 4 Possible additional contributing factors which could be associated with patients with late haemor-
rhage and the need for an emergency intervention

Patients with late 
haemorrhage 

without emergency 
intervention

N=27

Patients with late 
haemorrhage 

with emergency 
intervention

N=20

p value

Possible contributing factors before index operation

Clotting disorder - - NIA

Use of anticoagulant, n (%) 5 (19) 3 (15) 0.45

Stenosis celiac trunk, n (%) 3 (11) - 0.13

Pancreatitis, n (%)
Cholangitis, n (%)

4 (15)
-

-
2 (10)

0.07
0.1

Jaundice, n (%) 17 (63) 15 (75) 0.48

Increased pancreatic duct diameter, > 3mm 8 (30) 4 (20) 0.34

Possible contributing factors prior to the occurrence of late haemorrhage

Trombopenia, n (%) 3 (11) 1 (5) 0.41

Liver enzymes disorders, n (%) 10 (37) 6 (30) 0.57

Prolonged APTT/PT, n (%) 12 (44) 14 (70) 0.3

Diagnosis after pancreatoduodenectomy, n (%)

Pancreatic adenocarcinoma
Distal common bile duct adenocarcinoma
Ampullary adenocarcinoma
Duodenal carcinoma
Other (pre)malignant
Chronic pancreatitis
Other benign

2 (7)
6 (22)
6 (22)
1 (4)

6 (22)
4 (15)
2 (7)

5 (25)
4 (20)
5 (25)

-
1 (5)

2 (10)
3 (15)

0.09
0.85 
0.82
0.38
0.1

0.63
0.4

Perioperative bypass, n (%)
 Venous
 Arterial

-
2 (7)

1 (5)
-

0.22
0.24

Perioperative placement of drain, n (%) 27 (100) 18 (90) 0.23

Abscess drainage by means of extra drain 
placement, n (%)

8 (30) 5 (25) 0.73

P values were calculated using chi-square test
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In the group of pati ents with an emergency interventi on, univariable analysis was performed to 
fi nd predictors to determine which type of emergency interventi on, SI or RI, the pati ent should 
initi ally require. Extraluminal locati on, senti nel bleed and pancreati c fi stula were used, but no 
signifi cant diff erence was found. Four out of 20 pati ents (20%) who underwent emergency inter-
venti on were initi ally treated by surgical interventi on (SI). One pati ent developed a cardiac arrest, 
requiring immediate interventi on on the intensive care unit. The other 3 pati ents were operated 
at night, whereas RI was not available. Of those 4 pati ents, two pati ents were treated successfully, 
while SI failed in the other two pati ents due to massive bleeding causing death. The remaining 16 
pati ents (80%) were initi ally treated with radiological interventi on (RI), of whom 10 pati ents were 
treated successfully (63%) by coil embolisati on or stent graft  placement (Figures 3a-b and 4a-b) al-
though 1 pati ent died due to pulmonary aspirati on immediately aft er successful coil embolisati on.

figure 3a: Angiography of the arteria hepati ca com-
munis reveales a pseudoaneurysm.

figure 3b: Radiological management by means of 
coil embolisati on of the pseudoaneurysm of the ar-
teria hepati ca communis.

figure 4a: Angiography reveals an aberrant arteria 
hepati ca communis (AHC) originati ng from the arte-
ria mesenterica superior (AMS) and a pseudoaneu-
rysm of the gastroduodenal artery.

figure 4b: Placement of a covered stent in the arteria 
hepati ca communis to manage the pseudoaneurysm 
of the gastroduodenal artery.
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RI failed in 6 patients (38%): in 2 patients angiography did not show arterial bleeding and emboli-
sation was not performed. In 3 patients coil embolisation was technically not possible due to the 
location of the blush and 1 patient suffered from massive re-bleeding after repeated placement of 
a stent graft. All six patients were hemodynamically unstable and resuscitation and relaparotomy 
were required after failed RI. In all 6 patients are described in whom RI failed, subsequently 
leading to an emergency relaparotomy. In 5 out of 6 patients the bleeding was controlled by 
suturing the bleeding focus and the pancreaticojejunostomy (PJ) was broken down. Salvage and 
total pancreatectomy was performed in 3 patients.

DISCuSSIon

The present study showed that the rate of late haemorrhage after pancreatoduodenectomy 
was low, 4.5%. PF was an independent predictor for developing late haemorrhage in patients 
undergoing pancreatoduodenectomy for periampullary tumors, OR 10.2. In univariable analysis 
to indentify patients with late haemorrhage who were in need of emergency intervention, PF, 
extraluminal location of the bleed and sentinel bleed were associated with emergency interven-
tion. The grading of the pancreatic fistula did not appear to be related to an emergency setting. 
However, due to the limited number of patients this association may not be revealed. For patients 
with late haemorrhage the need for emergency intervention was independently correlated with 
the occurrence of a sentinel bleed (OR 6.6) and extraluminal location of the bleeding (OR 5.6).
Although the incidence of late haemorrhage in our institution did not change during the past 20 
years, a clear shift towards the use of radiological intervention for its management was seen. 
However, the type of emergency intervention for late haemorrhage was unpredictable and 
therefore a pre-selection of which intervention a patient should receive, could not be made. 
Several other authors of studies concerning late haemorrhage have also concluded this 20,31,32. 
Small series, selection bias and the inability to predict which strategy is most suitable for in-
dividual patients makes it difficult to formulate firm recommendations. However, most studies 
carefully suggest radiological intervention is the first choice in the management of late haemor-
rhage 20,31–35. Therefore, after critical evaluation of our data and the literature, we recommend 
performing radiological intervention in patients with late haemorrhage in need of emergency 
intervention if possible. Unless the patient cannot be resuscitated and fast deterioration of the 
patient requires immediate intervention on the spot or when RI is logistically not possible. A 
diagnostic CT-angiogram is recommended if the patients can be resuscitated adequately.
Mortality in patients with late haemorrhage was high, i.e. 13%. In our study three patients died 
without the possibility of initiating an emergency intervention. Of the remaining three patients 
who did receive emergency intervention, two patients died due to persistent hemodynamic 
instability during emergency surgery. The last patient, despite successful embolisation, died due 
to haematemesis with massive aspiration. This illustrates that late haemorrhage is extremely dif-
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ficult to manage; patients deteriorate rapidly which makes it an onerous task to prepare patients 
for emergency intervention 5.
Sentinel bleed is one of the important predictors for the need of emergency intervention, this 
is in accordance to previously published studies 18,19,36. Unfortunately, sentinel bleed is an un-
derestimated sign and therefore the physician is in these situations not attentive to the risk of 
late haemorrhage 36. A limitation in this study can be that sentinel bleeds were missed or not 
recognized and were considered as very limited late bleeding. Nevertheless, when a sentinel 
bleed occurs, surgeons should be cautious since it is an urgent predictor of late haemorrhage 
and the imminent need for emergency diagnostic work-up and intervention. The extraluminal 
location of the bleeding was also found as an independent predictor of emergency intervention. 
Extraluminal haemorrhages are often bleedings from arterial vessels which can be very severe 
making subsequent emergency intervention inevitable.
In 80% of the patients in our emergency intervention group the primary choice of interven-
tion was radiological and 20% was surgical. This is in line with guidelines on management of 
late haemorrhage 9,37. The 38% of patients in which radiological intervention failed, immediate 
surgical intervention was undertaken. Consequences of these relaparotomies were tremendous, 
requiring break down of the existing anastomosis and salvage total pancreatectomy in most 
cases. When radiological intervention fails a substantial operation awaits these already fragile 
patients. Adequate and immediate measures to switch treatment to surgery are highly desirable 
in these cases.

Limitations
When performing the multivariable analysis we could only adjust for ASA score when we analyzed 
predictive factors for late haemorrhage. No adjustment for confounding factors was performed 
when analyzing predictive factors for the need of an emergency intervention. This was not possible 
due to the limited number of events 38. The texture of the pancreas was not included as a possible 
contributing factor since it was not routinely reported in the operative reports. We should also 
note that the type of bleeding, intraluminal or extraluminal is different in their nature and treat-
ment, however only 15% of patients who underwent an emergency intervention suffered from 
an intraluminal bleed. Nevertheless this and patient characteristics could have biased the choice 
for either surgical or radiological emergency intervention, although no predictors were found 
for which type of emergency intervention one should initially perform. Furthermore, endoscopy 
was excluded as a form of emergency management. In this study endoscopy was only used as a 
diagnostic tool in suspected intraluminal haemorrhage. The effect on endoscopic accessibility has 
little impact on the outcome of late haemorrhage 39.

future directives
The type of emergency intervention patients with late haemorrhage should receive is unpredict-
able. In general late haemorrhage should preferably be treated by the interventional radiologist 
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however when radiological intervention fails, patients are designated to undergo surgery espe-
cially in hemodynamic instable patients. To avoid transportation in which 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 hy-
brid 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 40,41.
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ABSTRACT

Introduction
Surgical complications after pancreatoduodenectomy can be managed by non-operative or 
surgical interventions. The aim of this study was to analyze the shift in management of 5 major 
complications and its success rates. An algorithm was developed according to predictors for type 
of intervention and failure of management.

Methods
From 1992-2012 patients with pancreaticojejunostomy, hepaticojejunostomy or gastroenteros-
tomy leakage, postpancreatectomy haemorrhage or primary abscess after pancreatoduodenec-
tomy were selected from a prospectively maintained database. Complications were treated by 
non-operative or surgical intervention Two cohorts were created according to period of index 
operation. Pre- and postoperative characteristics were analyzed.

Results
Out of 1037 patients, 263 (25%) suffered from surgical complications. The incidence of pancreatic 
fistula increased from 11 to 18%, accompanied by a shift from surgical towards non-operative 
management. This was also seen in the management of late hemorrhage. Success rates of inter-
ventions remained similar for all complications. The incidence of primary abscesses decreased. 
Early sepsis (OR 17.8, 95% CI 4.9-64.4) was associated with failure of non-operative interventions 
in patients with pancreatic fistula. Hemodynamic instability (OR 17.2, 95% CI 1.8-160.1) and 
sepsis (OR 6.7, 95% CI 2.7-16.3) were predictive for surgical intervention. Failure of non-operative 
intervention (HR 3.95% CI 1.3-7.1) and surgical intervention (HR 6.4 95% CI 3.2-12.8) were predic-
tors for poor survival.

Conclusion
The shift towards non-operative interventions was notable in patients suffering from pancreati-
cojejunostomy leakage and late hemorrhage. Anastomotic leakage, late hemorrhage and primary 
abscesses can be managed non-operatively however; hemodynamic instability and early sepsis 
are strong arguments to perform surgery.
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InTRoDuCTIon

Mortality rates after pancreatic surgery have declined during the last decades, especially in high vol-
ume hospitals. This is accompanied by a decrease in overall relaparotomy rates and length of hospi-
tal stay 1–4. However, a concomitant decrease in morbidity is not found. In our centre complications 
after pancreatoduodenectomy have not even decreased over the last 20 years 5,6. The combination 
of these two 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 towards endoscopic and the more so, radiological management of postoperative complica-
tions 7–10. Previously published data of our cohort of patients has described the management of 
several complications after pancreatic resection. Still, late hemorrhage was frequently managed 
by surgical intervention, despite the general acceptance of radiological management for this com-
plication 11. Also pancreatic leakage was managed surgically in 66% of patients 12. Leakage of the 
hepaticojejunostomy however, was safely managed by non-operative, percutaneous drainage 13. 
In more recent years the role of interventional radiology (IR) has expanded and complications are 
often primarily managed by this treatment modality. Owing to the less traumatic impact of IR, it 
might decrease length of hospital stay, additional morbidity and possibly, also mortality 10,14. A shift 
towards radiological interventions instead of surgical management for complications after pan-
creatic surgery is therefore very likely but the outcomes of this shift have not yet been analyzed.
The aim of this study was to objectively evaluate the shift in management of 5 major complica-
tions and its success rates. Predictors of type of intervention and failure of management were 
identified and an algorithm was developed according to which intervention should be performed 
based on our cohort of 1037 patients following pancreatoduodenectomy.

MeThoDS

In the period 1992 until 2013 all patients who underwent a pancreatoduodenectomy (PD) were 
prospectively registered in a surgical database. Patients were notified and able to withdraw partici-
pation. Data was registered anonymously, evaluated retrospectively without burden for the patient. 
Written informed consent was not required according to the local medical ethics review committee.
Patients with surgical complications which could be treated by radiological, endoscopic or surgical 
intervention were selected. Two similar size cohorts were created, from 1992-2003 and 2004-
2012. Patient, disease specific and postoperative characteristics were analyzed including age, sex, 
American Society of Anesthesiologists (ASA) physical status classification, jaundice (bilirubin level 
≥ 40 μmol/l), diagnosis, tumor stage and resection margin. Preoperative drainage was performed 
in case patients were in poor condition due to hyperbilirubinemia or bilirubin level exceeded 250 
μmol/l. Other (pre)malignant diagnosis included all potentially malignant tumors or malignancies 
other then adenocarcinoma.
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Management and corresponding success rates of each complication were calculated in each cohort 
to identify a shift of management over time. Interventions performed for each complication were 
also evaluated separately, including failure of interventions. Several disease specific and postopera-
tive variables potentially associated with this failure were analyzed. Also, predictors for immediate 
surgical intervention were identified to create an algorithm. To evaluate whether the type of inter-
vention performed had any long-term consequences, median survival was assessed for all patients.

Surgical technique
Standard surgical procedure in resectable patients consisted of a pylorus-preserving PD, or if 
necessary, a classic Whipple-Kausch was performed when the tumor approached the pylorus, as 
described in previous studies 15. Reconstruction was performed by an end-to-side pancreaticoje-
junostomy (PJ), end-to-side hepaticojejunostomy (HJ) followed by a gastroenterostomy (GE). One 
silicon drain was left through the foramen of Winslow behind the HJ and PJ. Vascular procedures 
included (wedge) resection of the portal vein and bypass reconstruction of the hepatic artery 16.

Postoperative complications
All complications during initial postoperative admission and re-admission within 30 days after 
discharge were included. Five major complications , in which both treatment options were 
available, were included: grade B and C PJ leakage (PF), HJ leakage and post-pancreatectomy 
hemorrhage (PPH) divided into early and late PPH, leakage of the GE (GE leakage), and primary 
intra-abdominal abscess which was defined as unspecified intra-abdominal abscess without ra-
diological or surgical evidence of anastomotic leakage. The ISGPS and ISGLS criteria were adapted 
for PF, PPH and HJ leakage 17–19. GE leakage was defined as failure of the GJ or DJ with signs of fever 
and entero-cutaneous fistula or loss of bowel contents via the abdominal drain. Furthermore, 
sepsis and hemodynamic instability were registered. Sepsis was defined as bacteremia, with a 
body temperature of ≥38.5°C and leukocytosis (leukocyte count ≥15 × 109/L) associated with the 
presence of abscesses or anastomotic leakage. Early sepsis occurred within 72 hours after PD. 
Hemodynamic instability was defined as hypotension with a mean arterial pressure lower than 
70 mm Hg (normal range, 70–120 mm Hg) 11. In-hospital mortality was defined as mortality during 
postoperative admission or during re-admission within 30 days after discharge.

Postoperative interventions
The silicon drain placed during surgery was removed provided that drain output was minimal 
(<100mL/day), amylase level lower than three times the normal serum concentration and no 
signs of complications were reported. In patients with a high risk of pancreatic fistula meaning 
a small pancreatic duct and soft pancreatic tissue, or in patients with suspicion for a pancreatic 
fistula, a somatostatin analogue was administered the first 7 days after surgery. In the first few 
years of this study patients routinely received somatostatin.
In general, if conservative treatment was inadequate, complications were managed by non-oper-
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ative interventions. However, primary surgical intervention was performed in patients suffering 
from early PPH, when patients were severely unstable despite resuscitation and no time was left 
to potentially switch from non-operative intervention to surgery. Three types of management are 
described:
- Conservative management: no intervention is performed; complication is managed with in-
travenous fluids or the administration of blood products, maximal medical treatment including 
antibiotics and maintenance of abdominal drains placed during index operation.
- Non-operative intervention comprised the following radiological and endoscopic interventions: 
Percutaneous drainage: an 8-12 french pigtail catheter is placed into the intra-abdominal fluid 
collection to achieve external drainage. Percutaneous transhepatic biliary drainage: a catheter is 
placed into the biliary system and preferably through the anastomosis into the jejunal loop which 
facilitates external and internal drainage. Gastroscopy: with the opportunity to perform electro-
coagulation, injection of vasoconstrictors or placement of clips. Selective angiography and when 
possible coil embolization or placement of a stent graft. Repeated interventions were performed 
when necessary depending on the condition of the patient (as described above) and whether any 
progression in management of the complication was seen. Failure of non-operative radiological 
intervention was defined as: unable to control the complication: patient remains septic, bleeding 
persists, leakage is still visible or intra-abdominal abscesses are still present and patients’ condi-
tion is not improving despite several interventions, necessitating surgical intervention, or when 
patients had died due to inadequately managed complications.
- Surgical interventions (SI): Surgical interventions included re-laparotomy, exploration, lavage 
and drainage, closure of anastomotic defect or creation of a new anastomosis, a completion, total 
pancreatectomy to eradicate the source of PF or suturing or ligation of an active bleeding focus. 
Failure of surgical intervention was defined as death due to inadequately managed complication.

Statistical analysis
IBM SPSS Statistics, version 20.0. (IBM Corp., Armonk, NY, United States) was used for statisti-
cal analysis. Categorical data are presented as frequency or percentage. Continuous data are 
presented as mean ± standard deviation or as median and interquartile range depending on the 
distribution. Differences between patients were analyzed according to Chi-square test in case 
of dichotomous variables. Student T-test and ANOVA or Mann-Whitney U and Kruskal-Wallis 
test were used for continuous variables depending on the distribution. Binary logistic regression 
analysis was performed to identify independent predictors for failure of non-operative interven-
tion and predictors for patients who would benefit from primary surgical intervention. Odds ratio 
with 95% confidence interval were given. A P value of < 0.05 was considered to be statistically 
significant. Mean survival of patients was calculated using Kaplan-Meier since median survival 
was not matured in many intervention groups. By using Cox proportional hazards model the 
independent association of type of intervention and failure of non-operative intervention with 
poor survival was analyzed. Hazard ratio (HR) and 95% confidence interval (CI) were given.
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ReSulTS

A total of 1037 patients underwent PD, 263 patients (25%) suffered from major surgical post-
operative complications, PF, HJ or GE leakage, PPH or primary abscess. Thirty-nine patients had 
more than one complication. Characteristics of patients with and without these complications are 
shown in table 1. Sex, body mass index and definitive diagnosis differed between the two patients 
groups. Mortality within patients with complications was 7% (n=18) and 0.4% (n=3) in patients 

Table 1 Characteristics, diagnosis and index operation of patients after pancreatoduodenectomy with and 
without postoperative complications caused by anastomotic leakage, hemorrhage or intra-abdominal abscess

Characteristics Patients without 
complications
n = 774

Patients with 
complications*
n = 263

P-value

Mean age, years (±SD) 62 (11.6) 64 (10.2) 0.578

Females, n (%) 345 (45) 98 (37) 0.038

ASA classification, n (%)
 I
 II
 III/IV

159 (21)
478 (62)
134 (17)

53 (20)
164 (62)
46 (17)

0.987

BMI, mean (±SD) 24 (3.7) 25.3 (4) <0.001

Jaundice, n (%)
Preoperative biliary drainage, n (%)

534 (69)
505 (65)

170 (65)
167 (63)

0.165
0.555

Type of operation, n (%)
 Whipple-Kausch
 PPPD

107 (14)
667 (86)

31 (12)
232 (88)

0.401

Diagnosis, n (%)
 Pancreatic adenocarcinoma
 Other periampullary carcinoma
 Other (pre)maligne
 Chronic pancreatitis
 Benigne

306 (40)
279 (36)
89 (11)
66 (9)
34 (4)

52 (20)
124 (47)
43 (16)
24 (9)
20 (8)

<0.001
0.001
0.041
0.766
0.043

T N M staging#, n (%)
T1
T2
T3
T4
Tx

106
196
344
22
6

45
61
103
9
1

0.46

N0
N1

305
369

115
104

0.062

M0
M1

666
216

216
3

0.831

*Some patients had more than one complication, SD = standard deviation, ASA = American Society of Anes-
thesiologists, BMI = body mass index
#TNM stage given for all patients with malignant disease
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without complications due to direct postoperative cardiac arrest (p<0.001). Overall mortality was 
2%. Survival between patients with and without complications did not differ 55 vs. 42 months 
respectively (p=0.68).
Patients were divided into two cohorts according to the time period of index operation. Complica-
tions accompanied by the performed interventions and treatment success over time are depicted 
in table 2. No differences in patient’s characteristics were seen between the different cohorts. 
The incidence of PF and GE leakage increased throughout the years, the incidence of primary 
abscesses decreased. A shift in interventions performed in the first and second cohort was seen in 
patients with PF and late hemorrhage, both were managed by non-operative interventions more 
frequently (p<0.001). No difference between intervention failure rates was seen throughout time. 
HJ leakage was also managed predominantly non-operatively in both cohorts. All 13 patients with 
GE leakage were reported in the second cohort, they were managed both non-operatively and 
surgically. GE leakage was disregarded from further analysis due to the small case size. No shift 
was seen in the management of primary abscesses however, no SI was performed in the second 
cohort.

Table 2 Changes between two cohorts in surgical complications, interventions and outcomes after pan-
creato duo denect omy

Cohort 1992-2003
n=511

Cohort 2004-2012
n=526

p value

Surgical complications

Pancreatic fistula n=151 54 97 <0.001

 Conservative treatment 9 13 0.586

 Primary non-operative intervention
 Successful

16
12

69
55

<0.001
0.657

 Primary surgical intervention
 Successful

29
25

15
14

<0.001
0.145

Postpancreatectomy haemorrhage n=66 35 31 0.528

 early n=17 10 7

 Conservative treatment 2 - 0.208

 Primary non-operative intervention
 Successful

2
2

-
-

0.208
-

 Primary surgical intervention
 Successful

6
6

7
6

0.056
0.335

 late n=49 25 24

 Conservative treatment 10 1 0.003

 Primary non-operative intervention
 Successful

11
5

22
16

<0.001
0.125

 Primary surgical intervention
 Successful

4
3

1
-

0.171
0.171
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Table 3 A, B, C and D describe all patients with PF, HJ leakage, PPH and primary abscesses following 
non-operative intervention or SI. No differences in patient’s characteristics were seen between 
the intervention groups. Eighty-five patients with PF were managed by primary non-operative 
intervention, this failed in 18 patients (21%). Independent predictor for failure of non-operative 
management was sepsis (OR 17.8, 95% CI 4.9-64.4), after adjustment for multiple abscesses and 
hemodynamic instability. Forty-four patients were managed surgically. Independent predictors for 
primary SI in patients with PF were sepsis (OR 6.7, 95% CI 2.7-16.3) and hemodynamic instability 
(OR 17.2, 95% CI 1.8-160.1). All patients with early sepsis were treated with primary SI. Only one 
hemodynamically unstable patient was managed non-operatively, this failed. In-hospital mortal-
ity was highest after non-operative management failed. Survival was also low in this group, 27 
months. After adjusting for diagnosis, stage, resection margin and tumor differentiation, failures 
of non-operative intervention (HR 3.95% CI 1.3-7.1) and primary surgical intervention (HR 6.4 95% 
CI 3.2-12.8) were predictors for poor survival.
Two out of 39 patients with HJ leakage were treated conservatively, 29 patients were managed 
non-operatively which failed in 2 patients, both suffering from sepsis. Eight patients were man-
aged surgically, 4 patients suffered from early sepsis.

Table 2 (continued)

Cohort 1992-2003
n=511

Cohort 2004-2012
n=526

p value

hepaticojejunostomy leakage n=39 15 24 0.168

 Conservative treatment 2 - 0.066

 Primary non-operative intervention
 Successful

9
9

20
18

0.104
0.326

 Primary surgical intervention
 Successful

4
4

4
3

0.452
0.285

Gastroenterostomy leakage n=13* 0 13 <0.001

 Conservative treatment - 1 -

 Primary non-operative intervention
 Successful

- 7
4

-

 Primary surgical intervention
 Successful

- 4
4

-

Intra-abdominal abscess (primary) n=45 31 14 0.007

 Conservative treatment 8 4 0.846

 Primary non-operative intervention
 Successful

19
18

10
10

0.511
0.46

 Primary surgical intervention
 Successful

4
4

-
-

0.159
-

#ASA = American Society of Anesthesiologists, data is missing in 3 patients
*one patient died before intervention could be performed
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Table 3 Characteristics, diagnosis and outcomes in patients with anastomotic leakage, PPH and primary in-
tra-abdominal abscesses treated by radiological intervention, surgical intervention or both due to failure of 
non-operative intervention.
A. Pancreatic fistula

Primary non-
operative 
intervention
n=67*

Failed non-
operative 
followed by SI
n=18$

Primary surgical 
intervention
n=44+†

p value

Jaundice, n (%)
Preoperative biliary drainage, n (%)
Sandostatine^, n (%)

41 (61)
38 (57)
33 (50)

12 (67)
11 (61)
11 (61)

33 (75)
31 (70)
30 (68)

0.32
0.344
0.335

Diagnosis, n (%)

Pancreatic adenocarcinoma
Other periampullary adenocarcinoma
Other (pre)malignant
Chronic pancreatitis
Other benign

9 (13)
39 (58)
11 (16)
5 (7)
3 (5)

4 (22)
11 (61)
1 (6)
2 (11)
-

8 (18)
21 (48)
5 (11)
7 (16)
3 (7)

0.612
0.475
0.437
0.375
0.51

CT scan prior to intervention, n (%) 61 (91) 18 (100) 20 (45) <0.001

Multiple abdominal abscesses, n (%) - 2 (11) 5 (11) <0.018

Sepsis, n (%)
Early sepsis <72h

11 (16)
-

14 (78)
-

33 (75)
10

<0.001

Hemodynamic instability, n (%) - 1 (6) 9 (20) <0.001

In hospital mortality after Whipple / 
PPPD, n (%)

- 7 (38) 5 (11)† <0.001

Hospital stay, days (median; IQR) 31 (24-40) 43 (30-71) 45 (34-82) <0.001

Mean survival, months 47 27 33 0.001

SI = surgical intervention, IQR = interquartile range, CT = computed tomography
† primary surgical intervention failed in 5 patients, these patients died
^ prophylactic use and as a treatment of pancreatic fistula
* all patients who underwent 1 or more non-operative interventions
$ all patients who first underwent non-operative intervention followed by surgical intervention
+ all patients who underwent 1 or more surgical interventions

Table 3B. hepatojejunostomy leakage

Primary non-
operative 
intervention
n=27*

Failed non-
operative 
followed by SI
n=2$

Primary surgical 
intervention
n=8+

p value

Jaundice, n (%)
Preoperative biliary drainage, n (%)

11 (41)
12 (44)

-
-

6 (75)
5 (63)

0.095
0.272

Diagnosis, n (%)

Pancreatic adenocarcinoma
Other periampullary adenocarcinoma
Other (pre)malignant
Chronic pancreatitis
Other benign

2 (7)
12 (44)
9 (33)
2 (7)
2 (7)

1 (50)
1 (50)
-
-
-

1 (13)
3 (38)
1 (13)
1 (13)
2 (25)

0.171
0.923
0.343
0.818
0.327
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CT scan prior to intervention, n (%) 18 (67) 2 (100) 1 (13) 0.011

Multiple abdominal abscesses, n (%) 1 (4) - 1 (13) 0.59

Sepsis, n (%)
Early sepsis <72h

6 (22)
1

2 (100)
-

4 (50)
4

0.037
0.003

Hemodynamic instability, n (%) 2 (7) - 1 (13) 0.818

In hospital mortality after Whipple / 
PPPD, n (%)

- 1 (50) - <0.001

Hospital stay, days (median; IQR) 31 (20-44) 41 30 (16-48) 0.479

Mean survival, months 47 12 39 0.03

SI = surgical intervention, IQR = interquartile range, CT = computed tomography
* all patients who underwent 1 or more non-operative interventions
$ all patients who first underwent non-operative intervention followed by surgical intervention
+ all patients who underwent 1 or more surgical interventions

Table 3C. Post-pancreatectomy hemorrhage

Primary non-
operative 
intervention 
n=23*

Failed non-
operative 
followed by SI
N=12$

Primary surgical 
intervention
n=18+μ

p value

Grade B
Grade C

14 (61)
9 (39)

2 (17)
10 (83)

8 (44)
10 (56)

0.044

Early hemorrhage
Late hemorrhage

2 (9)
21 (91)

-
12 (100)

13 (30)
5 (28)

<0.001

Jaundice, n (%)
Preoperative biliary drainage, n (%)

16 (70)
14 (61)

7 (58)
6 (50)

13 (72)
14 (78)

0.709
0.272

Diagnosis, n (%)

Pancreatic adenocarcinoma
Other periampullary adenocarcinoma
Other (pre)malignant
Chronic pancreatitis
Other benign

3 (13)
11 (48)
5 (22)
3 (13)
1 (4)

3 (25)
3 (25)
3 (25)
1 (8)
2 (17)

4 (22)
7 (39)
1 (6)
4 (22)
2 (11)

0.626
0.422
0.275
0.544
0.475

CT scan prior to intervention, n (%) 16 (70) 11 (92) 5 (28) 0.001

Multiple abdominal abscesses, n (%) 1 (4) 1 (8) 2 (11) 0.713

Sepsis, n (%)
Early sepsis <72h

9 (39)
-

6 (50)
-

8 (44)
2

0.822
0.133

Hemodynamic instability, n (%) 2 (9) 4 (33) 6 (33) 0.105

In hospital mortality after Whipple / 
PPPD, n (%)

- 4 (33) 3 (17)μ 0.019

Hospital stay, days (median; IQR) 31 (22-48) 37 (21-65) 24 (15-40) 0.312

Mean survival, months 38 31 32 0.654

SI = surgical intervention, IQR = interquartile range, CT = computed tomography
μ primary surgical intervention failed in 3 patients, these patients died
* all patients who underwent 1 or more non-operative interventions
$ all patients who first underwent non-operative intervention followed by surgical intervention
+ all patients who underwent 1 or more surgical interventions
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Table 3D. Intra-abdominal abscess

Primary non-
operative 
intervention
n=28*

Failed non-
operative 
followed by SI
N=1$

Primary surgical 
intervention
n=4+

p value

Jaundice, n (%)
Preoperative biliary drainage, n (%)

17 (61)
16 (57)

1 (100)
1 (100)

3 (75)
3 (75)

0.638
0.566

Diagnosis, n (%)

Pancreatic adenocarcinoma
Other periampullary adenocarcinoma
Other (pre)malignant
Chronic pancreatitis
Other benign

7 (25)
9 (32)
7 (25)
2 (7)
3 (11)

-
1 (100)
-
-
-

1 (25)
1 (25)
-
2 (50)
-

0.848
0.343
0.452
0.046
0.745

CT scan prior to intervention, n (%) 26 (93) 1 (100) 3 (75) 0.483

Multiple abdominal abscesses, n (%) 1 (4) - 1 (25) 0.236

Sepsis, n (%)
Early sepsis <72h

4 (14)
-

-
-

3 (75)
-

0.018

Hemodynamic instability, n (%) - - 2 (50) <0.001

In hospital mortality after Whipple / 
PPPD, n (%)

- 1 (100) - <0.001

Hospital stay, days (median; IQR) 29 (21-39) 11 40 (16-84) 0.286

Mean survival, months 39 0.4 49 <0.001

SI = surgical intervention, IQR = interquartile range, CT = computed tomography
* all patients who underwent 1 or more non-operative interventions
$ all patients who first underwent non-operative intervention followed by surgical intervention
+ all patients who underwent 1 or more surgical interventions

PPH was reported in 66 patients (6%). Patients with PPH were treated by type of bleeding: early 
or late PPH. In the second cohort all patients with early PPH were managed surgically, this failed 
in only one patient (Table 2). Patients with late PPH were more frequently managed by non-
operative interventions (n=33). This failed in 12 patients (36%). No predictive factors for failure 
of non-operative interventions were found. Finally, 29 out of 45 patients with primary abscesses 
were managed by non-operative intervention. This only failed in 1 patient. Four patients were 
managed surgically, 3 of these patients suffered from sepsis and 2 patients were hemodynami-
cally unstable.
Based on the above mentioned results an algorithm was created (Figure 1). Patients with PF, 
HJ leakage, late PPH and primary abscess should primarily undergo non-operative intervention. 
Except when patients are hemodynamically unstable, resuscitation has failed or patients suffer 
from early sepsis, patients benefit from primary surgical intervention.
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DISCuSSIon

In this series the postoperati ve management of pati ents with surgical complicati ons aft er PD 
was evaluated. A total of 263 pati ents suff ered from postoperati ve complicati ons anastomoti c 
leakage, PPH and primary intra-abdominal abscesses. The increased incidence of PF throughout 
the last 20 years was accompanied by a shift  from surgical to non-operati ve management, with 
a decrease in length of hospital stay in the non-operati ve group. The success rates of surgical 
and non-operati ve interventi ons were similar, this applied to all complicati ons. A shift  towards 
non-operati ve management was also seen in pati ents with late PPH; furthermore, all pati ents 
with primary abscesses are nowadays managed by non-operati ve interventi ons without any 
failure of therapy. Pati ents suff ering from GE leakage were managed by both non-operati ve and 
surgical interventi ons; the latt er interventi on being successful in all pati ents. GE leakage was only 
reported in the second cohort, without a clear explanati on. Although all pati ent records have 
been extensively analyzed it is possible that due to the rarity of GE leakage and the overall low 
incidence it has not been recognized in the earlier years. The increased incidence of pancreati c 
fi stula and maybe GE leakage can partly be the result of improved diagnosti cs throughout the 
years. Through the use of high quality imaging we are now able to diagnose anastomoti c leakage 
more accurately. While an abscess was fi rst diagnosed as primary abscess without anastomoti c 
leakage, an underlying leakage of the pancreati c or enteric anastomosis is now more oft en proven 
to be the cause.

figure 1: Algorithm
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Although the majority of patients in this study were adequately managed without surgical 
interventions, failure of non-operative management requiring surgical re-intervention occurred 
in 21% and 36% of patients with PF and late PPH, respectively, leading to high mortality rates. 
Other studies have reported 13% to 28% failure rates 8,9. While no predictive factors for failure 
of non-operative management were identified within the late PPH group, sepsis was identified 
as the only independent predictor of failure of non-operative management in patients with PF. 
The importance of preventing failure of non-operative management for long-term outcomes was 
emphasized by its association with poor survival. The risk of dying within 5 years after PD was 
6 times higher in patients with PF in whom non-operative management failed. Previously pub-
lished studies have also reported the correlation between high mortality rates and inadequate 
management of postoperative complications 20. Hospitals reporting high and low mortality rates 
were compared showing no differences in patient characteristics and number of complications. 
However, the rate of successful management of complications was lower in hospitals reporting 
high mortality rates. This high mortality was caused by failure to rescue 21. This can be avoided 
by improving postoperative management, ensuring the availability of interventional radiolo-
gists 22. Furthermore, non-operative interventions should be performed by a team of specialized 
interventional radiologists and endoscopists working in a high volume hospital with appropriate 
hospital resources 23.
Non-operative intervention is preferable in most patients; however consensus has been reached 
in the literature concerning early PPH which should be managed by primary surgical interven-
tion 24,25,26. This is in accordance with the present study; all patients with early PPH were man-
aged surgically in the last 10 years which was successful in 86%. This study identified two factors 
predictive for primary SI in patients suffering from PF: hemodynamic instability and sepsis. All 
patients in this group suffered from early sepsis. Early sepsis, like early PPH is most likely caused 
by an underlying anastomotic, surgical problem. Early sepsis in patients with HJ leakage also led 
to primary SI.
The predictive factors identified in this study, based on a cohort of 1037 patients, provided the 
basis for the development of an algorithm according to which intervention should be performed 
(Figure 1). Despite the paucity of data from randomized or prospective trials this is one of the 
largest series in which the outcomes of non-operative and surgical interventions after pancreatic 
resection were analyzed. Patients with GE leakage were excluded form the algorithm; due to the 
rarity of this complication it was difficult to predict which intervention to perform. Although the 
design of the study prohibits us from concluding that all patients with sepsis should undergo 
primary SI, these patients are most vulnerable, especially when sepsis occurs in the first 72 hours, 
and can be successfully controlled by surgical drainage and/or management of the underlying 
cause such as an anastomotic dehiscence 9,26.
Primary non-operative interventions were successful in patients suffering from PF, HJ leakage, late 
PPH and intra abdominal abscesses. A recent study reported a 100% success rate in the manage-
ment of HJ leakage by non-operative interventions only 14. The use of non-operative management 
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has changed over the last years, it has often become the management of first choice in dealing 
with most postoperative complications 11,12,27. This could have led to a selection bias in the course 
of this study.
In conclusion, the shift from surgical towards non-operative interventions was most notable in 
patients suffering from PF. However, no differences in the success rates of postoperative manage-
ment were seen. PF, HJ leakage, late hemorrhage and primary abscesses can be managed non-
operatively; however, hemodynamic instability and early sepsis are strong arguments to perform 
primary SI.
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ABSTRACT

Introduction
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 this study was to formulate a definition for standard lymphadenectomy during pan-
createctomy.

Methods
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.

Results
The nomenclature of the Japanese Pancreas Society was accepted by all participants. Extended 
lymphadenectomy during pancreatoduodenectomy with resection of lymph nodes along the 
left side of the superior mesenteric artery, around the celiac trunk, splenic or left gastric artery 
showed no survival benefit compared to a standard lymphadenectomy. No Level I evidence was 
available on prognostic impact of positive para-aortic lymph nodes. Consensus was reached on 
selectively removing suspected lymph nodes outside the resection area for frozen section. No 
consensus was reached on continuing or terminating resection in case these nodes were positive.

Conclusion
Extended lymphadenectomy cannot be recommended. Standard lymphadenectomy for pancre-
atoduodenectomy should strive to resect lymph node stations no. 5, 6, 8a, 12b1, 12b2, 12c, 13a, 
13b, 14a, 14b, 17a and 17b. For cancers of the body and tail of the pancreas removal of stations 
10, 11 and 18 is standard. Furthermore, lymphadenectomy is important for adequate nodal stag-
ing. Both pancreatic resection, in relatively fit patients or non-resectional palliative treatment 
were accepted as acceptable treatment in case of positive lymph nodes outside the resection 
plane. This consensus statement could serve as a guide for surgeons and researchers in future 
directives and new clinical studies.
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InTRoDuCTIon

The optimal lymphadenectomy during pancreatectomy for pancreatic adenocarcinoma is 
disputed. Although the lymph node (LN) status of patients with resectable pancreatic ductal 
adenocarcinoma is an important predictor of survival, the actual survival benefit of an extended 
lymphadenectomy compared to a standard lymphadenectomy is limited. Four randomized con-
trolled trials (RCT) analysed extended versus standard lymphadenectomy during pancreatoduo-
denectomy and failed to find better outcomes in patients undergoing an extended resection 1–6. 
However, nomenclature, definitions and classifications of LN stations and standard or extended 
lymphadenectomy vary widely in the four RCTs which make it difficult to compare the results 
between the studies and to analyse which lymphadenectomy is preferred. During a consensus 
conference in 1999, an agreement was reached on which LN nomenclature should be used and 
definitions for standard and extended lymphadenectomy were formulated 7. Notwithstanding, 
there is still ongoing discussion regarding the extent of lymphadenectomy and what conse-
quences positive lymph nodes in specific stations will have when discovered during an operation. 
Due to the persistent controversy on this topic and absence of Level I evidence on the optimal 
lymphadenectomy, an expert panel prepared and participated in a consensus conference of the 
International Study Group on Pancreatic Surgery (ISGPS) in April 2013 to evaluate the current lit-
erature on the definitions and to discuss the extent of a standard lymphadenectomy and related 
issues. In this consensus document, the term “standard lymphadenectomy” is used to define 
the extent of the lymphadenectomy and the nodal stations that should be removed in patients 
undergoing resection for suspected or confirmed pancreatic ductal adenocarcinoma. This type of 
lymphadenectomy might also be appropriate in patients with periampullary cancers and cystic 
neoplasms with malignant potential. To determine this, studies first need to present data using 
the same definition for lymphadenectomy to enable an accurate comparison and to start new 
clinical trials.
The aim of this consensus statement was to guide surgeons in their decision-making and prevent 
unnecessary extended procedures from being performed. Furthermore, this consensus state-
ment can prevent the disparity in classification of lymphadenectomy that is found today.

MeThoDS

A computerized search of the PubMed and Embase database was made using the following 
terms: “pancreatic cancer”, “pancreatic adenocarcinoma”, “surgery”, “radical lymphadenec-
tomy”, “extended lymphadenectomy”, “complications”, “para-aortic”, “lymph nodes”, and “nodal 
staging”. Publications of rated in descending order of level of evidence: systematic reviews and 
meta-analyses, prospective (randomized) studies, major publications from high-volume centers 
and existing consensus reports; however case-studies were excluded. Only studies published 
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in English were included. References of the included articles were hand-checked to ensure no 
relevant studies were missed. The search was performed in February 2013.
All relevant literature and a summary of the extracted data were reviewed by the study group 
(DJG, CB, CD, MM, RMC) of the International Study Group Pancreatic Surgery (ISGPS) which 
resulted in a first draft of the consensus definition and preparation of the statement. During the 
international consensus meeting attended by members of the ISGPS, the first draft was discussed. 
A final consensus statement on the definition of standard lymphadenectomy in pancreatic 
surgery was formulated and agreed by all cosignatories using the Grading of Recommendations 
Assessment, Development, and Evaluation (GRADE) guidelines 8.

ReSulTS AnD ConSenSuS STATeMenTS

nomenclature for nodal stations in pancreatic surgery
Both the Union International Contre le Cancer (UICC) criteria and the Japanese Pancreas Society 
rules have been described in all Level I RCTs 1–6. During the European consensus meeting in 1999, 
the nomenclature of the Japanese Pancreas Society was selected and specification of the lymph-
adenectomy during pancreatoduodenectomy was described thereafter 9. There now seems to be 
general acceptance to use the “classification of pancreatic carcinoma” proposed by the Japanese 
Society, as summarized in Figure 1.

Consensus statement
Based on the above-mentioned RCTs and the detailed nature of the classification, the use of the 
nomenclature for nodal stations based on the classification of the Japanese Pancreas Society 
(Japan Pancreas Society. Classification of pancreatic carcinoma. 2nd English ed. Tokyo: Kanehara 
& Co. Ltd.: 2003 10 was agreed on by all conference members and was strongly recommended.

extended or standard lymphadenectomy?
The extent of lymphadenectomy in patients with pancreatic adenocarcinoma during pancreato-
duodenectomy as well as for left-sided pancreatectomy will be discussed separately.
Lymphadenectomy during pancreatoduodenectomy was described in two older cohort studies 
showing improved 5-year survival rates in patients who underwent standard lymphadenectomy 
compared to non-radical lymphadenectomy 11,12. Three RCTs published afterwards reported no 
survival benefit, and no arguments could be presented based on the evidence of these studies to 
support the role of extended lymphadenectomy during pancreatoduodenectomy. A similar conclu-
sion was underlined again in two meta-analyses, the first from Michalski et al. in which three RCTs 
were analysed and the second from Iqbal et al, in which both RCTs and cohort studies were included 
(Figure 2), both of which showed no benefit of extended lymphadenectomy 13,14. These conclusions 
are in accordance with the fourth RCT from Japan showing no benefit in long-term survival after 
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extended lymphadenectomy in pati ents with resectable pancreati c head adenocarcinoma 6. How-
ever, the defi niti on of lymphadenectomy varied between the RCTs. The pancreati c cancer registry 
of the Japan Pancreas Society analyzed 32,619 records and showed a signifi cantly poorer survival in 
pati ents who underwent resecti on with a D1 lymphadenectomy compared to D2 and D3, however, 
no survival advantages were seen between D2 versus the more extended D3 resecti ons 15.

figure 1: Japan Pancreas Society nomenclature of peripancreati c lymph nodes
(Adapted from Japan Pancreas Society 10.)
No. 5, suprapyloric lymph nodes
No. 6, infrapyloric lymph nodes
No. 7, lymph nodes along the left  gastric artery
No. 8a, lymph nodes in the anterosuperior group along the common hepati c artery
No. 8p, lymph nodes in the posterior group along the common hepati c artery
No. 9, lymph nodes around the celiac artery
No. 10, lymph nodes at the splenic hilum
No. 11p, lymph nodes along the proximal splenic artery
No. 11d, lymph nodes along the distal splenic artery
No. 12a, lymph nodes along the hepati c artery
No. 12p, lymph nodes along the portal vein
No. 12b, lymph nodes along the bile duct
No. 12c (located next to 12b), lymph nodes around the cysti c duct
No. 13a, lymph nodes on the posterior aspect of the superior porti on of the head of the pancreas
No. 13b, lymph nodes on the posterior aspect of the inferior porti on of the head of the pancreas
No. 14p, lymph nodes along the proximal superior mesenteric artery
No. 14d, lymph nodes along the distal superior mesenteric artery
No. 15, lymph nodes along the middle colic artery
No. 16, lymph nodes around the abdominal aorta
No. 17a, lymph nodes on the anterior surface of the superior porti on of the head of the pancreas
No. 17b, lymph nodes on the anterior surface of the inferior porti on of the head of the pancreas
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Consensus statement
The performance of an extended lymphadenectomy during pancreatoduodenectomy, as de-
scribed in the four RCTs, was not of any proven benefi t and should not be performed. Although the 
defi niti on of extended lymphadenectomy varied between the RCTs, none of the trials reported a 
survival benefi t in pati ents undergoing the more extended lymphadenectomy. Moreover, an ex-
tended lymphadenectomy might be associated with undesirable consequences, such as chronic 
diarrhea and associated weight loss 6,14,16.

Which local lymph nodes should be included in standard lymphadenectomy during 
pancreatoduodenectomy in pati ents with pancreati c ductal adenocarcinoma?
Table 1 depicts the diff erences found in the literature when comparing the diff erent RCTs accom-
panied with the outcomes aft er lymphadenectomy. During the consensus conference, all lymph 
nodes were discussed and no consensus could be reached by reviewing the available literature. 
Consensus on including LN stati ons 13 and 17 in the standard lymphadenectomy was reached 
beforehand because these nodes are imbedded within the pancreati coduodenal groove, and 
therefore are always resected with the specimen. Lymph nodes around the SMA, celiac trunk, 
hepatoduodenal ligament, splenic artery, left  gastric artery, and interaorto-caval are discussed 
below.

• Should lymph nodes of the complete SMA (LN 14) or only right lateral SMA be included? 
Should the lymph nodes around the celiac trunk (LN 9) be included?
According to the four RCTs, only LN along the right lateral side of the SMA should be resected dur-
ing standard lymphadenectomy. This is the area in which recurrence is most common, and positi ve 
lymph nodes are most likely to be detected 17,18. A complete resecti on of the LN around the SMA 
as part of an extended lymphadenectomy has not been shown to be benefi cial for the pati ent and 
leads to more morbidity, in parti cular postoperati ve diarrhea, and is not indicated 6,14,16. Generally, 
clearance of the LN and ti ssue at the right site of the SMA (dissecti on plane) is helpful to allow 

figure 2: Meta-analysis on survival data of randomized controlled trials and cohort studies including pati ents 
with pancreati c cancer undergoing an extended versus standard lymphadenectomy
(Adapted from Iqbal et al. 13.)
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complete resection of the uncinate process of the pancreas. Similarly, there are no data that 
show a survival benefit when lymph nodes around the celiac trunk are removed, and therefore, 
extending the lymphadenectomy to include station 9 is not indicated (Table 1).

Table 1 Differences in lymph node and nerve plexus dissection, median number of resected lymph nodes, 
margin free resection, morbidity and mortality in four randomized controlled trials assessing the value of 
extended lymphadenectomy during pancreatoduodenectomy for pancreatic adenocarcinoma.

Pedrazzoli et al.
1998 n=81
Standard - 
Extended

Yeo et al.
1999 n=114
Standard - 
Extended

Farnell et al.
2005 n=79
Standard - 
Extended

Nimura et al.
2012 n=101
Standard - 
Extended

Lymph node station
No. 5
No. 6
No. 7
No. 8a
No. 8p, posterior node
No. 9
No. 11
No. 12a
No. 12b
No. 12c
No. 12p, posterior node
No. 13, posterior node
No. 14a
No. 14b
No. 14c
No. 14d, posterior node
No. 14p, posterior node
No. 16a1
No. 16a2
No. 16b1, posterior node
No. 17
No. 18
Celiac trunk
SMA

¤ ¤
¤ ¤
No data available
¤ ¤
¤ ¤
 ¤
No data available
 ¤
¤ ¤
 ¤
 ¤
¤ ¤
 ¤
 ¤
 ¤
 ¤
 ¤
 ¤
 ¤
 ¤
¤ ¤
¤ ¤
 ¤
 ¤

 ¤
 ¤
No data available

 ¤
No data available

¤ ¤
¤ ¤

¤ ¤

¤ ¤

¤ ¤

 ¤
 ¤
¤ ¤

¤ ¤ ¤ ¤

¤ ¤
¤ ¤
No data available
¤ ¤
 ¤
 ¤
No data available
 ¤
¤ ¤
¤ ¤
 ¤
¤ ¤
¤ ¤
¤ ¤
 ¤
 ¤
 ¤

 ¤
 ¤
¤ ¤

 ¤
¤ ¤ ¤

No data available
 ¤
 ¤
 ¤
No data available
 ¤
 ¤
 ¤
 ¤
¤ ¤
 ¤
 ¤
 ¤
 ¤
 ¤

 ¤
 ¤
¤ ¤

 ¤ ¤
 ¤

Lymph nodes resected, n 
(mean)

13 20 15 27 15 36 13 40

Margin free resection 
(R0), %

73 78 88 95 76 82 94 45

Morbidity, % 34 40 20 22$

Mortality, % 5 5 5.4 3.4 0 3 0 2

¤ indicates resection of that particular lymph node station
¤¤ indicates resection of the right lateral side of that particular lymph node
$excluding sever diarrhea
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Consensus statement
Only LN stations along the right side of the SMA (LN 14a and 14b) should be resected in a standard 
lymphadenectomy during pancreatoduodenectomy. Complete resection around the SMA is not 
indicated. Nodes around the celiac trunk should not be resected.

• How high should the resection go into the hepatoduodenal ligament (LN 5, 6, 8 and 12)?
The hepatoduodenal ligament includes LN stations, from a more proximal location, No. 12, to 
a more distal location, No. 8 and No. 6 toward the duodenum. When reviewing the LN stations 
resected in the four RCTs, a standard lymphadenectomy should include: 5, 6, 8a, and 12b and 
c (Table 1). Whether to resect lymph node 8p was discussed extensively during the consensus 
conference.

Consensus statement
All conference members agreed on dissecting LN stations 5, 6, 8a, 12b and 12c found in the hepa-
toduodenal ligament. Considering the results of the RCTs and the extensive discussion during the 
conference meeting, no strong recommendation could be formulated on routine resection of LN 
8p, however, some members resect this node as part of the resection plane. Lymphadenectomy 
should go up to the level of the right hepatic artery (classic anatomy) as it crosses over to the right 
liver in order to adequately clear the hepatoduodenal ligament.

• Should lymph nodes around the splenic (LN 11) and left gastric (LN 7) artery be included?
Reviewing the LN dissection during pancreatoduodenectomy in the four RCTs, dissection of LN 
around the splenic and left gastric artery (No. 11 and 7) was not performed in the standard pro-
cedure during pancreatoduodenectomy (Table 1).

Consensus statement
Resection of LN stations of the splenic and left gastric artery is not recommended during pan-
creatoduodenectomy. These nodal stations should not be part of a standard lymphadenectomy.

• Should para-aortic lymph nodes (LN16) be included, in particular the lymph nodes at the 
posterior side of the pancreas between the aorta and inferior vena cava (16b1)?
Several studies reported the prognostic impact of positive para-aortic lymph nodes on survival 
in patients with pancreatic ductal adenocarcinoma after pancreatoduodenectomy 18–22. Some 
studies showed no difference in survival between patients with or without positive para-aortic 
lymph nodes undergoing resection 19,21. Other studies reported poorer survival rates in patients 
with positive para-aortic lymph nodes and summarized the outcomes found in several studies 
leading to the conclusion that the prognosis of patients with positive para-aortic lymph nodes 
was extremely poor (Figure 3) 18,20.
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There was an extensive discussion about LN 16b1; some members include this LN routi nely within 
the resecti on plane. Data on lymphati c drainage pathways has shown that LN 16b1 is an important 
node in the major lymphati c drainage route 23,24 but a study of positi ve lymph nodes in stati ons 
8a and 16b1 found that positi ve 16b1 lymph nodes did not have an eff ect on survival (p=0.185) 22. 
Nevertheless there is no Level I evidence available concerning the impact on survival. It should 
also be noted that almost all of the available studies emanated from Asian centers.

Consensus statement
Based on the poor prognosis of pati ents with positi ve para-aorti c lymph nodes, routi ne resecti on 
of lymph node stati on 16 was not recommended. No consensus however, was reached on LN 
16b1 due to variati on in the literature and diff erent expert opinions during the consensus confer-
ence. Some members resect this node because they include it in the resecti on plane; however, no 
strong recommendati on could be formulated on dissecti ng LN 16b1 routi nely.

final defi niti on of a standard lymphadenectomy during pancreatoduodenectomy in pati ents 
with pancreati c ductal adenocarcinoma
Aft er evaluati ng all the available literature and the expert opinions during the consensus meeti ng, 
a clear defi niti on of a standard lymphadenectomy was reached, although no strong recommenda-
ti on could be given on resecti ng LN 8p and 16b1 routi nely: a standard lymphadenectomy should 
include LN stati ons 5, 6, 8a, 12b1, 12b2, 12c, 13a, 13b, 14a right lateral side, 14b right lateral side, 
and 17a and 17b (Figure 4).

Defi niti on of standard lymphadenectomy during left -sided pancreatectomy in pati ents with 
pancreati c ductal adenocarcinoma in the body or tail area
Studies on lymphadenectomy during left -sided pancreatectomy for body and tail tumors are 
scarce. A study from 1997 described LN involvement in 30 specimens. The greatest incidence of 
LN involvement was around the splenic artery (LN stati on 11), aorta (LN stati on 16), SMA (LN sta-
ti on 14), and celiac trunk (LN stati on 9) 25. Another study reported similar fi ndings with the great-
est incidence of involvement seen in nodes around the splenic artery, along the inferior border of 

figure 3: Survival of pati ents with pancreati c cancer and positi ve para-aorti c lymph nodes (Adapted from 
Murakami et al. 20)
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the body and tail of the pancreas, and along the common hepati c artery. The authors suggested 
that extended lymphadenectomy, including the para-aorti c, celiac and superior mesenteric lymph 
nodes, might improve prognosis 26. The most recent study on distributi on of metastati c lymph 
nodes reporti ng the highest incidence of nodal involvement included stati ons 8, 11, 14 and 16 18, 
but, no study could provide evidence on a survival benefi t related to extended lymphadenectomy. 
Therefore there is no current evidence to support an extended lymphadenectomy of stati ons 8, 
14, and 16 during left -sided pancreatectomy. The consensus meeti ng in 1999 included LN no. 9, 
10, 11 and 18 in a standard lymphadenectomy 7. During the consensus in 2013 discussion among 
the experts on LN 9 revealed that some members of the consensus conference resect this lymph 
node stati on, parti cularly when the tumor is close to the celiac axis in the body of the pancreas, 
while others do not. No consensus could be reached.
Another technical approach designed to dissect more lymph nodes is to extend the resecti on 
by performing a left -sided pancreatectomy with en bloc resecti on of the celiac axis. Preopera-
ti ve coil embolizati on of the common hepati c artery in order to develop collateral pathways and 
performing a left -sided pancreatectomy with en bloc resecti on of the celiac axis, together with 
the surrounding lymph nodes, has been described in several studies 27,28. This procedure has also 

figure 4: Standard lymphadenectomy during pancreatoduodenectomy in pati ents with pancreati c ductal ad-
enocarcinoma includes:
No. 5, suprapyloric lymph nodes
No. 6, infrapyloric lymph nodes
No. 8a, lymph nodes in the anterosuperior group along the common hepati c artery
No. 12b and 12c, lymph nodes along the bile duct and around the cysti c duct
No. 13a, lymph nodes on the posterior aspect of the superior porti on of the head of the pancreas
No. 13b, lymph nodes on the posterior aspect of the inferior porti on of the head of the pancreas
No. 14, lymph nodes along the right lateral superior mesenteric artery
No. 17a, lymph nodes on the anterior surface of the superior porti on of the head of the pancreas
No. 17b, lymph nodes on the anterior surface of the inferior porti on of the head of the pancreas
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been described without preoperati ve coil embolizati on of the common hepati c artery and was 
compared to a standard left -sided pancreatectomy, but, no survival benefi t was reported 29.
In order to improve the visibility of the posterior extent of the resecti on, a diff erent operati ve ap-
proach to tumors of the body and tail of the pancreas by means of an antegrade procedure, was 
described in 2003 30. Long-term results were promising, but no formal trial has been conducted 
with standard left -sided pancreatectomy 31.

Consensus statement
Standard lymphadenectomy during pancreatectomy for pati ents with pancreati c ductal adeno-
carcinoma in the body or tail includes 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. LN stati on 9 is 
only suggested to be included in the resecti on when tumors are confi ned to the area of the body 
of the pancreas (Figure 5).
Members of the consensus conference also agreed that in pati ents undergoing left -sided pan-
createctomy for malignant tumors, splenectomy is indicated to ensure adequate excision of the 
primary tumor and lymph nodes. The lack of consensus and no available Level I evidence on the 
benefi t of extending the resecti on weakens this consensus statement.

figure 5: Standard lymphadenectomy during left -sided pancreatectomy in pati ents with pancreati c ductal 
adenocarcinoma includes:
No. 10, lymph nodes at the splenic hilum
No. 11, lymph nodes along the proximal and distal splenic artery
No. 18, lymph nodes along the inferior margin of the pancreas
----------------------------------------------------
No. 9, lymph nodes around the celiac artery (suggested only in tumors in the area of the corpus)
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Which nodal stations should undergo frozen section during pancreatoduodenectomy?
Whether a lymphadenectomy could be extended by selectively removing suspected lymph nodes 
beyond the resection area for frozen section was discussed during the consensus conference. 
This procedure should provide more information on the nodal status of the patient. Furthermore, 
positive lymph nodes can subsequently influence the ultimate management during the pancre-
atectomy, as well as the potential for adjuvant or palliative treatment. What consequences will 
these positive lymph nodes have? Should positive lymph nodes be considered as metastatic dis-
ease or should the surgeon continue with the resection if possible in order to attempt to achieve 
an R0 resection?

Consensus statement
If during operation, a suspicious lymph node is discovered beyond the standard lymphadenec-
tomy resection area, it should be removed and sent for frozen pathologic examination. Ideally, 
however, any suspicious lymph node should be detected on preoperative imaging and biopsied 
prior to operation. Operative exploration is not normally recommended in patients with proven 
positive lymph nodes outside the standard resection field. In contrast, if positive nodes are dis-
covered outside the boundary of a standard resection during operation for a tumor confined to 
the head of the pancreas, there was still a consensus to consider nodes along the left side of the 
SMA in particular inferior to the mesocolon or around the celiac axis, beyond the classic resec-
tion margin, to be metastatic lymph nodes. When LN station 16 is found to be positive during 
operation, most members of the consensus conference would continue with resection in order to 
achieve optimal treatment. Deciding to abandon resection or to continue the procedure should 
also depend on other variables, such as comorbidity and age of the patient, local ingrowth of 
tumor into the main vessels, or a markedly increased level of CA 19-9 preoperatively, which is 
considered a relevant prognostic parameter 32. These combined factors might lead to a change in 
strategy concerning resection or a palliative bypass procedure. Both strategies were considered 
to be appropriate in selected situations.

lymphadenectomy for nodal staging and minimal number of lymph nodes retrieved during 
pancreatoduodenectomy
Lymph node status is an important prognostic factor and is crucial in the pathologic examination 
of the resected specimen. A standard lymphadenectomy is also important for staging the pa-
tient’s disease, and therefore, as part of the multimodal therapy for pancreatic adenocarcinoma. 
Several articles have discussed the prognostic value of the number of harvested lymph nodes and 
the ratio of positive to total examined lymph nodes, i.e. the lymph node ratio (LNR). Increased 
survival has been reported in patients in whom a greater number of lymph nodes were harvested. 
Some studies reported this survival benefit in N0 patients, probably due to a more accurate clas-
sification of the N0 group; others only reported benefit in N1 patients. However, other studies 
were contradictory and did not find the number of LN to be a predictor of survival 33–39. During 
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the consensus meeting the importance of a minimum number of harvested lymph nodes was 
stressed such that the pathologic N status would be accurate, a minimum of 12 or 15 LN was 
believed to be important. The LNR was considered an important predictor for poor survival. The 
greater the LNR, the worse the prognosis for the patients. A LNR>0.2 was a negative independent 
predictor of survival 35–43.
The more lymph nodes examined, the less chance of underestimating the N stage 39. The number 
of LN harvested and examined pathologically and the LNR is, therefore, dependent on both the 
surgeon performing the lymphadenectomy and the pathologist examining the specimen. Fur-
thermore, the body mass index (BMI) of the patient influences the lymph node yield, although 
another study did not found a correlation between BMI and lymph node yield 44,45.

Consensus statement
The description of standard lymphadenectomy, as described herein, should regularly provide 
around 15 lymph nodes to assure an adequate pathologic staging of the disease. Furthermore, 
to be able to adequately stage the patient, the total number of LN and the LNR are important, 
and should be regularly reported in the pathologic analysis. In addition, the role of neo-adjuvant 
therapy should be mentioned during examination of the specimen. After preoperative chemo-
therapy or chemo-radiotherapy, pathologists may find fewer LN; in this case, a total of less than 
15 LN should be accepted.

GeneRAl DISCuSSIon

The standard lymphadenectomy formulated by the ISGPS members based on the literature and 
expert opinions is a guide for surgeons when operating on patients with resectable pancreatic 
ductal adenocarcinoma. The diversity of extent and site of lymphadenectomy described in the 
literature makes it difficult to compare results and analyse the optimal procedure. There are many 
potential advantages in adopting this consensus statement, including new clinical trials which 
can generate evidence for the appropriate treatment in the case of positive distant lymph nodes.
Compelling evidence-based reports, both RCTs and meta-analyses, show no benefit to perform-
ing an extended lymphadenectomy. Despite the variation in definition of lymphadenectomy, this 
consensus states that extended lymphadenectomy should not be performed. What consists of 
a standard lymphadenectomy was made clear in this consensus proposal, although there was 
no general agreement on the exclusion of LN stations 16b1, the posterior para-aortic lymph 
node and lymph node station 8p. Final consensus was reached on lymph nodes which were not 
included in the standard lymphadenectomy but situated nearby the resection plane; when lymph 
nodes could be incorporated easily into the resection plane, dissection was justified.
Selective removal of suspected lymph nodes has not been reported to influence survival. The 
potential advantage or importance of this practice and the consequences of tumor positive nodes 
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beyond the resection area remains unknown. Consensus was reached on positive nodes along 
the left side of the SMA or around the celiac axis positioned beyond the resection area and are 
considered to be metastatic lymph nodes. Some conference members however, resect positive 
para-aortic nodes found at the time of resection, in selected patients. Deciding to continue or 
cease the operation should depend on other characteristics, such as comorbidity and age of the 
patients, local ingrowth of tumor into the main vessels and the presence of markedly increased 
serum tumor markers such as CA 19-9. Both resection and bypass were accepted as being plau-
sible treatments for patients with these areas of metastatic lymph nodes
Although an R0 resection is always reported to be the only chance of long-term survival in pa-
tients with pancreatic ductal adenocarcinoma, this treatment modality alone is not sufficient and 
should be combined with some form of adjuvant chemotherapy with or without radiotherapy. 
While the appropriate lymphadenectomy is an important therapeutic maneuver, it is only a part 
of the multi-modal treatment of these patients.
This consensus statement should serve as a guide, although it is clear that patient characteristics 
and other factors that influence the postoperative course and long term results will influence the 
surgeon’s decision-making. Adoption of this statement will provide the most optimal lymphad-
enectomy and should ensure accurate reporting of techniques and outcomes of pancreatectomy 
for ductal adenocarcinoma of the pancreas. It will enable accurate comparisons of studies using 
the same definition for lymphadenectomy and the start of new clinical trials.
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ABSTRACT

Introduction
According to several studies, lymph node ratio (LNR) is one of the most powerful predictors for 
survival after resection in patients with pancreatic cancer. 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.

Methods
The predictive value of LNR for 3-year survival was assessed using Cox proportional hazards 
model. From 1992-2012 all patients with pancreatic and periampullary cancer following pancre-
atoduodenectomy were selected from a prospective database. Clinicopathological characteristics 
were analysed. R1 resection was defined as microscopic presence of tumour cells within 1mm 
from the margins. A practical nomogram was designed.

Results
760 patients were included. Predictive factors for death in patients with PDAC (n=350), included 
in the nomogram were: R1 resection (hazard ratio (HR) 1.55, 95percent confidence interval 
(CI) 1.07-2.25), poor tumour differentiation (HR 2.78, 95percent CI 1.40-5.52), LNR (LNR>0.18 
HR 1.75, 95percent CI 1.13-2.70) and no adjuvant therapy (HR 1.54, 95percent CI 1.01-2.34). 
C-statistic 0.665 (95percent CI 0.632-0.698), calibration was good, Hosmer-Lemeshow chi-square 
test=5.667, p=0.773. LNR and poor tumour differentiation (HR 4.51 and HR 3.30) were also 
predictive in patients with distal common bile duct (CBD) cancer. LNR, R1 resection and jaundice 
were predictors in patients with ampullary cancer (HR 7.82, HR 2.68 and HR 1.98).

Conclusion
LNR is the common predictor for poor survival in pancreatic, distal CBD and ampullary cancer. 
An R1 resection remains a prognostic factor in pancreatic and ampullary cancer although LNR is 
more powerful.
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InTRoDuCTIon

Life expectancy in patients with pancreatic cancer is low with limited improvements over the last 
years 1. The only opportunity for long-term survival is reserved for a small proportion of patients 
with localised, resectable disease at diagnosis. Although surgery can achieve 5-year survival rates 
of around 20 per cent in periampullary cancer, 5-year survival in patients with pancreatic cancer is 
only 10 to 11 per cent 2–5. Several pathological prognostic factors are known to influence survival 
after surgery: poor differentiation, nodal metastases and positive resection margins 6–8. A micro-
scopic positive resection margin (R1) is traditionally considered to be one of the most important 
prognostic factors for poor survival 7,9–13. However, other studies contradict this 14–18.
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 13,15,17,19–22, although few studies 
do not show a correlation between survival and LNR 23,24. Various results have also been reported 
regarding the predictive value of LNR in patients with ampullary and distal bile duct cancer 18,25–29. 
Furthermore, the abovementioned studies report ambiguous results on the predictive value of 
both LNR and R1 resection when analysed together. Several factors can explain this ambiguity 
such as the lack and variety of a clear R1 definition, small sample size and multicollinearity.
The aim of this study was to assess the predictive value of LNR adjusted for factors influencing 
survival following resection in patients with pancreatic, distal common bile duct (CBD), ampullary 
and duodenal cancer. The R1 definition was defined according to the current definition of the 
Royal College of Pathologists 30.

MeThoDS

From 1992 to 2012 a consecutive series of 1037 patients underwent pancreatoduodenectomy 
at the Academic Medical Centre (AMC) Amsterdam. Patients with pancreatic ductal adenocarci-
noma (PDAC), distal common bile duct (CBD) cancer, ampullary or duodenal cancer were selected 
in the present study.

Treatment
Eligibility criteria for resection during the study period did not change significantly. Resection was 
advised only when there was no evidence of metastasis and no arterial involvement. During the 
study the degree of venous involvement evolved from <90° to <180° 31–33. A pylorus-preserving 
pancreatoduodenectomy (PPPD) was the standard resection. Classic Whipple-Kausch was per-
formed when tumour approached the pylorus. After resection a pancreaticojejunostomy (PJ), 
hepaticojejunostomy (HJ) and duodenojejunostomy (DJ) or gastrojejunostomy (GJ) was per-
formed. After anastomotic reconstruction, one silicon abdominal drain was left posterior to the 
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PJ. Neo-adjuvant therapy was not administered routinely in most patients. According to the Dutch 
guideline for pancreatic and periampullary cancer only patients with pancreatic cancer received 
routine adjuvant gemcitabine since 2010 (www.oncoline.nl).

Definitions
Patient characteristics, age, sex, body mass index (BMI) and the American Society of Anaesthe-
siologists (ASA) score together with pre-, per- and postoperative outcomes were extracted from 
a prospectively maintained database. Overall morbidity comprises surgical and non-surgical 
complications. Surgical morbidity comprises grade B/C pancreatic fistula, postoperative bleeding 
and delayed gastric emptying, all according to the ISGPS definition 34–36, leakage of the hepatico-
jejunostomy or gastro-/duodenojejunostomy, wound infection, abscess formation, relaparotomy 
and re-admission within 30 days. Mortality was defined as death during initial admission after 
index operation.

histopathology
During the study period all pancreatic specimens were examined as follows: the pancreatic and 
common bile duct resection margins as well as the area adjacent to the major vessels were marked 
by the surgeon at the operating theatre with different coloured beads and the specimen was 
fixed on a plateau subsequently the specimen was examined by an experienced gastrointestinal 
pathologist following a standard protocol. During most of the study period, Whipple specimens 
have been examined according to the dissection protocol described by Westra and Hruban Inking 
of specimens was introduced in the mid-nineties but was not performed in the early nineties. 
After fixation of the specimen, the tumour was extensively sampled in relation to relevant ana-
tomical structures and the resection margins 37. Extensive reports were then prepared. Due to 
the longstanding study period, pathology reports, which were available for all specimens, were 
re-evaluated in retrospect by a clinician, under the supervision of a pathologists, in which a mi-
croscopic positive resection margin, R1, was defined as tumour cells present within 1 mm from 
the resection margin according to the Royal College of Pathologists 30. The dissection standards by 
Verbeke et al. were implemented in 2012 38. Throughout the study period all pancreatic specimen 
examinations were supervised by experienced pathologists.
Histopathological characteristics of the tumour were reported according to the World Health 
Organization (WHO) classification 39. Resection margin, TNM status, American Joint Cancer Com-
mittee/Union Internationale Contre le Cancer (AJCC/UICC) pathological tumour-node-metastasis 
(pTNM) stage, tumour differentiation, tumour size, number of lymph nodes and LNR were speci-
fied after re-evaluation of all pathology reports according to the 7th edition of the TNM classifica-
tion 40. LNR was defined as the ratio of positive to total examined lymph nodes. In case of positive 
intra-peritoneal lymph nodes, para-aortal lymph nodes and lymph nodes along the left side of 
the superior mesenteric artery or the celiac artery, the patient was considered to have a distant 
metastasis.
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Statistical analysis
IBM SPSS® software package version 20 (Inc., Chicago, IL, USA) and R version 3.0.2 were used 
for statistical analyses. Continuous data were presented as median and interquartile range (IQR) 
or mean ± standard deviation (SD) depending on the distribution and were analysed using the 
1-way/ANOVA or Kruskal-Wallis test. Categorical data were presented as number and percent-
ages and analysed using chi-squared test. Survival was calculated with the Kaplan-Meier method, 
from date of surgery until death or last visit to the general practitioner.
A prediction model, a nomogram, for 3-year survival rates was created based on the outcomes 
after multivariable cox regression analysis, through a stepwise approach, using known predictors 
for survival from the literature and borderline significant (p<0.2) factors in univariable analysis. 
The following factors were analysed: sex, age, ASA classification, BMI, jaunidice, morbidity, tu-
mour size, no. of resected lymph nodes, LNR, resection margin, perineural growth, angioinvasion, 
tumor stage, nodal stage, metastasis, tumour differentiation and adjuvant therapy. Significant 
predictive factors for 3-year survival after cox regression analysis where then used to create the 
nomogram. This was created based on the following formula: S (t) = [S0(t)]exp (beta1,2,3 etc.), where S 
(t): Estimated survival function, 3-year survival rate, S0(t): Estimated baseline survival function 
and Beta: Estimated risk score 41. Only in case of a sufficient sample size and the ability to adjust 
for important known predictors for poor survival, a prediction model was created to guarantee 
an accurate survival prediction. Otherwise, hazard ratios (HR) and their 95 per cent confidence 
interval (CI) were given to depict the superiority or inferiority of a high LNR compared to an R1 
resection and other prognostic factors for poor survival.
Model performance was assessed by measuring discrimination (the ability to discriminate be-
tween participants with or without an event) and calibration (the ability to quantify the observed 
absolute risk). The discriminative ability of the model was examined by calculating the c-statistic 
with 95per cent CI. The calibration of the model was assessed by calculating the Hosmer–Lem-
eshow χ2 statistic (HLχ2), were a p-value above 0.05 indicates a good performance with no devia-
tions between predicted and observed risks).
In order to correct for over-optimism of the model performance an internal bootstrap validation 
was performed using 300 bootstrap samples. Proportional hazards assumption was validated 
with the log–log plot.
To avoid multicollinearity the lymph node (N) status of patients was not included in the analysis 
since LNR already accounted for the absence or presence of positive lymph nodes. LNR was 
analysed as a continuous and categorical variable. Optimal cut-off for LNR was obtained with the 
maximum log-rank test. Tumour differentiation was missing in 10per cent of patients, these data 
have been imputated using multiple imputation. LNR was categorised for this purpose; higher or 
lower than the optimal cut off point.
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ReSulTS

Out of the 760 patients who underwent resection for cancer, PDAC was diagnosed most fre-
quently, 46.1 per cent (n=350), followed by ampullary cancer (29.9 per cent, n=227), distal CBD 
cancer (20 .1 per cent, n=153) and duodenal cancer (n=30). Median age of all included patients 
was 64 years. A higher percentage of males was seen in patients with duodenal cancer (p=0.011) 
and jaundice requiring subsequent preoperative drainage was reported most frequently in pa-
tients with distal CBD cancer (Table 1). Morbidity rates were lower in patients with PDAC (n=184) 
52.6 vs. 59.5-70 per cent for non-PDAC (n=91, n=144 and n=21 in CBD, ampullary and duodenal 
cancer respectively) (p=0.027). Mortality did not differ significantly, however 9 patients died in 
the ampullary cancer group compared to 1 patient with pancreatic or distal CBD cancer (Table 2).

Table 1. Characteristics of patients who underwent pancreatoduodenectomy stratified by diagnosis

Pancreatic 
cancer
n=350

Distal common 
bile duct cancer
n=153

Ampullary 
cancer
n=227

Duodenal 
cancer
n=30

P-value

Male, n (%) 185 (52.9) 96 (62.7) 138 (60.8) 22 (73) 0.011

Age, mean (±SD) 64 (10) 64 (11) 65 (10) 62 (13) 0.355

ASA, n (%)
I
II
III/IV

75
211
64

(21.4)
(60.3)
(18.3)

27
102
24

(17.6)
(66.7)
(15.7)

39
144
44

(17.2)
(63.4)
(19.4)

7
16
7

(23)
(53)
(23)

0.669

BMI, mean 24 25 25 24 0.090

Jaundice, n (%) 288 (82.3) 139 (90.8) 175 (77.1) 8 (27) <0.001

Preoperative 
drainage, n (%)

224 (64.0) 125 (81.7) 180 (79.3) 7 (24) <0.001

Resection
Whipple/PPPD, n 48 / 302 16 / 137 25 / 202 7 / 23 <0.001

Adjuvant therapy, 
n (%)

123 (35.1) 5 (3.3) 14 (6.2) 6 (21) <0.001

SD = standard deviation, ASA = American society of anaesthesiologists, BMI = body mass index (kilograms / 
length in meters2), PPPD = pylorus preserving pancreatoduodenectomy

histopathology
Median number of lymph nodes examined was 8, mean was 10 ranging from 0 to 60 with a LNR 
of 0.12 (IQR 0-0.33). Positive lymph nodes were found in 59.2 per cent of patients (n=450). An 
R1 resection was performed in 41.8 per cent (n=318) and most patients had a T3 tumour (54.5 
per cent, n=414). Pathology findings stratified for diagnosis are depicted in Table 2. Patients with 
PDAC and distal CBD cancer had higher rates of positive resection margins, positive lymph nodes, 
more advanced tumour growth and subsequent higher AJCC stage. Data on perineural growth 
and angioinvasion were incomplete for patients with distal CBD, ampullary and duodenal cancer.
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Survival
Most favourable survival was seen in patients with duodenal cancer, in which median survival 
was not matured, and ampullary cancer with a median survival of 36 months. Median survival 
in patients with PDAC and distal CBD cancer was 19 months and 29 months (Figure 1). 1, 3 and 5 
year survival rates were: 73 (n=252), 25 (n=75) and 14 (n=31) per cent for PDAC, 73 (n=111), 41 
(n=48) and 27 (n=24) per cent for distal CBD cancer, 85 (n=193), 57 (n=117) and 44 (n=76) per 

Table 2. Postoperative and pathological outcomes in patients with pancreatic and periampullary cancer fol-
lowing pancreatoduodenectomy, stratified for diagnosis

Pancreatic 
cancer
n=350

Distal common 
bile duct cancer
n=153

Ampullary 
cancer
n=227

Duodenal 
cancer
n=30

P- value

Overall morbidity, n (%) 184 (52.6) 91 (59.5) 144 (63.4) 21 (70) 0.027

Surgical morbidity, n (%) 143 (40.9) 83 (54.2) 127 (55.9) 19 (63) 0.001

Mortality, n (%) 4 (1.1) 1 (0.7) 9 (4.0) 1 (3.3) 0.056

Hospital stay, days (IQR) 14 (10-19) 14 (10-20) 14 (10-23) 20 (13-31) 0.047

Tumour size, mean (±SD) 2.8 (1.5) 2.5 (1.8) 2.7 (1.5) 4.5 (1.8) <0.001

No. of lymph nodes, median (IQR) 8 (5-13) 8 (5-12) 7 (5-11) 10 (6-17) 0.037

LNR, median (IQR) 0.2 (0-0.4) 0.1 (0-0.3) 0 (0-0.3) 0.1 (0-0.3) <0.001

Resection margin, n (%)
R0
R1
R2

141
198
11

(40.3)
(56.6)
(3.1)

79
72
2

(51.6)
(47.0)
(1.3)

184
42
1

(81.1)
(18.5)
(0.4)

24
6
-

(80)
(20)

<0.001

TNM staging
T1
T2
T3
T4
Tx

N0
N1

M0
M1

35
84
223
6
2

98
252

342
8

(10.0)
(24.0)
(63.7)
(1.7)
(0.6)

(28.0)
(72.0)

(97.7)
(2.3)

25
34
86
8
-

70
83

152
1

(16.3)
(22.2)
(56.2)
(5.2)

(45.8)
(54.2)

(99.3)
(0.7)

46
82
89
10
-

128
99

227
-

(20.3)
(36.1)
(39.2)
(4.4)

(56.4)
(43.6)

(100)

1
6
16
7
-

14
16

30
-

(3)
(20)
(53)
(23)

(47)
(53)

(100)

<0.001

<0.001

0.069

Perineural growth 107 (30.6) ¥ ¥ ¥ -

Angioinvasion 60 (17.1) ¥ ¥ ¥ -

Tumour differentiation
Well (grade 1)
Moderate (grade 2)
Poor (grade 3)

28
199
123

(8.0)
(56.9)
(35.1)

10
72
71

(6.5)
(47.1)
(46.4)

16
130
81

(7.0)
(57.3)
(35.7)

1
15
14

(3)
(50)
(47)

0.249

IQR = interquartile range, SD = standard deviation, LNR = lymph node ratio (positive lymph nodes / total no. 
of lymph nodes) ¥ insufficient data
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cent for ampullary cancer and 90 (n=27), 78 (n=18) and 73 (n=15) per cent for duodenal cancer. 
Median follow-up for pati ents was 23 months (IQR 12-48).

Predicti on tool for 3-year survival
Aft er univariable analysis the following predictors were tested in the multi variable cox regres-
sion analysis for pati ents with PDAC: sex, resecti on margin, metastasis, tumour diff erenti ati on, 
perineural growth, angioinvasion, LNR, and adjuvant therapy Table 3A. An R1 resecti on margin, 

	  
 
No. at risk 
(time) 

   
    0 

 
 12 

  
 24 

  
 36 

 
Duodenum 

   
   30 

 
 24 

  
 21 

  
 10 

Ampulla    227  192  145  88 
Distal CBD      153  108  71  37 
Pancreas    350  251  133  55 

 
 

figure 1: Kaplan-Meier plot of median survival in pati ents with pancreati c and periampullary cancer following 
pancreatoduodenectomy, strati fi ed for diagnosis.
CBD = common bile duct
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poor tumour differentiation, LNR and no adjuvant therapy were identified as predictive factors 
for death during 3-year follow-up and included in the nomogram (Figure 2). The baseline survival 
function S0(t) was 0.674. No association was found between the number of resected lymph nodes 
and survival. Proportional hazard assumption was not violated. The apparent Harrell’s c-statistic 

Table 3A. Multivariable Cox regression analysis for 3-year survival in patients with pancreatic cancer follow-
ing pancreatoduodenectomy.

Pancreatic cancer, n=350

hR (95% CI) P-value Beta

R1 resection margin 1.55 (1.07-2.25) 0.022 0.438

Tumor differentiation
Well (grade 1)
Moderate (grade 2)
Poor (grade 3)

1
1.20
2.78

(0.61-2.39)
(1.40-5.52)

<0.001
0.597
0.003

0.185
1.023

Perineural growth 1.02 (0.69-1.52) 0.907 0.024

Angioinvasion 1.25 (0.85-1.85) 0.263 0.224

LNR* 0
<0.18
>0.18

1
1.12
1.75

(0.64-1.95)
(1.13-2.70)

0.015
0.689
0.012

0.113
0.558

No adjuvant therapy 1.54 (1.01-2.34) 0.045 0.429

*HR 2.66 (95% CI) 1.39-5.08) when analysed as a continues factor, HR = hazard ratio, CI = confidence interval, 
NS = not significant, LNR = lymph node ratio (positive lymph nodes / total no. of lymph nodes)

Table 3B. Multivariable Cox regression analysis for 3-year survival in patients with periampullary cancer fol-
lowing pancreatoduodenectomy.

Distal CBD cancer, n=153 Ampullary cancer, n=227

hR (95% CI) P-value hR (95% CI) P-value

Jaundice NA 1.93 (1.07-3.48) 0.030

R1 resection margin 1.22 (0.76-1.97) 0.412 2.68 (1.75-4.10) <0.001

T M classification
T1
T2
T3
T4
M1

1
1.04
0.70
0.94
3.35

(0.51-2.13)
(0.35-1.41)
(0.29-3.07)
(0.43-26.3)

0.505
0.912
0.323
0.914
0.251

1
0.76
1.04
0.99
NA

(0.40-1.42)
(0.57-1.89)
(0.36-2.74)

0.667
0.385
0.899
0.991

Tumor differentiation
Well (grade 1)
Moderate (grade 2)
Poor (grade 3)

1
1.62
3.30

(0.49-5.31)
(1.02-10.6)

0.003
0.430
0.046

NA

LNR 4.51 (2.03-10.0) <0.001 7.82 (3.96-15.5) <0.001

Overall morbidity 0.77 (0.49-1.22) 0.270 NA

HR = hazard ratio, CI = confidence interval, NA = not in analysis, LNR = lymph node ratio (positive lymph nodes 
/ total no. of lymph nodes)
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for survival analysis was 0.665. Aft er correcti on for over-opti mism, the c-stati sti c was 0.658 (95 
per cent CI 0.632-0.698). The calibrati on of the model was good, Hosmer-Lemeshow chi-square 
test=5.667, p=0.773.
In pati ents with distal CBD cancer only poor tumour diff erenti ati on, HR 3.30 (95 per cent CI 1.02-
10.6) and increased LNR HR 4.51 (95 per cent CI 2.03-10), were associated with survival aft er 
multi variable cox regression analysis, an R1 resecti on was no predictor factor for survival aft er 
adjustment. No predicti on model was created. This in contrast to pati ents with ampullary cancer, 
an R1 resecti on increased the hazard of death during follow-up 2.68 ti mes. Jaundice and increased 
LNR were also predicti ve factors for poor survival in this group, the latt er being the most powerful 
predictor increasing the hazard of death 7.82 ti mes (Table 3B). In pati ents with distal CBD cancer 
jaundice was not associated with survival and in pati ents with ampullary cancer metastasis and 
morbidity were not associated with survival aft er univariable analysis and were therefore not 
analysed (NA) in the multi variable cox regression (Table 3B). Since data on perineural growth and 
angioinvasion was missing, no predicti on model was created.
The small case size of pati ents with duodenal cancer prevented further analysis.

lymph node rati o
LNR was a predictor for survival in pati ents with PDAC, distal CBD and ampullary cancer. The 
opti mal cut off  value for LNR was 0.18 in pati ents with PDAC. In pati ents with a LNR <0.18 survival 
was 26 months vs. 16 months in pati ents with a LNR of >0.18 (p<0.001). The opti mal cut off  value 

Resection margin

Tumour differentiation

Total points

Survival at 3 years (%)

R1

well

45

0

0 170 215

54 31267%

LNR
0

LNR 0

90 135

38 22
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Adjuvant treatment
no

45

250

1%
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100

<0.18
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0

R0

0
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figure 2: Nomogram for 3-year survival in pati ents with pancreati c ductal adenocarcinoma following pancre-
atoduodenectomy.
Points acquired for each of the four variables are added. At the total points axis a verti cal line to the survival 
axis will show 3-year survival probability in this cohort
LNR = lymph node rati o



113

Impact of lymph node ratio on survival in patients with pancreatic and periampullary cancer Chapter VI

for LNR in patients with distal CBD cancer was 0.19, survival was only 17 months when LNR >0.19. 
In ampullary cancer the most optimal cut off value was 0.23.
When analysing LNR in a categorical matter (LNR 0, >0-0.2, 0.2-0.4, >0.4, >0.8) median survival de-
creased from 26 to 7 months in patients with PDAC. Furthermore, when analysing LNR in patients 
with positive lymph nodes (LNR >0), a higher ratio was still associated with poor survival (p=0.02). 
These correlations were also seen in patients with distal CBD and ampullary cancer. No cut off 
for the minimal number of lymph nodes necessary was found using the Kaplan-Meier method. 
However, when analysing patients with 12 or more lymph nodes resected a high LNR becomes 
even more powerful for predicting poor survival (HR 10.98 (95 per cent CI 2.2-54.9)) and adjuvant 
chemotherapy and an R1 resection are no longer significant predictors of poor survival.

DISCuSSIon

In this cohort of 760 patients undergoing pancreatoduodenectomy for cancer, LNR was the com-
mon independent predictor of poor survival in both pancreatic, distal CBD and ampullary cancer 
following adjustment for various factors influencing survival including an R1 resection which was 
defined according to the current definition, tumour cells within 1 mm from the resection mar-
gin 13,15,17–22,25–29. In patients with PDAC, only poor tumour differentiation was a stronger predictor 
than LNR. An R1 resection and not receiving adjuvant therapy were also independently correlated 
with poor survival. In patients with distal CBD and ampullary cancer LNR was the strongest predic-
tive factor. Survival in patients with duodenal cancer could not be analysed due to the small case 
size.
This study provides an adequate sample size and multicollinearity was avoided revealing the 
true effect of LNR. This was not evident in previously published studies analysing LNR 18,26–28. The 
limitation of all studies describing the value of LNR including this present study is the retrospec-
tive nature and time frame. It is therefore important that prospective trials will focus on applying 
standardised pathology protocols, internationally accepted this to encourage the widespread use 
of the same protocol in order to compare different study populations.
In many studies LNR is the strongest predictor and superior to the number of positive lymph 
nodes examined 15–17,19,21. The influence of the total number of lymph nodes examined has 
been reported but was not supported by the present or other recent studies 15,20–22,42. Extended 
lymphadenectomy, harvesting more lymph nodes has also not proven to be beneficial 43. As 
demonstrated in this study, a relative low number of lymph nodes harvested still detected the 
prognostic value of LNR and a higher LNR was also associated with poor survival when analysed 
in node positive patients only. Number of node positive patients was within the range of rates 
reported in the abovementioned studies. Bearing in mind that both number of lymph nodes and 
node positive patients often differ between diagnoses. After analyses of patients in whom 12 or 
more lymph nodes were resected, a high LNR was the only predictive factor after adjustment for 
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tumour differentiation, resection margin and adjuvant treatment. And, despite the difference in 
total number of nodes removed, the optimal cut-off for LNR in patients with PDAC was consistent 
with the study published by House et al. emphasising the superiority of the ratio compared to 
the total number of lymph nodes removed 13. Similar results are reported which strengthens 
the value of this ratio that could possibly serve as an optimal cut-off in further studies 20,21. The 
relatively low number of lymph nodes harvested in this present study can partly be explained by 
the routine lymphadenectomy that has always been performed. Only regional lymph nodes were 
resected. Lymph nodes left of the SMA, around the celiac artery and para-aortal lymph nodes 
were not resected 44,45. However suspicious nodes, regardless of there location were sampled, 
and despite the on-going discussion, positive para-aortal lymph nodes were to be considered as 
distant metastases 46.
The negative predictive value of an R1 resection in patients with PDAC was confirmed in this 
cohort. Similar results were published only after the R1 definition was revised 42. Disparities 
regarding the influence of an R1 resection on survival are mainly due to the variety in definitions, 
interpretation and pathology examination and therefore preclude comparison of these studies 
concerning its predictive value 9,10,38,47,48. The foremost limitation of this study is the lack of a 
formal standard pathology examination protocol. However, macroscopic examination of Whipple 
specimen was performed in a standardized way throughout the study period according to the 
protocol decribed in the ‘Surgical pathology dissection guide’ by Westra et al. 37. Marking of all 
margins by the surgeon with different coloured beads and extensive sampling of the tumour 
in relation to relevant anatomical structures and the resection margins has been the standard 
procedure. In addition, all pathology reports have been reassessed according to the 7th TNM 
classification using the current R1 (<1mm margin) definition. Also, in the Netherlands potentially 
(borderline) resectable disease is nowadays defined as a tumour without metastasis, <90° involve-
ment of major arteries and <270° contact with the superior mesenteric/ portal vein without signs 
of occlusion (EudraCTnr: 2012-003181-40). Recently, the ISGPS (International Study Group of 
Pancreatic Surgery) adopted the classification by the National Comprehensive Cancer Network 49. 
During this study period resection criteria were much stricter. Patients eligible for resection could 
have had less extensive tumour growth compared to other populations; this explains a lower R1 
rate and may have influence overall survival. Variation in pathology results between studies may 
therefore imply that the resection status might not be a valuable objective predictor. LNR could 
be a more objective parameter compared to resection margin. This was also presented by Janot 
et al., although a small number of patients were analysed, the authors showed no impact on 
prognosis in patients with PDAC when applying the current R1 definition but the LNR remained a 
strong prognostic factor 50.
Adjuvant chemotherapy was the only prognostic factor that increased survival in patients with 
PDAC. Administering adjuvant chemotherapy should always be encouraged, and although the 
percentage of chemotherapy administered in this cohort was low (36 per cent), it is comparable 
with data from the Dutch national registry 51.
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Postoperative tumour staging is the most important factor in determining the patient’s prognosis. 
The ambiguity concerning the predictive value of LNR, and more so an R1 resection, is therefore 
worrisome. This present nomogram was created to specify the consequences of tumour charac-
teristics on patient’s prognosis by selecting only independent prognostic factors and simplify the 
nomogram published by Brennan and colleagues 8. The authors included variables that were not 
all independently associated with survival after multivariable analysis. However, specific biomark-
ers such as CA 19-9 might add an additional value to the nomogram 52,53.
In conclusion: this study clearly shows the importance of LNR in pancreatic and periampullary 
cancer. The nomogram created for patients with PDAC, including an R1 resection margin, poor 
tumour differentiation, LNR and no adjuvant therapy, has a sufficient predictive power for death 
during 3-year follow-up with a c-statistic of 0.658 (95 per cent CI 0.632-0.698) after internal 
validation and good calibration. LNR, an R1 resection, poor tumour differentiation and jaundice 
were important predictive factors for survival in pancreatic and periampullary cancer and should 
therefore be included during tumour staging in order to accurately determine prognosis of the 
patients.
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ABSTRACT

Introduction
Differentiation between R1 and R2 resection is often not applied in survival studies after non-
radical resections compared to bypass surgery in patients with pancreatic cancer. The aim of 
this study was to evaluate whether non-radical R1 and R2 resections have better postoperative 
outcomes and survival compared to a palliative bypass.

Methods
A single center cohort study was performed analyzing mortality, morbidity and 1-year survival 
after R1 (tumor cells within 1mm from the circumferential margin), R2 and bypass surgery in 
patients with pancreatic cancer. For the systematic review, studies were identified comparing R1 
or R2 resections with bypass, in patients with pancreatic cancer. Postoperative outcomes were 
compared including the cohort study.

Results
The cohort study (n=405) showed higher morbidity rates after R1 (n=191) and R2 (n=11) resections 
compared to bypass (52% and 73% vs. 34%, p<0.01). In-hospital mortality did not differ (overall 
1.7%). 1-year survival rates were 71%, 46% and 32% after R1, R2 resection and bypass (p=0.6 
between R2 and bypass). The systematic review identified 8 studies, after including the cohort 
study 1535 patients were analyzed. Increased morbidity after R1-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.

Conclusion
An R2 resection should be avoided in patients with pancreatic cancer due to its poor prognosis. 
Survival benefit after an R1 resection, as compared to bypass surgery, justifies a resection despite 
the increased morbidity rate.



123

Non-radical resection versus bypass procedure for pancreatic cancer Chapter VII

InTRoDuCTIon

The 5-year survival of patients with pancreatic cancer has shown little improvement over the past 
30 years 1. Approximately 80% of patients with pancreatic cancer are diagnosed with advanced or 
metastasized disease precluding curative perspective. Up to a third of the remaining 20% of pa-
tients eligible for surgical exploration, undergo a palliative bypass procedure due to non-curative 
options found during operation 2–4.
Long-term survival in patients following resection is associated with several prognostic factors 
such as tumor differentiation, lymph node ratio and adjuvant therapy 5–7. Positive resection 
margins are also known predictors for poor survival 5,8–13. Performing an R2 resection is still 
controversial because of minimal survival benefits and increased morbidity as compared to a 
palliative bypass. Although some studies comparing these two strategies show improved survival 
rates after non-radical resection 2,14–17, a systematic review analyzing the benefit of non-radical 
resections showed no improvement 18. Risk of surgical morbidity and mortality was increased in 
patients undergoing a resection (risk ratio [RR] 1.79, 95% CI 1.13-2.85 and RR 2.98, 95% CI 1.31-
6.75). Median survival varied from 5.1 to 11.5 months in patients who underwent non-radical 
resection and from 5.8 to 10.7 months in patients who underwent bypass surgery. However, the 
included studies differed in pathology criteria of resection margin, the presence of metastases 
and R1 and R2 resections were not analyzed separately. Therefore, in this study, applying the 
now generally accepted R1 definition (tumor cells within 1mm from the circumferential margin), 
a cohort of patients from a tertiary center with pancreatic cancer following an R1, R2 resection 
or palliative bypass procedure for pancreatic cancer without metastasis was compared separately 
to evaluate whether a non-radical R1 and R2 resection have better postoperative outcomes and 
survival compared to a palliative bypass. In order to place our findings in perspective a systematic 
review was performed of patients with pancreatic cancer following a R1, R2 resection or palliative 
bypass.

MeThoDS

Cohort study

Patients
From 1992 until 2012 we included all patients with a pancreatic adenocarcinoma who underwent 
surgical exploration with a curative intent for resection. Patients with microscopic (R1) or mac-
roscopic (R2) non-radical pancreatoduodenectomy were compared to patients who underwent 
bypass surgery due to locally advanced disease without metastasis.
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Surgical technique and pathology examination
Patients were eligible for resection when no evidence of metastasis or arterial involvement was 
found on computed tomography and venous involvement did not exceed 90° in the beginning of 
the study period, however this criteria evolved during the study period to 180° 19. Only regional 
lymph nodes were resected. Lymph nodes around the celiac artery, left of the SMA or para-aortal 
lymph nodes were only sent for frozen section when macroscopically abnormal. When tumor 
positive, these were to be considered as distant metastases and a palliative bypass was performed.
Pylorus-preserving pancreatoduodenectomy was the standard surgical procedure. Whipple-
Kausch procedure was performed when necessary to achieve a radical resection 20. An R2 resection 
was defined as the presence of macroscopic tumor residue after resection. No intentional elective 
R2 resections were performed or arterial resection and reconstructions. Patients diagnosed with 
locally advanced disease assessed during exploration were candidates for bypass procedures, i.e. 
a hepaticojejunostomy and/or gastrojejunostomy 21. Perioperative data was re-evaluated and all 
patients who underwent an R2 resection were independently identified by two authors: J.T. and 
W.E.
During pathological assessment circumferential margins were inked by the performing surgeon 
and sampled according to a standard protocol. Pathology findings were reported extensively and 
all reports were retrospectively re-evaluated and redefined according to the 7th edition of the 
TNM classification 22. An R1 resection margin was defined as microscopic presence of tumor cells 
within 1 mm from the circumferential margin.

Outcomes
Pre-, intra- and postoperative outcomes, and follow up data were extracted from a prospectively 
maintained database. Patient characteristics, the American Society of Anesthesiologists (ASA) 
score, pathological findings, postoperative morbidity, in-hospital mortality and length of hospital 
stay were analyzed. Pathology findings included primary tumor stage, lymph node involvement, 
metastasis, resection margin, tumor differentiation and tumor stage. Postoperative morbidity in-
cluded all surgical complications and were redefined after the ISGPS criteria were published 23–25; 
otherwise Clavien-Dindo ≥ 3 was used 26,27. Mortality was defined as death after surgery during 
initial hospital admission. Patients follow up ended at November 2013. Survival was calculated 
from date of surgery until death or last visit to the general practitioner. According to the Dutch 
oncology statements, since 2008, all patients with pancreatic cancer are eligible for adjuvant 
treatment with gemcitabine; neo-adjuvant treatment is not yet routine practice (www.oncoline.
nl). For this retrospective analysis of pre-existing anonymized data the Medical Ethical Committee 
concluded that no approval via informed consent was required.

Systematic review
This systematic review was conducted according to the Preferred Reporting Items for Systematic 
Reviews and Meta-analyses: the PRISMA statement 28.
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Study identification and selection
In November 2013 two comprehensive searches were performed using PubMed and Cochrane 
databases to identify studies comparing R1 resections with bypass surgery or R2 resections with 
bypass surgery, both without metastasis in patients with pancreatic adenocarcinoma. Search 
terms were a combination of the following terms for R1 vs. bypass: “palliative”, “non-radical”, 
“R1”, “pancreatic or pancreas”, “resection or surgery or debulking” and “bypass”. For R2 vs. 
bypass “R2” was used instead of the search term “R1”. Inclusion criteria were: human subjects 
with pancreatic adenocarcinoma; following an exploration with curative intent; patients who 
underwent an R1, R2 resection or bypass procedure without the presence of metastasis; mortal-
ity, morbidity or survival was reported in one of two resection groups and in the bypass group; 
English language. Related articles were evaluated and a cross-reference search was carried out. 
Only published data was included. Selection was performed independently by two authors: J.T 
and W.E.

Data collection
Primary outcome measures were morbidity, mortality and survival after R1, R2 or palliative 
bypass. All articles reporting on one of the main outcomes were included. Patient characteristics 
and postoperative outcome measures were extracted from included studies. One-year survival 
rates were obtained from Kaplan-Meier curves if not stated otherwise. Included studies were 
evaluated according to the Grading of Recommendations, Assessment, Development and Evalua-
tion (GRADE) recommended by the Cochrane Collaboration and risk of bias was reported for each 
individual study 29. For further data analysis this present cohort study was incorporated.

Statistical analysis
For statistical analysis of data from the cohort study IBM SPSS Statistics, version 20.0. (IBM Corp., 
Armonk, NY, United States) was used. Student T-test, Mann-Whitney U test and Chi-square test 
were used to analyze continuous and categorical data. Kaplan-Meier method was used to analyze 
survival from date of surgery until death or five years follow up was reached, with log-rank test to 
compare survival between patient groups and perform univariable analysis. Patients lost to follow 
up and in-hospital mortality were included in the analysis. The systematic review was performed 
using Review Manager (RevMan) (version 5.1. Copenhagen: The Nordic Cochrane Centre, The 
Cochrane Collaboration, 2011).

ReSulTS

Cohort study
A total of 1515 explorations were performed, 275 patients (18%) underwent (PP)PD for benign 
or pre-malignant diagnoses and were excluded. Pancreatoduodenectomy was performed in 760 
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out of 1240 pati ents (61%) for malignant lesions. The remaining 480 (39%) pati ents underwent 
palliati ve bypass surgery. Eventually 405 pati ents with pancreati c adenocarcinoma were included. 
191 pati ents (47%) underwent an R1 resecti on, 11 pati ents underwent an R2 resecti on (3%) and 
203 pati ents (50%) underwent a bypass procedure for local irresectability but without metastases 
(Figure 1). During the 21-year study period the amount of explorati ons increased from 52 in the 
fi rst fi ve years to 84 in the last fi ve years also more resecti ons and less bypass procedures were 
performed in the last 10 years compared to the fi rst years of this study (44% vs 55% resecti ons; 
p=0.03). No diff erences were seen over ti me in the performance of radical (R0) and non-radical 
(R1 and R2) resecti ons.
One hundred and seventy-fi ve out of 203 pati ents following bypass procedure underwent a 
double bypass, by hepati cojejunostomy and gastrojejunostomy. Twenty-seven out of 202 re-
sected pati ents underwent a Whipple procedure. Mean age was 64 years, 45% was female and 
62% of pati ents were classifi ed as ASA II. Pati ent characteristi cs did not diff er between groups. 
Overall morbidity rates were higher in pati ents following R1 and R2 resecti ons, 52% and 73% 
vs. 34% aft er bypass procedure (p<0.001). Common complicati ons reported aft er resecti on were 
delayed gastric emptying (28%), anastomoti c leakage (9%), wound infecti on (8%), and hemor-
rhage (6%). In pati ents following bypass procedure delayed gastric emptying was reported in 9%, 
wound infecti on in 6%, anastomoti c leakage in 3%, and postoperati ve bleeding in 2%. Mortality 
rates, 1% aft er resecti on and 2% aft er bypass procedure did not diff er. Hospital stay was longer 
in pati ents following resecti on (p<0.001). Thirty percent of pati ents following an R1 resecti on 

figure 1: Flowchart of all pati ents with a pancreati c and periampullary tumors undergoing surgical explora-
ti ons with a curati ve intent
*Diff erentati on between pancreati c or biliary tract type adenocarcinoma could not be made in all cases
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received adjuvant chemotherapy, this was 18% in patients following an R2 resection. Median 
survival following an R1 or R2 resection was resp. 17.4 and 8.5 months (p<0.001) and median 
survival following bypass procedure was 9 months. Patient characteristics and postoperative 
outcomes are depicted in Table 1. Survival curves showed a significant difference between R1 and 
R2 resections (p=0.009) and R1 and bypass patients (p<0.001) (Figure 2). No difference in survival 
was seen between R2 resections and bypass surgery (p=0.35).

Systematic review
The comprehensive searches for studies comparing R1 resection with bypass surgery and R2 
resections with bypass surgery yielded 429 and 414 studies, respectively. Six studies were eligible 
for inclusion comparing R1 to bypass 30–35. One of the included studies described a similar cohort 
to the present cohort study, which was incorporated in the analysis; therefore that particular 
study was not included 30. Three studies were included in quantitative synthesis comparing R2 

Table 1 Patient characteristics and postoperative outcomes following pancreatoduodenectomy or bypass 
procedure due to locally advanced pancreatic adenocarcinoma without metastasis

N=191
R1 resection

N=11
R2 resection

N=203
Bypass

P value
R1 vs. bypass

P value
R2 vs. bypass

Mean age (±SD), years 64 (10) 62 (8) 64 (10) 0.7 0.5

Females, n (%) 94 (49) 4 (36) 85 (42) 0.1 0.7

ASA classification, n (%)
 I
 II
 III/IV

40 (21)
118 (62)
33 (17)

2 (18)
9 (82)
-

35 (17)
122 (60)
46 (23)

0.3 0.2

Type of operation
 PPPD / Whipple
 Single / Double bypass

166 / 25
-

9 / 2
-

-
28 / 175

NA NA

Morbidity total, n (%) 100 (52) 8 (73) 69 (34) <0.001 0.01

Morbidity, surgical, n (%)
 Anastomotic leakage
 Haemorrhage
 Delayed gastric emptying
 Wound infection

80 (42)
18
12
55
14

5 (45)
1
-
2
2

37 (18)
6
4
19
12

<0.001 0.03

Mortality, n (%) 2 (1) 0 5 (2) 0.3 0.6

Hospital stay (IQR) 13 (10-20) 16 (11-21) 9 (7-12) <0.001 <0.001

Adjuvant treatment, n (%) 58 (30) 2 (18) - NA NA

Survival (median), months 17.4 8.5 9 <0.001 0.35

Survival rate (%)
1-year
3-year

71
23

46
0

32
2

<0.001
<0.001

0.6
0.9

ASA = American Society of Anesthesiologists classification, SD = standard deviation, IQR = interquartile range, 
NA= not in analysis.
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to bypass 14,33,36. The PRISMA fl owcharts are presented in the supplementary appendix (Figure 3 
and 4).
Study characteristi cs are depicted in Table 2. All studies were retrospecti ve and risk of bias was high 
(supplementary appendix Figure 5 and 6). All studies reported on pati ents with pancreati c cancer, 
aside from Reinders et al. 31 in which periampullary tumors were included. Resectability criteria 
and R1 defi niti on diff ered substanti ally. Variati on between adjuvant and palliati ve treatments 
within diff erent studies was high, adequate data was not available in 5 studies 14,33–35,present study. 
Diff erences in baseline characteristi cs are also summarized in Table 2.
R1 resecti on vs. bypass procedure
Six studies, including the present study, included 1109 pati ents, of whom 521 pati ents (47%) 
underwent an R1 resecti on and the remaining 588 pati ents (53%) a bypass procedure. Data are 
presented in Table 3. Morbidity following an R1 resecti on and bypass procedure was 48% and 
34%; mortality was 1.5% vs. 2.3 %. Median survival ranged from 14 to 18 months in pati ents 
following an R1 resecti on and 9 to 13 months in pati ents who underwent bypass procedure. One 
study did not report median survival 31.
R2 resecti on vs. bypass procedure
Four studies, including the present study, included 426 pati ents of whom 100 pati ents (23%) 
underwent an R2 resecti on and the remaining 326 pati ents (77%) a bypass procedure. Morbidity 

figure 2: Survival, in months, in pati ents with periampullary carcinoma following pancreatoduodenectomy, 
strati fi ed by resecti on margin (R1 or R2), or bypass procedure due to locally advanced disease without me-
tastasis (p<0.001).
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and mortality rates reported in all patients following an R2 resection or bypass procedure were 
48% vs. 30% and 5.6% vs. 2.8%, respectively. Median survival ranged from 8.5 to 11.5 months 
in patients following an R2 resection and 7.5 to 10.7 months in patients who underwent bypass 
procedure (Table 3).

DISCuSSIon

The present cohort study and systematic review demonstrated a 2-9 months longer survival 
after R1 resection as compared to palliative bypass in patients with non-metastasized pancreatic 
cancer with an increase in morbidity of >20% but no difference in-hospital mortality. There was 
no survival benefit after performing an R2 resection. This review strictly separated non-radical 
R1 and R2 resections and uses the current definition of an R1 resection, tumor cells present 
within 1 mm from the resection margin, in the cohort study. An R1 resection, which is reported 
in studies in up to 76% after resections with a “curative intent,” is not a deliberate choice of 
the surgeon 37. However, by performing an R2 resection tumor residue remains macroscopically. 
The term palliative pancreatoduodenectomy is often (mis)used for both R1 and R2 resections 
however the curative intent with these two types of resections is distinct. Many studies on pallia-
tive pancreatoduodenectomy described both R1 and R2 and reported favorable outcomes owing 
to the mixed results after resection with micro- or macroscopic tumor residue 9,15,16. And other 
studies did not exclude patients with metastasis 2,17,38,39. Kuhlmann et al. already stated that a 
palliative resection should only refer to an R2 resection 30.

Table 3 Postoperative outcomes in included studies on non-radical resection versus bypass procedure in pa-
tients with pancreatic carcinoma without metastasis

Authors Morbidity, n (%) Mortality, n (%) Median survival, months

R1 Bypass R1 Bypass R1 Bypass

Fusai 32 12 (30) 10 (31) 1 (3) 1 (3) 18 9

Konstantinidis 34 - - - - 14 11

Lavu 35 18 (49) - 0 0 15.6 13.2

Present study 100 (52) 69 (34) 2 (1) 5 (2) 17.4 9

Reinders 31 16 (44) 8 (33) 1 (3) 0 - -

Wellner 33 - - - - 18 10

R2 Bypass R2 Bypass R2 Bypass

Bochhorn 14 17 (43) 7 (18) 2 (5) 2 (5) 11.5 7.5

Köninger 36 18 (47) 10 (22) 3 (8) 1 (2) 10.7 10.7

Present study 8 (73) 69 (34) 0 5 (2) 8.5 9

Wellner 33 - - - - 9 10

- = not stated
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During this study period resection criteria in the beginning were very strict. R2 resections were 
not performed routinely according to the existing literature showing no benefit compared to a 
bypass procedure. In recent years surgeons have become more aggressive in achieving a resec-
tion in patients with pancreatic cancer and portal vein resection is generally accepted now in 
most countries worldwide, leading to a higher resection rate of R0 and R1 resections. No evidence 
is available to link the aggressive trend with higher R2 resection rates so far, but it is likely 36. 
However, aggressive surgery with resection of the mesenteric artery for the purpose of pursuing a 
radical resection has shown no survival benefit but increased mortality 40. And other new surgical 
treatment options might be considered in the future.
Neo-adjuvant treatment is aiming towards a higher rate of R0 resections and better survival and 
will play a more important role in the coming years 41–47. Adjuvant chemotherapy following pan-
creatic resection is well established after the CONKO, ESPAC trials and the previously published 
trial by Burris et al. 48–53. The recently published long-term results of the CONKO trial reported a 
doubled 5 and 10-year survival rate in patients receiving adjuvant gemcitabine as compared to 
observation, 20.7% vs. 10.4% and 12.2% vs. 7.7% respectively 54. A recent trial (JASPAC 01) com-
paring gemcitabine with S-1 (a novel oral fluoropyrimidine agent) showed promising results for 
the latter chemotherapy 55. For more advanced disease (following an R2 resection) several treat-
ments have shown good results i.e. folfirinox or a combination of gemcitabine with capecitabine, 
with S-1, with axitinib or with erlotinib 56–60.
This present study has several limitations. Data on chemo/radiotherapy were scarce and difficult 
to interpret its influence on the survival of patients included in this analysis. Furthermore, the 
new R1 definition was retrospectively imposed on the specimens. Despite these limitations 
and the high risk of bias reported in the included studies, these data represents today’s clinical 
practice. In our specific situation during the study period the team of pancreatic surgeons did 
not change, and the basic pathological staining of margins and the sampling of the tumour in 
relation to relevant anatomical structures and the resection margins essentially did not change. 
Furthermore, every specimen was marked by the surgeon at the operating room. All pathology 
reports were reassessed by a clinician and pathologist and in contrast to other studies the <1mm 
rule for defining an R1 resection was used.

Conclusion
The survival benefit after an R1 resection (<1mm definition), as compared to bypass surgery, is 
substantial and, despite an increase in postoperative morbidity, justifies this resection. An R2 
resection does not improve prognosis in patients with pancreatic cancer as compared to bypass 
surgery and should be avoided.
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ABSTRACT

Centralization of complex upper GI surgery and the effect on postoperative outcomes, especially 
mortality, has been reported extensively in the literature. In this review the highest level of evi-
dence on the volume outcome relationship is discussed together with other important aspects 
that can influence postoperative outcomes. 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 described the effect of hospital and/or 
surgeon volume on mortality. The majority of reviews (> 90%) showed a lower mortality in high 
volume hospitals. This correlation was also reported when analyzing the different GI procedures 
separately for esophageal, gastric, hepatic and pancreatic tumors.
The volume discussion has limitations and therefore the relationship between hospital structure 
and process of care in hospitals and the outcome of surgery has 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.
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InTRoDuCTIon

During the past decade regionalization, specialization and centralization of high complex esopha-
geal and hepato-pancreatico-biliary (HPB) surgery has been discussed extensively and led to 
numerous publications from different parts of the world about the impact of high hospital and 
surgeon volume 1–7. Complex surgical procedures are still performed in low volume hospitals but 
generally need an extensive multidisciplinary approach (MA). Different aspects of the hospital 
structures such as the intensive care unit, 24x7 interventional radiology, anaesthesiology, experi-
enced surgeons and gastroenterologist as well as the process of care are involved in the outcome 
of the treatment. Post operative morbidity and mortality are directly influenced by these dif-
ferent aspects 8.In some countries consensus has been reached concerning the impact of high 
volume and highly specialized hospitals on mortality and regulations are installed 9–11. Mortality 
rates have dropped significantly over time in esophageal and HPB surgery after centralization 7,12. 
Nevertheless others and in particular some low volume hospitals and surgeons report similar 
outcomes 13.
In this narrative review the impact of hospital volume and surgeon volume on mortality and 
survival of patients undergoing upper gastrointestinal (GI) surgery will be discussed. The aim 
was to review the literature on centralization of upper GI surgery by summarizing all systematic 
reviews investigating the relationship between volume and outcome. Do high volume centres 
and surgeons result in better outcomes after surgery and is this reported in all different upper GI 
surgical procedures? A distinction was made between reviews that reported risk-adjusted studies 
and non-adjusted studies. Important hospital structures and process of care that can influence 
patient outcomes will also be summarized shortly.

MeThoDS

A literature search was conducted of Medline, Embase and the Cochrane Library from 1980 to 
2012, using the keywords “hospital,” “surgeon,” “volume,” and “outcome”. Mesh terms were 
included. To ensure the highest quality of evidence the search was limited to systematic reviews 
and meta-analysis. Only English language articles were selected. References of the included 
articles were checked to ensure no systematic review or meta-analysis was missed.
We included those studies that analysed an association between hospital volume and/or surgeon 
volume and one of the next mentioned postoperative outcomes: mortality, morbidity, length 
of hospital stay or survival. Studies were only valuable for this review if it contained upper GI 
surgery; esophageal, gastric, hepatic or pancreatic surgery, and analyzed at least three articles 
on the subject. Systematic reviews describing more than one type of surgery, data were analyzed 
separately. All studies were analyzed independently for different criteria: study period, number 
of included patients, source of data, cut off points for high and low volumes and significant differ-
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ences in postoperative outcomes between high and low volume hospitals and surgeons. Reviews 
discussing the same studies were not excluded.
The effect of high volume on outcome parameters mortality and survival was analyzed separately 
for non-adjusted and adjusted reviews. Non adjusted studies do not take the patient or disease 
characteristics into account and results can therefore differ from results seen in adjusted studies. 
If a review contained adjusted as well as non-adjusted studies, the data was analyzed separately. 
The complexity of an operation influences postoperative outcomes, though liver resections can 
vary widely from minor wedge resection to extended hemihepatectomy. Therefore variables used 
for risk adjustment were screened for type of operation.
Results were stated as mortality rates (percentages), median difference between mortality rates 
(percentages), odds ratios (OR), number needed to treat to prevent one death (NNT) and hazard 
ratios (HR),
This review was divided into different subheadings: centralisation of esophageal surgery, gastric 
surgery, liver surgery and pancreatic surgery followed by a discussion on volume and other aspects 
of quality of care suchs as hospital structure and process that can affect postoperative outcomes.

ReSulTS

The search identified 28326 studies, after limiting the search to systematic reviews and/or 
meta-analyses 585 reviews remained. After screening titles and abstract, 12 systematic reviews 
remained of use, a meta-analysis was performed in four reviews (Table 1) 3,14–24. All eligible studies 
were in English.
The study period varied from 1957 till 2011. Per site of diagnosis a minimum of three and a 
maximum of 34 studies were included in the systematic reviews. The amount of patients in the 
different reviews varied from 19688 to 150473, some did not state the number of patients. Nine 
reviews included studies that used administrative databases for patient information. The studies 
in two reviews used both administrative and clinical databases and in one review the source of 
information was not stated.
All reviews described the effect of hospital and/or surgeon volume on mortality and the effect of 
volume on patient survival was described in two reviews. Three reviews described postoperative 
morbidity and three the length of hospital stay. Four reviews solely described pancreatic surgery; 
three reviews described esophageal surgery and one liver surgery. The remaining four reviews 
described multiple oncological diagnoses. All reviews were heterogeneous; the studies included 
in the reviews varied widely in high and low volume definitions and case mix factors. Pooling of 
data in this paper was therefore not justified.
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Centralization of esophageal surgery
Seven systematic reviews investigated the effect of volume on mortality after esophageal surgery 
(esophagus and cardia resection); hospital volume was analyzed in three reviews and hospital and 
surgeon volume in four 15–18,21,22,24. Two reviews with non-adjusted mortality rates are summarized 
in table 2a and five reviews with risk adjusted studies in table 2b.

Volume and mortality (non-adjusted data)
The cutoff points for high and low volume varied markedly (table 2a). One systematic review did 
not state cutoff points but reported a significant decrease in mortality rates in the high volume 
hospitals (HVH) and high volume surgeons (HVS) 18. The second review concluded that esophageal 
surgery in HVH had better outcomes compared with LVH (low volume hospitals) regarding mortal-
ity, without exact data 22.

Volume and mortality (adjusted data)
Cutoff points varied widely in the five reviews containing adjusted data 15–17,21,24. Only Metzger et 
al. defined four different levels of volume: less than 5, between 5-10, 11-20 and more than 20 
resections per year. In their meta-analysis high volume hospitals showed lower mortality rates, 
OR 0.43 (0.31-0.58 95% CI) 16. All studies included by Halm et al. reported a significant association 
between high volume and low mortality 15. A third review calculated the NNT and report that 
seven to nine resections need to be performed in a high volume centre to prevent one death 17. 
Another review performed a meta-analysis of non-adjusted data and summarized the adjusted 
mortality data, significantly lower mortality was reported in high volume hospitals and high 
volume surgeons 21. The last review also performed a meta-analysis and a significant association 
between high volume and low mortality was found, OR=0.29 (p<0.001) 24. No significant differ-
ence was found in length of hospital stay, neither in postoperative complications. Results are 
summarized in table 2b.

Table 2 Studies describing the association between volume and mortality after esophageal surgery
a. non-adjusted data

Author and year of 
publication

Studies with 
significant 
results

Cutoff high and low 
volume+

Results: association between volume 
and mortality

Burgers
2007

13/14 NS* Mortality rate HVH: 5.9%^

Mortality rate LVH: 15%^

Mortality rate HVS: 3.3%^

Mortality rate LVS: 9.6%^

Lauder
2010

20/27 Variable
Low volume: 2-32
High volume: 3-236

Upper GI surgery in HVH have better 
outcomes compared with LVH

+Resections per year
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Volume and survival
Although better postoperative outcomes are described in most high volume hospitals Gruen et 
al. did not show a benefit in survival after esophagectomies in high volume centres (HR=1.01) 21. 
However, high surgeon volume was associated with better survival (HR0.92; 0.85-0.99 95% confi-
dence interval (CI)). No other reviews discussed survival as an outcome measure (table 3).

Centralization of gastric surgery
The impact of volume on mortality after gastric surgery was reported in four systematic re-
views 15,17,18,21. Hospital volume and surgeon volume was analyzed in all reviews, survival was also 
reported as an outcome in one review. Type of resection was not specified. The reviews described 
a total of 38 studies of which 24 reported a significant correlation between volume and outcome. 
Over 70% of the studies with significant outcomes analyzed hospital volume only.

Table 2 (continued)
b. adjusted data

Author and year of 
publication

Studies with 
adjusted data 
and significant 
results

Cutoff high and low 
volume+

Results: association between volume 
and mortality*

Halm
2002

3/3 Variable
Low volume: 5-10
High volume: 11-200

Median absolute difference in 
mortality between LVH and HVH: 
12%^

Metzger
2004

13/13 Very low volume: <5
Low volume: >5
Medium volume: >10
High volume: >20

Difference in median mortality rates:
Very low volume: 18%
Low volume: 13.8%
Medium volume: 11%
High volume: 4.9%, OR 0.43, 0.31-
0.58

Killeen
2005

9/10 Variable
Low volume: 3-32
High volume: 8-60

NNT to prevent 1 death: 7-9¶

Gruen
2009

21/26$ Low volume: 1-4#

High volume: >13
First study on the effect of volume on 
mortality:
HVS: OR 0.6, 0.36-0.99^

Second study:
HVS: OR 1.8, 1.13-2.87^

HVH: OR 1.67, 1.02-2.73^

Markar
2012

6/9 Variable
Low volume: 1-22
High volume: 4-81

In-hospital mortality is increased 
in LVH compared to HVH, OR 0.29, 
0.16-0.53^

+Resections per year *NS: not stated LVH=low volume hospital, HVH=high volume hospital, LVS=low volume 
surgeon, HVS= high volume surgeon*OR= Odds ratio, 95% confidence interval ¶NNT= number needed to treat 
$Two studies used for adjusted mortality risk #Based on one study
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Volume and mortality (non-adjusted data)
One systematic review presented non-adjusted data, an overall decrease of 7% mortality in 
high volume centers was reported, no association was found between mortality and surgeon 
volume 18.

Volume and mortality and survival (adjusted data)
Three reviews with adjusted data are stated in table 4 15,17,21.

Table 3 Study describing the association between volume and survival after esophageal surgery (adjusted 
data).

Author 
and year of 
publication

Included 
studies

Volume variable Adjusted for Results: association between volume 
and survival*

Gruen
2009

1 Hospital volume
Surgical volume

Age, stage of disease, 
co morbidities, hospital 
and surgeon volume 
and clustering effects

Hospital volume: HR=1.01, 0.96-1.05
Surgical volume: HR=0.92, 0.85-0.99

*HR=Hazard ratio, 95% confidence interval

Table 4. Studies describing the association between volume, mortality and survival after gastric surgery (ad-
justed data).

Author and year of 
publication

Studies with adjusted 
data and significant 
results

Cutoff high and low 
volume+

Results: association between volume 
and mortality*

Halm
2002

2/3 Variable
Low volume: 5-15
High volume: 15-201

Median absolute difference in 
mortality between
LVH and HVH: 6.5%^

LVS and HVS: 4%^

Killeen
2005

3/5 Variable
Low volume: 5-26
High volume: 9-67

Mortality reduction of 1-6%
NNT to prevent 1 death: 20-100 
patients

Gruen
2009

14/20$ Low volume: 1-54 #

High volume: 55-496
First study
Effect of volume on mortality:
HVS: OR 0.59, 0.32-1.07^

Effect of volume on survival:
HVH: HR 0.93, 0.89-0.98^

Second study:
Hospital volume low-high: 11.3 - 3.7%, 
P<0.001
Surgeon volume low-high: 12.3 - 3.2%, 
P<0.001

+Resections per year *OR= Odds ratio, 95% confidence interval, HR= Hazard ratio, 95% confidence interval 
^LVH=low volume hospital, HVH=high volume hospital, LVS=low volume surgeon, HVS= high volume surgeon 
$Two studies used for adjusted mortality risk #Based on one study
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Two systematic reviews report a significant effect of high hospital and surgeon volume on mortal-
ity 15,17. The third review includes two studies which were used to calculate the volume effect on 
mortality and survival 21. The first study did not reveal a significant relationship between volume 
and mortality, they did however report a better survival rate (HVH HR=0.93). The second study 
reported a significant decrease of mortality in high volume centres.

Centralization of liver surgery

Volume, mortality and survival (adjusted data)
Two systematic reviews report the association between volume and postoperative outcome after 
liver surgery (table 5) 20,21. Both reviews reported risk adjusted data and have variable high and 
low volume cutoff definitions. In the first review 50% of the included studies showed a significant 
effect of high volume on mortality rates. Mortality rates were adjusted for patient characteristics, 
not for type of operation. Partial hepatectomy and lobectomy were performed in most patients. 
All studies in the second review report an association between high hospital volume and lower 
mortality. Type of resection was not specified in this review. None of the reviews discussed sur-
vival as an outcome measure.

Table 5. Studies describing the association between volume and mortality after liver surgery (adjusted data).

Author and year of 
publication

Studies with 
adjusted data and 
significant results

Cutoff high and low 
volume+

Results: association between 
volume and mortality*

Garcea
2009

5/10 Variable
Low volume: 1-60
High volume: 10-201

Mortality rate HVH: 1.5-9.4%^

Mortality rate LVH: 5.8-22.7%^

Gruen
2009

11/11 Variable#

Low volume: 1-5
High volume: >34

Effect of volume on mortality:
OR=0.77 (0.72-0.83 95% CI)$

NNT of 11
+Resections per year *Odds ratio, 95% confidence interval ^LVH=low volume hospital, HVH=high volume hos-
pital, LVS=low volume surgeon, HVS= high volume surgeon #Based on 10 studies $Based on non-adjusted data

Centralization of pancreatic surgery
Eight systematic reviews investigated the effect of volume on mortality after pancreatic 
surgery; hospital volume was analyzed in three reviews and hospital and surgeon volume in 
five 3,14,15,17–19,21,23. Type of resection was not specified in most reviews. Reviews with non-adjusted 
mortality rates are summarized in table 6a and risk adjusted studies in table 6b.

Volume and mortality (non-adjusted data)
The cutoff points for low and high volume varied markedly between the reviews. Only van Heek 
et al. used 4 cut off points: 2, 5, 10 and 20 resections per year 3. All reviews reported a significant 
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decrease in mortality rates in high volume hospitals or surgeons. Decreased mortality rates, re-
duced relative risk or number needed to treat (NNT) to prevent one death were stated to indicate 
the effect of high volume versus low volume (table 6a).

Table 6. Studies describing the association between volume and mortality after pancreatic surgery
a. non-adjusted data

Author and year of 
publication

Studies with 
significant results

Cutoff high and low 
volume+

Results: association between 
volume and mortality

Halm
2002

9/10 Variable
Low volume: 1-22
High volume: 3-200

Median absolute difference in 
mortality between
LVH and HVH: 13%$

LVS and HVS: 7%$

Van Heek
2005

9/12 4 cutoff points: 2, 5, 10, 20 RR HVH: 0.07-0.15^

Killeen
2005

11/11 Variable
Low volume: 1-22
High volume: 4-81

NNT in HVH to prevent 1 death: 
10-15#

Burgers
2007

6/7 NS* Mortality rate HVH: 5.4%$

Mortality rate LVH: 13.8%$

Mortality rate LVS: 9%$

Mortality rate HVS: 10.1%$

Chowdhury
2007

17/20 Variable
Low volume: 1-21
High volume: 5-50

NNT to achieve better outcomes: 
50#

b. adjusted data

Author and year of 
publication

Studies with 
adjusted data and 
significant results

Cutoff high and low 
volume+

Results: association between 
volume and mortality*

Dudley
2000

1/8 Low volume: 1-6$ 1 / year: OR=5.00, 2.54-9.84
5-6 / year: OR=3.08, 1.66-5.70

Gruen
2009

23/30# Low volume: 1-3$

High volume: 4-13
First study on the effect of 
volume on mortality:
HVH: OR=1.1, 0.54-2.59^

HVS: OR=0.9, 0.31-2.37^

Second study:
HVH: OR=2.34, 1.38-3.99^

HVS: OR=2.31, 1.43-3.72^

Gooijker
2011

9/14 Variable
Low volume: 1-5
High volume: 7-89

Pooled data
Effect of volume on mortality:
HVH: OR=0.32, 0.16-0.64^

HVS: OR=0.46, 0.17-1.26^

+Resections per year $LVH=low volume hospital, HVH=high volume hospital, LVS=low volume surgeon, HVS= 
high volume surgeon ^RR= relative risk #NNT= number needed to treat *NS: not stated *OR=Odds ratio, 95% 
confidence interval $Based on one study #Two studies used for adjusted mortality risk
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Volume and mortality (adjusted data)
Three systematic reviews reported adjusted mortality rates (Table 5b) 14,21,23. Dudley et al. reports 
one adjusted study with mortality rates of 14.1% in low volume hospitals (1-5 resections per year) 
and 3.5% in high volume hospitals (>50 resections per year) (P<0.001) 14.
Gruen et al. described one adjusted study with no significant association between operative 
mortality and hospital or surgeon volume and another study in which surgical mortality was inde-
pendently associated with hospital volume and surgeon volume, OR=2.34 and 2.31 respectively 
[21]. The third review performed a meta-analysis and reported a significant association between 
surgical mortality and hospital volume (OR 0.32), no association was found between mortality 
and surgeon volume 23.

Volume and survival
Two systematic reviews also assessed the effect of volume on both mortality and patient survival 
(Table 7) 21,23. Risk adjustment criteria are summarized in the table. Both reviews showed a sig-
nificant better survival rate in high volume hospitals, no association was found between survival 
and surgeon volume.

Table 7 Studies describing the association between volume and survival after pancreatic surgery (adjusted 
data).

Author and year 
of publication

Included 
studies

Volume variable Adjusted for Results: association between 
volume and survival*

Gruen
2009

1 Hospital volume
Surgical volume

Age, stage of disease, 
co morbidities, hospital 
and surgeon volume and 
clustering effects

High volume Hospital:
HR=0.88, 0.83-0.93
High volume Surgeon:
HR=1.03, 0.91-1.17

Gooijker
2011

2 Hospital volume Co morbidities, stage of 
disease, admission acuity

Pooled data High volume 
Hospital:
HR=0.79, 0.70-0.89

*HR=Hazard ratio, 95% confidence interval

DISCuSSIon

This extensive summary of systematic reviews and meta-analyses on the impact of high hospital 
and surgeon volume of complex upper GI surgery on postoperative outcome clearly showed that 
hospital volume and surgeon volume are the most recognized variables to be correlated with 
hospital mortality and survival. The majority of reviews on upper GI surgery (> 90%) and high 
volume versus low volume hospitals showed a lower mortality in high volume hospitals. Some 
reviews included the same studies, but despite this overlap the volume-outcome relationship 
was also found analyzing the different GI procedures separately: esophageal, gastric, liver and 
pancreatic surgery. Although heterogeneity is seen in high and low volume definitions between 
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the included reviews, the vast difference between the categories high and low volume in every 
review is similar. This explains the similar results and conclusions in the reviews.
The older studies were criticized for using clinical data without risk adjustment but after evaluating 
studies using risk adjustment, significant lower mortality in high volume hospitals was found 23. An 
important aspect for postoperative outcomes is the type of operation and its complexity. Esopha-
geal and pancreatic resections are generally complex but liver surgery varies from small wedge 
resections to extended hemihepatectomies. Therefore type of operation should be taken into 
account when calculating mortality rates, though often it is not stated and not included in the risk 
adjustment. A study from the USA already showed that the hospitals’ ranking by mortality rates 
might change enormously when using risk adjusted mortality rates compared to non-adjusted 
rates 25. So currently analysis of risk adjusted data should become the standard.
It might be questioned if volume is the only or most important factor for reduction of mortality. A 
recent study evaluated hospital mortality for 5 different groups of hospitals, assigned according to 
quintiles of hospital mortality varying from 3.5% to 6.9%, and analyzed the rates of all complica-
tions, major complications and death in these five categories. No significant difference in total 
and major complications was shown in those hospitals, but significant differences in mortality 
of patients with major complications were found ranging from 12.5% up to 21.4% due to more 
adequate management of these complications 26. This is an argument that, besides surgeons 
experience, the basic hospital resources and hospital processes might play an important role in 
postoperative outcomes.
Hospital volume versus aspects of the hospital structure and process of care
Birkmeyer already reported extensively about the conceptual model of the relationship between 
the structure and process of care in hospitals and the outcome of surgery 8,26. An adapted model 
with extra attention for the role of the multidisciplinary approach (MA) in different parts of the 
care process together with the generally accepted outcome score of postoperative complications 
in the Netherlands 27 is summarized in figure 1.
The different ‘hospital resources’ are not only important for management of complications in 
GI surgery, but also for prevention of complications. In particular for patients undergoing high 
risk surgery, who will need more complex perioperative care as well as complex management of 
severe life threatening complications.
For example it has been shown that the relative risk for hospital mortality with high-intensity 
ICU staffing is lower 0.71 (95% CI 0.62-0.82) compared with low intensity ICU staffing 28. The 
same has been shown for nursing staffing and up to date technology and equipment on ICU and 
surgical wards 29. The importance of other hospital specialities such as interventional radiologists, 
interventional endoscopists, anaesthesiologists, cardiology services, pain management team etc. 
have been reported previously 30. The structure and adequate resources of a hospital are crucial 
as the facilitating factor for an optimal process of care.
The process of care reflects different aspects starting with patient selection, screening and evalu-
ation before a surgical procedure. In fact, there should be a clear general accepted (evidence 
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based) guideline for preoperati ve work up of these pati ents and well defi ned criteria to accept 
pati ents for a surgical procedure. Discussing all pati ents in a multi disciplinary meeti ng for the 
indicati on of surgery also prevents bias in selecti on due to “surgeon related aspects” and gives 
another opportunity to evaluate all imaging studies and screen for diff erent anatomical varia-
ti ons, important for the surgical procedure 31.
All pati ents should have a pre-assessment by the anaesthesiologist before the pati ent is accepted 
for surgery and a checklist should be used to control the completeness of the diff erent preopera-
ti ve aspects 32,33.
Another important factor to prevent complicati ons is to reach a certain standard for the peri and 
intra operati ve care and the surgical procedure. There is a wide variati on of measures ranging 
from prophylaxis for venous thromboembolism, conti nuous use of cardiac medicati on, anti bioti c 
prophylaxis, nutriti onal support etc. Other measurements should also include aspects of the 
organizati on, such as preoperati ve control of instruments, counti ng gauzes, etc. Currently the 
checklist, including Time Out procedure, is introduced routi nely in The Netherlands to facilitate 
this process 33.
The multi disciplinary approach is also important during ward rounds for opti mal interacti on with 
general medical staff  for medicati on, bacteriologists for anti bioti c interventi on and anaesthesi-
ologists for pain management.

figure 1: Relati on between structure and process of care and outcome in terms of complicati ons and mortal-
ity. Adapted from the conceptual model from J.D. Birkmeyer, Ann Rev Med 8 and according to the Nati onal 
Surgical Complicati on Registry in The Netherlands 27.



153

Centralization of high complex low volume procedures in upper GI surgery Chapter VIII

Finally the potential relation between high volume hospitals and the structure and process of care 
in those hospitals might influence the volume-outcome relationship in the above summarized 
studies.
In conclusion: This extensive summary of systematic reviews and meta-analyses on the impact of 
hospital volume on outcome after complex upper GI surgery clearly showed that hospital volume 
and surgeon volume are the most recognized variables to be correlated with mortality. Other 
aspects besides hospital volume and surgeons experience such as the basic hospital resources/
structure and hospital processes might even play a more important role in outcome and mortality.
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ABSTRACT

Introduction
High volume hospitals and surgeons report the lowest mortality rates after complex surgery. 
There is ongoing discussion about the impact of volume and experience of the surgeon on the 
high quality of care versus the role of hospital structure and process of care and the influence 
of a multidisciplinary team (MDT). The aim of this study was to evaluate the effect of weekly 
multidisciplinary meetings during preoperative and postoperative patient care.

Methods
During a 15 week period a consecutive group of patients with complex gastrointestinal pathology 
were prospectively registered at the weekly preoperative outpatient MDT meeting of the Gastro-
intestinal Oncology Center Amsterdam. A separate cohort of patients presented at the postopera-
tive MDT meeting on the surgical ward was included, Preoperative changes in treatment strategy 
set by the referring hospital and additional findings by the MDT were scored. Suggestions of the 
MDT regarding postoperative management during admission were also recorded.

Results
Of 128 patients, 41 were referred for a specific treatment strategy set by the referring hospital. 
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 
ongoing treatment 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 (10%) patients and of postopera-
tive complications in 27 (18%) patients.

Conclusion
A multidisciplinary team approach during pre and post-operative meetings for patients with 
complex GI pathology led to alterations of the initial treatment strategy proposed by the referring 
hospital in 34% of patients and to additions to postoperative treatment on the surgical ward in 
28% of patients. These findings underscore the substantial effects of the MDT concept on treat-
ment strategy of such complex patients.
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InTRoDuCTIon

When analysing outcomes in patients receiving complex surgery and perioperative care, high 
volume hospitals and surgeons are associated with low mortality rates 1–3. These data have led 
to centralisation of complex surgery and resulted in a decrease in mortality rates after pancreatic 
and oesophageal surgery 4–7. Beside volume, other aspects of care such as hospital structures 
as well as the local processes of care are associated with the outcome and quality of care as 
demonstrated by Birkmeyer et al. 8. According to their conceptual model the association between 
hospital structure, processes and outcomes become visible as shown in Figure 1 8,9. The different 
outcomes have been expanded in this model to depict which processes are associated with the 
occurrence of complications and recovery after surgery. This was done in accordance with the 
previously published complication grading system in the Netherlands 10.
Hospital structures, facilities and availability such as fully equipped operating rooms, intensive 
care unit, interventional radiology and endoscopy, specialised surgeons, anaesthesiologists, 
microbiologists and nursing staff, and the high quality of every discipline are a prerequisite for 
quality of care. Furthermore, hospital processes and collaboration between different disciplines 
definitively have an impact on patient outcome. Processes involving patient screening, preven-
tion and treatment of complications will directly influence the outcomes when not executed 
adequately 8,11,12. However, these correlations are difficult to quantify resulting in limited data 
demonstrating any effect of these factors on patient outcomes.
The multidisciplinary team approach of hospital processes has been given much attention at our 
tertiary hospital 13. This resulted in the establishment of a multidisciplinary outpatient clinic for 
preoperative analysis in gastrointestinal (GI) oncology. In the setting of this single location and 
function, all different disciplines are concentrated around the patient. An MDT meeting also took 
place postoperatively on the GI surgical ward. This MDT was recently expanded with additional, 
non-surgical professionals such as physicians and microbiologists. Apart from the daily surgical 
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figure 1: Association between hospital structure, process and outcome after surgery 9 (according to the con-
ceptual model of Birkmeyer et al. 8)
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rounds, all patients admitted to the ward are discussed in this MDT once a week and changes in 
postoperative treatment are directly implemented in order to enhance recovery.
The aim of this study was to evaluate the effect of this MDT strategy during the preoperative and 
postoperative treatment phases of surgical patients with complex GI pathology. The suggestions 
made during the MDT meetings resulting in changes of the initial treatment were recorded in 
order to assess the effect of these MDT meetings.

MeThoDS

A study was conducted at our tertiary hospital, comprising two separate consecutive patient 
cohorts which were registered and analysed during the pre- and postoperative weekly MDT 
meetings over a period of 15 weeks.

Preoperative MDT
During the preoperative MDT meetings, patients referred with a suspicious periampullary or 
pancreatic malignancy (group A) were prospectively registered at the multidisciplinary outpatient 
clinic at the gastrointestinal (GI) oncology center Amsterdam (GIOCA). Patients were referred to 
the outpatient clinic with a diagnosis and specific treatment strategy proposed by the referring 
hospital or referring physician. At the GIOCA meeting, the member of the team who had seen the 
patient presented all available patient data. The MDT consisting of dedicated surgeons and physi-
cians from several specialties, together evaluated and discussed all patient data and proposed by 
consensus, a treatment strategy based on the patient profile and existing diagnostic examinations 
as well as additional tests when indicated, all completed in one day. The diagnosis and treatment 
strategy was compared with the diagnosis and specific treatment ploan proposed by the refer-
ring hospital or referring physician. Alterations in diagnosis and treatment were recorded and 
analysed. To confirm the definitive (pathology) diagnosis, patients were re-evaluated after 1-year 
follow-up. The MDT included (interventional) radiologists, gastroenterologists, radiotherapy and 
nuclear medicine physicians, pathologists, oncologists and surgeons all in one setting around the 
patient.
This study was performed to assess the impact of an MDT in the preoperative evaluation and 
screening of patients.

Postoperative MDT
During this same study-period all patients admitted to the GI surgical ward were registered during 
the weekly postoperative MDT meetings (group B). This meeting did not include the postoperative 
oncological treatment strategy, which was based on protocols and current literature, but was fo-
cussed on the recovery, prevention and treatment of complications during postoperative hospital 
stay. The MDT originally included nursing staff, dieticians and surgeons. This group was expanded 
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with physicians from the internal medicine department and microbiologists. The postoperative 
treatment strategy for every individual patient was discussed during these MDT meetings. Any 
addition or alteration concerning the treatment suggested by the additional (non-surgical) MDT 
members, were recorded. The type of suggestion was also registered: either a remark without 
alteration of treatment or a remark leading to a change of treatment strategy. Patients’, patho-
logical and postoperative characteristics were collected.
This postoperative study was performed to assess the influence of adding additional, non-surgical 
members to an existing MDT during patient management postoperatively.

ReSulTS

Preoperative MDT meeting (Group A)
During the study period 128 patients were registered during the GIOCA outpatient clinics and MDT 
meetings. Patients’ characteristics are depicted in Table 1. Eighty-seven patients were referred 
to our tertiary hospital for advice or consideration of treatment of a suspicious periampullary 
or pancreatic lesion. Forty-one patients were referred with a specific diagnosis and treatment 
strategy proposed by the referring hospital/physician. In 14 out of 41 patients (34%), the MDT al-
tered this diagnosis and treatment option during the preoperative meeting. Three patients were 
referred for endoscopic excision or follow-up treatment of a benign lesion, however, the MDT 
considered this lesion as suspicious for malignancy and resection was advised and subsequently 
carried out in our institution. Conversely, in six patients with a proposed diagnosis of malignancy, 

Table 1. Characteristics of patients discussed during the preoperative MDT meeting

Patients– n 128

Age, years (IQR) 65 (56-74)

Male – n 65

ASA – n
 1
 2
 3

32
81
15

Location of the laesion – n
Gallbladder
Biliary duct
Pancreatic head
Uncinate process
Pancreatic corpus
Pancreatic tail
Ampulla
Duodenum

4
21
57
11
17
10
5
3

IQR = interquartile range, ASA = American Society of Anaesthesiologists score
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the MDT diagnosed these lesions as benign and follow up was advised. In five patients who were 
referred for resection of a malignant tumour, the MDT found the tumour to be unresectable 
due to vascular involvement and only palliative treatment was instituted. The combination of 
symptoms, diagnostic examinations and in some patients, pathology results formed the basis of 
the conclusion by consensus of the MDT. Definitive diagnoses were re-evaluated after 1-year of 
follow-up confirming that none of the diagnoses set by the MDT had changed thereafter (Figure 2).

Postoperative MDT meeting (Group B)
During the study period, the internists or microbiologists did not attend 3 of the 15 postoperative 
MDT meetings for logistical reasons. A total of 149 patients were registered during the remaining 
12 MDT meetings. One hundred patients (67%) were discussed with the additional MDT members, 
without making a suggestion for change in the current management. Suggestions for a change 
were reported in the remaining 49 patients. An addition or alteration of the postoperative treat-
ment as a result of that suggestion was carried out in 42 patients (28%). Patients’ characteristics 
are depicted in Table 2.
Alterations and additions were made in 15 patients in order to manage existing comorbidities. 
In 27 patients, alterations or additions were necessary to manage postoperative complications. 
Table 3 depicts the type and cause of addition or alteration. Additional diagnostic examinations, 
changes of medication, fluid and nutritional intake, initiating barrier nursing due to infectious 
disease and routine consultation in case of ‘brittle’ diabetes were performed according the sug-

figure 2: Flowchart depicting altered diagnosis and treatment during preoperative MDT meeting
*patient inoperable due to severe comorbidity
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Table 2. Patients’ characteristics postoperative MDT meeting

Patients - n 42

Age – years (IQR) 61 (54-66)
Male – n 18
ASA – n
 1
 2
 3

3
20
19

Diagnosis digestive tract – n
Colorectal
HPB
-Liver
-Pancreas
-Biliary
Upper GI
Malignant / Benign – (%)

16
24
1
17
6
2
38 / 62

Hospital stay – days (IQR) 21 (11-72)
Postoperative complications – n (%) 28 (67)
Mortality – n 0

IQR = interquartile range, ASA = American Society of Anaesthesiologists score, GI = gastrointestinal

Table 3. Additions to postoperative treatment in 42 patients

Addition to postoperative treatment
n=42

Motivation for alteration

Additional diagnostics:
- Blood and microbiology tests (n=9) -Existing comorbidity

Cardiac dysrhythmia, Helicobacter pylori, insulinoma, liver 
function disorder, kidney insufficiency
-Complications
Bacterial infection, delirium, delayed gastric emptying

- Imaging (n=1) - Existing comorbidity
COPD

Alterations to treatment:
-Medication (n=26) -Existing comorbidity

Cardiac dysrhythmia, ulcerative colitis, diabetes mellitus, 
hypertension, parkinsonism, splenectomy
-Complications
Bacterial infection, delayed gastric emptying, anastomotic 
leakage, hypervolemia, Systemic inflammatory response syndrome

-Fluid and nutrition intake (n=3) -Existing comorbidity
Malnutrition
-Complications
Delayed gastric emptying, anastomotic leakage

-Isolation and barrier nursing (n=1) -Complications
Bacterial infection

-Consultation (n=2) -Existing comorbidity
‘brittle’ diabetes
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gestions of the additional MDT members. Seven patients suffering from a complicated postopera-
tive course required more than one addition to the existing treatment.

DISCuSSIon

The present study showed the additional value of a multidisciplinary team meeting during pre-
operative and postoperative patient evaluations. Treatment strategies were altered by the MDT 
in 34% of patients at first, out-patient consultation and in 28% of patients in the postoperative 
phase, leading to improved quality of care and recovery. Weekly MDT meetings gave physicians 
the opportunity to evaluate patient data with all the available expertise, creating a multidisci-
plinary platform to discuss complex pathology. This led to crucial changes in treatment of patients 
with malignant GI tumours. Furthermore, the MDT could promptly react to changes in patients’ 
postoperative course enabling direct treatment of complications that could lead to severe mor-
bidity, and possibly prevention of these complications beforehand.
Pawlik et al. have performed a similar study; a multidisciplinary team reviewed patients referred 
to their clinic. The clinical stage of disease was altered in 18.7% of patients leading to changes 
in therapeutic recommendations 14. An extensive study published by Ghaferi et al. described the 
association between inadequate management or detection of complications and high mortality 
rates 12. Hospitals reporting high and low mortality rates, of 6.9% and 3.5%, respectively, were 
compared. Patients’ characteristics did not differ between those hospitals however, the facilities 
and opportunity to adequately diagnose and treat complications proved responsible for the dif-
ferences in mortality. Mortality rates reported in patients with complications was 21.4% vs. 12.5% 
in patients without complications. Complications were either not recognised, recognised too late 
or treated too late, which was referred to as “failure to rescue” in the high mortality hospitals 15. 
Through intense multidisciplinary collaboration and consultation early recognition and treatment 
of complications could be performed effectively 16.
A review on teamwork in hospitals concluded that “teamwork is critically important to provide 
safe and effective care” 17. Also in a recent study on the management of hospital medical groups 
one of the main principles was that physicians participate in interprofessional and team-based 
decision-making as part of a multidisciplinary approach 18. During the present study, a dedicated 
team of surgeons, pathologists, (interventional) radiologists, oncologists and gastroenterologists 
formed a specialized multidisciplinary team, discussing all treatment options and informing 
patients of the conclusions of the team, all on the same day. This set-up gives little room for 
treatment delay and all participating physicians are involved from the beginning of the treatment. 
During the postoperative MDT meetings the primary postoperative treatment was set according 
to the surgical protocols. The additional, non-surgical MDT members provided extra attention in 
recognising complications and additional expertise in the treatment of these complications. The 
effect on outcomes depicted in Figure 1 however, are difficult to measure. One might assume 
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that a multidisciplinary approach during postoperative treatment can increase the efficiency of 
care and perhaps lead to more adequate treatment or even prevention of complications espe-
cially in case of non-surgical complications, such as electrolyte disorders, pulmonary or cardiac 
dysfunction and inadequate anticoagulation. These types of complications were not analysed in 
this study. Alterations and additions to the treatment might also have been performed in a later 
phase outside the MDT, although, through the MDT all patients were discussed.
Another important aspect that should be addressed in further studies is the potential benefit in 
terms of health care costs. Due to the inherent collaboration, consultation of different specialisms 
has become unnecessary and interventions necessary to improve patients’ postoperative course 
can be performed promptly, perhaps resulting in shortened hospital stay.
The MDT meetings described in this study equally apply to other hospital wards in which differ-
ent physicians are involved in the treatment of patients. A multidisciplinary approach is often 
described in health care protocols to ensure high quality of care. Furthermore, an MDT meeting 
facilitates access of all participants to the experience and knowledge of different specialisms. By 
giving room to subspecialists within each specialism in the current hospital setting, a tunnel vision 
in the direction of only one specialism is prevented.

Conclusion
The multidisciplinary team meeting is important and should be routinely incorporated in achiev-
ing the optimal treatment for surgical patients. The MDT meetings can be valuable in different 
phases of care. This study has demonstrated the effect of an MDT meeting during the pre- and 
postoperative phase. Alterations and additions to the treatment were seen in 34% of patients at 
out-patient consultation and in 28% of patients during postoperative management.
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ABSTRACT

objective
To evaluate the reliability of data registration in calculating the hospital standardised mortality 
ratio (HSMR).

Design
Retrospective, descriptive.

Method
Data were collected from a research database on all patients who had undergone a partial pan-
creatoduodenectomy for pancreatic cancer in 2009 and 2010 at our hospital. These data were 
compared with information about these same patients recorded in the Dutch National Medical 
Registry (LMR), obtained from the medical administration department of our hospital. The dif-
ferences between these 2 databases were evaluated on the basis of 3 variables: mortality, main 
diagnosis and secondary diagnoses (differentiated into complications and co-morbidities). Using 
the Charlson index, the co-morbidity score from both registries was calculated per patient.

Results
A total of 118 patients had been registered in the research database. Of these patients, 103 ap-
peared in the LMR data; 15 had not been registered in this database. There were no differences 
in patient characteristics or mortality (2.5%) between the registries. In the LMR, the main diag-
nosis of 5 patients had been incorrectly recorded. This database contained information on 136 
complications and 51 co-morbidities, of which 35 comorbities had been correctly recorded. The 
research database contained information on 188 complications and 99 comorbidities on these 
same patients. In the research database, comorbidity comprised 34% of all secondary diagnoses; 
in the LMR, 19% (p < 0.001). The median score on the Charlson index was 0 for all patients in the 
LMR and 3 in the research database (p < 0.001).

Conclusion
Comorbidities in patients with pancreatic carcinoma who undergo a resection are being inad-
equately recorded in the LMR. This results in insufficient correction in the case mix and a low 
score on the Charlson index, which could result in an incorrect HSMR.
Conflict of interest: none declared. Financial support: none declared.
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SAMenVATTInG

Doel
Onderzoek naar de betrouwbaarheid van dataregistratie ten behoeve van het gestandaardiseerde 
ziekenhuissterftecijfer (HSMR).

opzet
Retrospectief, beschrijvend.

Methode
Uit een prospectieve onderzoeksdatabase werden gegevens verzameld van alle patiënten die 
in 2009 en 2010 in ons ziekenhuis een partiële pancreatoduodenectomie wegens pancreas-
carcinoom hadden ondergaan. Deze werden vergeleken met gegevens van dezelfde patiënten 
in de Landelijke Medische Registratie (LMR), aangeleverd door de medische administratie van 
ons ziekenhuis. Verschillen tussen deze 2 registraties werden onderzocht aan de hand van 3 
variabelen: mortaliteit, hoofddiagnose en nevendiagnosen (onderverdeeld in complicaties en 
comorbiditeiten). Met de Charlson-index werd voor beide registraties de comorbiditeitsscore per 
patiënt berekend.

Resultaten
In de onderzoeksdatabase stonden 118 patiënten geregistreerd. Van deze patiënten kwamen er 
103 voor in de LMR-data; 15 patiënten waren daarin niet geregistreerd. Er was geen verschil tus-
sen beide registraties in patiëntkenmerken en mortaliteit (2,5%). In de LMR was de hoofddiagnose 
van 5 patiënten onjuist geregistreerd. Deze dataregistratie vermeldde 136 complicaties en 51 
comorbiditeiten, waarvan 35 comorbiditeiten juist waren geregistreerd. De onderzoeksdatabase 
vermeldde voor dezelfde patiënten 188 complicaties en 99 comorbiditeiten. In de onderzoeksre-
gistratie besloegen comorbiditeiten 34% van alle nevendiagnosen, in de LMR 19% (p < 0,001). De 
mediane score op de Charlson-index was 0 voor alle patiënten in de LMR-dataregistratie en 3 in 
de onderzoeksregistratie (p < 0,001).

Conclusie
In de LMR-dataregistratie worden comorbiditeiten van patiënten met een pancreascarcinoom 
die resectie ondergaan, onvoldoende geregistreerd. Dit leidt tot onvoldoende correctie voor de 
case-mix en een lage score op de Charlson-index, wat kan resulteren in een onjuist HSMR.
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InTRoDuCTIe

De laatste jaren is er een toenemende interesse in gestandaardiseerde uitkomstmaten die de 
kwaliteit van zorg in ziekenhuizen weergeven. Het gestandaardiseerde ziekenhuissterftecijfer 
(‘hospital standardized mortality ratio’, HSMR) is een maat die de mortaliteit in het ziekenhuis 
weergeeft. De HSMR is de verhouding tussen de werkelijke sterfte in het ziekenhuis en de 
verwachte sterfte, die gebaseerd is op de landelijke sterfte van patiënten met vergelijkbare ken-
merken en dezelfde opnamediagnose. 1-3 De HSMR is een optelsom van verschillende gestandaar-
diseerde sterftecijfers (‘standardized mortality ratio’, SMR). De SMR is een maat voor mortaliteit 
van een bepaalde diagnosegroep, zoals het pancreascarcinoom.
De gegevens voor het berekenen van de SMR en de HSMR worden ontleend aan de Landelijke Me-
dische Registratie (LMR). De LMR ontvangt deze data van de afdeling Medische Administratie van 
het betreffende ziekenhuis. De berekening van de HSMR gebeurt aan de hand van onder andere de 
hoofddiagnose en de ‘Charlson comorbidity index’, een maat voor comorbiditeit (zie uitlegkader).
Er is discussie over de validiteit van de data die aangeleverd worden om de HSMR te berekenen. 4-7 
In 2011 werd in het Tijdschrift ook het model voor de berekening van de HSMR ter discussie 
gesteld. 8 De onderzoekers concludeerden toen dat het huidige HSMR-model onvoldoende cor-
rigeert voor verschillen in patiëntkenmerken, de zogenoemde ‘case-mix’. 8

Het doel van ons onderzoek is te analyseren hoe betrouwbaar de gegevens zijn die aan de LMR 
worden geleverd en waarmee de HSMR wordt berekend. Wij deden dit voor een specifieke pa-
tiëntenpopulatie, namelijk chirurgische patiënten met een resectabel pancreascarcinoom. Aan 
de hand van de geregistreerde gegevens over deze patiënten werden de mortaliteit, de hoofd-
diagnose en nevendiagnosen onderzocht.

MeThoDe

Voor dit retrospectieve onderzoek werden alle patiënten geselecteerd die in 2009 en 2010 op de 
afdeling Chirurgie van het AMC in Amsterdam waren opgenomen met een pancreascarcinoom 
waarvoor een partiële, al dan niet pylorussparende, pancreatoduodenectomie werd verricht. 
Deze patiënten worden routinematig door de afdeling Medische Administratie geregistreerd. 
De gegevens in deze registratie worden naar de LMR gestuurd. Dezelfde patiënten waren ook 
voor onderzoeksdoeleinden geregistreerd in een uitgebreide prospectieve database. In dit artikel 
noemen wij de registratie voor onderzoeksdoeleinden ‘registratie A’ en de registratie door de 
afdeling Medische Administratie, die aangeleverd wordt aan de LMR, ‘registratie B’.
Om te onderzoeken of de data die de LMR ontvangt juist zijn, werden registratie A en registratie 
B met elkaar vergeleken. Registratie A werd hierbij beschouwd als de meest accurate registratie.
In dit onderzoek werd gelet op 3 variabelen: de mortaliteit en 2 patiëntkenmerken waarvoor 
de HSMR corrigeert, namelijk de hoofddiagnose en de nevendiagnosen. Onder de categorie 
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‘nevendiagnosen’ worden in het AMC zowel comorbiditeit als postoperatieve complicaties 
geregistreerd. Comorbiditeit is een preoperatief gestelde diagnose die bepalend is voor de con-
ditie van de patiënt en voor de Charlson-index. Postoperatieve complicaties hebben hier geen 
invloed op. Als complicaties na de operatie uiteindelijk leiden tot een blijvende nevendiagnose, 
bijvoorbeeld ‘myocardinfarct’, wordt deze nevendiagnose als complicatie geregistreerd en niet als 
comorbiditeit. De score op de Charlson-index werd voor elke patiënt berekend met gegevens uit 
de 2 verschillende registraties.

Registratie A, Registratie B en ontslagbrief
De prospectieve onderzoeksdatabase waarop registratie A was gebaseerd wordt dagelijks aange-
vuld en door verschillende onderzoekers gecontroleerd en gecorrigeerd.
Registratie B was gebaseerd op informatie uit de ontslagbrief. Wanneer in de ontslagbrief de 
diagnosen niet correct zijn geregistreerd, heeft dat direct invloed op registratie B. Ter controle 
van de validiteit van de gegevens uit registratie B werden de gegevens over hoofddiagnosen en 
nevendiagnosen uit de ontslagbrief vergeleken met de gegevens van dezelfde patiënten in de 
twee registraties.
In de ontslagbrief worden standaard de primaire diagnose, de operatie, het postoperatieve be-
loop en de complicaties vermeld, alsmede de verblijfplaats na ontslag, de nazorg en de medicatie 
bij ontslag.

Coderen
De codeurs van de afdeling Medische Administratie, allen opgeleid door de Kiwa Prismant Aca-
demie, werd gevraagd welke methode zij gebruikten voor de dataregistratie van patiënten. De 
patiënten werden door verschillende codeurs geregistreerd.
De registratie van deze specifieke patiëntengroep is gelijk aan de registratie van patiënten uit 
andere diagnosegroepen en geeft dus een voorbeeld van hoe de registratie ten behoeve van 
de LMR wordt uitgevoerd. Registratie B is representatief voor de kwaliteit van de data van een 
complexe patiëntpopulatie in de LMR. De wijze van codering wordt intern getoetst. Hierop vindt 
geen externe audit plaats.
De codeurs namen de variabelen ‘mortaliteit’, ‘hoofddiagnose’ en ‘nevendiagnosen’ (samenge-
steld uit comorbiditeit en complicaties) voornamelijk over uit de samenvatting van de ontslagbrief. 
Welke operatie was verricht werd overgenomen uit de operatieregistratie, die postoperatief door 
de operateur wordt ingevuld. Van iedere patiënt noteerden zij de hoofddiagnose en 2 nevendi-
agnosen, dus maximaal 3 diagnosen per patiënt. Dit aantal is vastgesteld met het oog op de hoge 
administratieve last door registratie van LMR-gegevens. Als een patiënt tijdens opname overleed, 
registreerden de codeurs wel alle diagnosen, ongeacht het aantal.
Bij het registreren van nevendiagnosen maakten de codeurs geen onderscheid tussen de 
registratie van een complicatie of van een comorbiditeit. Ook werd er bij het registreren geen 
onderscheid gemaakt tussen comorbiditeit die bepalend is voor de score op de Charlson-index 
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en comorbiditeit die daar geen invloed op heeft. Wanneer een codeur 2 ernstige postoperatieve 
complicaties registreerde als nevendiagnosen, was er geen ruimte voor de registratie van preope-
ratieve comorbiditeit, en andersom.
Tabel 1 geeft een voorbeeld van de registratie van een patiënt in registratie A en registratie B. 
Op basis van de geregistreerde comorbiditeit berekenden wij voor deze patiënt de score op de 
Charlson-index.

ReSulTATen

In 2009 en 2010 werd bij 118 patiënten met een pancreascarcinoom een partiële pancreatoduo-
denectomie verricht. Al deze patiënten stonden geregistreerd in registratie A. De mortaliteit in deze 
groep was 2,5% (3 patiënten). In registratie B had de afdeling Medische Administratie de gegevens 
van 103 van deze patiënten opgenomen; deze gegevens waren aan de LMR geleverd. Er waren 
geen verschillen in leeftijd, geslacht en mortaliteit tussen de 2 registraties (tabel 2). De overige 
15 patiënten uit registratie A waren wel bekend bij de afdeling Medische Administratie, maar de 
registratie van deze patiënten was niet verricht. Bij nadere analyse bleken de kenmerken van deze 
patiënten en de diagnosen niet te verschillen van die van de totale patiëntenpopulatie (n = 118).
De 103 patiënten uit registratie B werden vergeleken met dezelfde 103 patiënten uit registratie 
A. Hierbij bleek de hoofddiagnose in registratie B bij 5 patiënten een benigne aandoening te zijn. 
Registratie A vermeldde in totaal 287 nevendiagnosen: 99 comorbiditeiten en 188 complicaties. 

Tabel 1 Hoofddiagnose en nevendiagnosen van een patiënt, geregistreerd ten behoeve van de onderzoeks-
database (registratie A) en de Landelijke Medische Registratie (registratie B).

gegeven registratie A registratie B

hoofddiagnose maligne neoplasma pancreas maligne neoplasma pancreas

nevendiagnosen

 comorbiditeit lymfekliermetastase
chronische nierinsufficiëntie
aortaklepinsufficiëntie
mitralisklepinsufficiëntie
atriumfibrilleren

niet geregistreerd

 complicaties V. portatrombose
respiratoire insufficiëntie
sepsis

sepsis
peritonitis

score Charlson-index* 6 0

 score per aandoening 3: lymfekliermetastase
2: chronische nierinsufficiëntie
1: hartfalen

-

* Dit is een maat voor comorbiditeit; de score op de Charlson-index werd voor beide registraties afzonderlijk 
berekend op basis van de gegevens over comorbiditeit.
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In Registratie B waren in totaal 187 nevendiagnosen opgenomen: 51 comorbiditeiten en 136 
complicaties. In beide registraties waren mediaan 2 nevendiagnosen per patiënt opgenomen 
(tabel 3).
Registratie A bevatte geen onjuist geregistreerde nevendiagnosen. In Registratie B waren 56 van 
de 187 nevendiagnosen (30%) onjuist geregistreerd: 16 onjuist geregistreerde comorbiditeiten 
en 40 onjuist geregistreerde complicaties. In registratie B stonden 35 juist geregistreerde comor-
biditeiten en ontbraken 64 (65%) van de 99 comorbiditeiten vermeld in registratie A (zie tabel 3). 
Registratie B bevatte uiteindelijk 131 juist geregistreerde nevendiagnosen; dit is slechts 46% van 
de juist geregistreerde nevendiagnosen in registratie A.
Bij 136 van de 187 geregistreerde nevendiagnosen (73%) in registratie B ging het om postope-
ratieve complicaties. In totaal was 19% van de gecodeerde nevendiagnosen in registratie B van 
belang voor de Charlson-index.

Tabel 2 Kenmerken van patiënten met een pancreascarcinoom die in de periode 2009-2010 pancreatoduo-
denectomie ondergingen, geregistreerd in een onderzoeksdatabase (registratie A) en ten behoeve van de 
Landelijke Medische Registratie (registratie B)

kenmerk registratie A registratie B

aantal patiënten 118 103

geslacht; percentage mannen 58 58

leeftijd; gemiddelde (SD) 64 (10) 65 (10)

mortaliteit; % 2,5 2,3

Tabel 3 Diagnosen van patiënten met een pancreascarcinoom die in de periode 2009-2010 pancreatoduo-
denectomie ondergingen, geregistreerd in een onderzoeksdatabase (registratie A) en ten behoeve van de 
Landelijke Medische Registratie (registratie B)

diagnose registratie A
(n = 103)

registratie B
(n = 103)

p-waarde

onjuist geregistreerde hoofddiagnose 0 5

geregistreerde nevendiagnosen; n
 comorbiditeit
 complicatie

287
 99
 188

187
 51
 136

< 0,001*

aantal nevendiagnosen per patiënt;
 mediaan (interkwartielafstand)

2 (2-4) 2 (0-3)

juist geregistreerde nevendiagnosen; n
 comorbiditeit
 complicatie

287
 99
 188

131
 35
 96

< 0,001*
< 0,001*

onjuist geregistreerde nevendiagnosen; n
 comorbiditeit
 complicaties

0
 0
 0

56
 16
 40

* Mann-Whitney-U-test.
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Vergelijking registratie A, registratie B en ontslagbrief
De aantallen geregistreerde comorbiditeiten in de registratie A (n = 99) en de ontslagbrief (n = 87) 
verschilden significant van de aantallen geregistreerd in registratie B (35) (p < 0,001). Patiënten 
in registratie A hadden op de Charlson-index voor comorbiditeit een mediane score van 3 (inter-
kwartielafstand: 0-3). Dezelfde patiënten hadden volgens registratie B een mediane score van 0 
(interkwartielafstand: 0-3; p < 0,001) (tabel 4).

Tabel 4 Verschillen in variabelen tussen gegevensbestanden van patiënten met een pancreascarcinoom die 
in de periode 2009-2010 pancreatoduodenectomie ondergingen

variabele gegevensbestand* p-waarde

registratie A
(n = 103)

registratie B
(n = 103)

ontslagbrief
(n = 103)

hoofddiagnose; n
 maligniteit
 benigne aandoening

103
0

98
5

103
0

0,012†

comorbiditeit; n 99 35 87 < 0,001‡

Charlson-index; mediane score 
(interkwartielafstand)

3 (0-3) 0 (0-3) 2 (0-3) < 0,001§

 aantal met score 0
 aantal met score ≥ 1

36
67

68
35

43
60

* Registratie A is een onderzoeksdatabase; registratie B is het gegevensbestand van dezelfde patiënten, ge-
registreerd ten behoeve van de Landelijke Medische Registratie; gegevens in registratie B zijn ontleend aan de 
ontslagbrieven van deze patiënten.
† χ2-toets; statistisch significant verschil in hoofddiagnose tussen registratie B en de andere 2 gegevensbes-
tanden.
‡ Toets van Kruskal en Wallis; statistisch significant verschil in aantallen juist geregistreerde comorbiditeiten 
tussen registratie B en de andere 2 gegevensbestanden.
§ Toets van Kruskal en Wallis; statistisch significant verschil in score op de Charlson-index tussen registratie B 
en de andere 2 gegevensbestanden.

Volgens registratie A hadden 36 patiënten een score 0 op de Charlson-index; 67 patiënten hadden 
een score van 1 of hoger (zie tabel 4). Volgens registratie B hadden 68 patiënten een score 0 
op de Charlson-index en 35 patiënten een score van 1 of hoger (p < 0,001). Op basis van de 
ontslagbrieven van alle 103 patiënten was de Charlson index 0 in 43 patiënten en 1 of hoger in 
60 patiënten (figuur 1).

BeSChouWInG

De comorbiditeit van een patiënt is belangrijk om de conditie en daarmee de kans op sterfte 
te bepalen waaruit het gestandaardiseerde ziekenhuissterftecijfer (HSMR) wordt berekend. 
Ons onderzoek laat zien dat de gegevens van een specifieke groep patiënten zoals wij die 
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aanleveren voor de LMR, niet toereikend waren om de comorbiditeit goed in te schatt en. Van 
de nevendiagnosen geregistreerd ten behoeve van de LMR was maar 19% van belang voor de 
HSMR; bovendien ontbrak 35% van de comorbiditeiten. Onvolledig registreren resulteert in 
een lagere score op de Charlson-index; dit verschil bedroeg in ons onderzoek 3 punten. Het 
gevolg is dat de SMR en mogelijk ook de HSMR onjuist geschat worden. De LMR-gegevens 
voor deze complexe pati ëntengroep kunnen dus niet direct gebruikt worden voor een adequate 
HSMR-berekening.
Deze studie toont aan dat de registrati emethode die in de periode 2009-2010 werd toegepast in 
het AMC niet adequaat is voor deze complexe pati ëntenpopulati e. De data die werden aangele-
verd door de afdeling Medische Administrati e waren niet voldoende gericht op het registreren van 
parameters die de LMR nodig heeft  voor een goede berekening van de HSMR. Men registreerde 
weliswaar hoofddiagnosen, comorbiditeit van de pati ënt, complicati es na een ingreep en sterft e, 
maar door de hoge registrati elast en opgelegde beperkingen in de registrati emethode was er toch 
sprake van onderregistrati e. Verder blijkt dat 30% van de nevendiagnosen in de registrati e voor de 
LMR onjuist was en dat het bij 73% ging om postoperati eve complicati es. Dit laatste houdt in dat 
de registrati e van preoperati eve comorbiditeit, die belangrijk is voor de Charlson-index, beperkt 
was. Het gevolg van de huidige registrati emethode is dat pati ënten met een slechte conditi e en 
een hogere verwachte sterft e niet als zodanig worden geclassifi ceerd aan de hand van de data die 
in de LMR terechtkomen.
De huidige vorm van dataregistrati e is in het verleden voor meerdere doeleinden opgezet. De 
methode van registreren werd in het AMC niet voldoende aangepast aan de introducti e van de 
HSMR. Ook in andere ziekenhuizen is de methode wellicht niet opti maal aangepast, zoals werd 
bevesti gd bij de presentati e van onze resultaten op een bijeenkomst.

0
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0 1 2 3 4 5 6
Charlson-index

figuur 1: De score op de Charlson-index van pati ënten met een pancreascarcinoom die in de periode 2009-
2010 een pancreatoduodenectomie ondergingen; deze score loopt van 0 (geen comorbiditeit) tot 6 (maxi-
mum). Weergegeven zijn de aantallen pati ënten per score, gebaseerd op gegevens uit een onderzoeksda-
tabase (registrati e A; ROOD), gegevens ten behoeve van de Landelijke Medische Registrati e (registrati e B; 
GROEN) en gegevens uit de ontslagbrief van deze pati ënten (BLAUW).
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Dit aspect van de dataregistratie van een specifieke groep hoog-risicopatiënten werd nog niet 
eerder onderzocht. In eerdere studies is wel het rekenmodel geanalyseerd dat wordt gebruikt 
voor de berekening van de HSMR. Van 1 studie luidde de conclusie dat er nog onvoldoende gecor-
rigeerd werd voor case-mixverschillen. 8 Een andere studie toonde aan dat er nog veel variatie 
in codering van patiëntgegevens bestaat tussen verschillende ziekenhuizen. 4 De auteurs van 2 
studies concludeerden dat de HSMR op dit moment geen goede uitkomstmaat voor kwaliteit van 
zorg is en niet tot verbetering van kwaliteit van zorg zal leiden. 7,9

Er zijn ook onderzoeken waaruit blijkt dat gegevensregistratie een beperkte invloed heeft op 
de HSMR. 2,3,5 Hierin wordt voornamelijk gesproken over patiënten van meerdere ziekenhuizen 
en wordt onderzoek met een grote ziekenhuispopulatie beschreven. Het is echter de vraag of 
die conclusie ook geldt voor patiënten met complexe afwijkingen en veel nevendiagnosen; deze 
patiënten zijn kenmerkend voor de patiëntenpopulatie in academische ziekenhuizen. Met dit on-
derzoek benadrukken wij het belang van een juiste dataregistratie, vooral bij patiënten met veel 
en complexe comorbiditeit, omdat de geregistreerde comorbiditeit bepalend is voor de HSMR 
van de bijbehorende diagnosegroepen. Waarschijnlijk is dit effect beperkt bij diagnosegroepen 
waarin patiënten minder comorbiditeit en minder postoperatieve complicaties hebben.
Maar zelfs als de gegevens adequaat worden geregistreerd blijft de validiteit van de HSMR ter 
discussie staan vanwege variatie in codering en omdat het rekenmodel voor de HSMR niet vol-
doende corrigeert voor case-mixverschillen. 4,8 De verschillende ziekenhuizen zullen afspraken 
moeten maken over welke gegevens gebruikt moeten worden en hoe zij deze op uniforme wijze 
gaan registreren.
Verder is de discussie of de HSMR de patiënt wel de gewenste informatie verschaft. Wellicht 
hebben patiënten meer belang bij een indicator die duidelijke informatie geeft over een ziekte-
specifieke behandeling in het betreffende ziekenhuis.

Conclusie
Wij concluderen dat voor de specifieke groep van patiënten met pancreascarcinoom bij wie 
een pancreatoduodenectomie is uitgevoerd, onvoldoende data zijn aangeleverd aan de LMR. 
Daardoor is correctie voor de case-mix en de uiteindelijke berekening van de HSMR voor deze 
diagnosegroep niet juist. Mede naar aanleiding van dit onderzoek is de registratie in het AMC nu 
aangepast.

Leerpunten
• Het gestandaardiseerde ziekenhuissterftecijfer (HSMR) is de verhouding tussen de werkelijke 

sterfte in een ziekenhuis en de verwachte sterfte.
• De HSMR is gebaseerd op patiëntengegevens die het ziekenhuis aan de Landelijke Medische 

Registratie (LMR) levert.
• Er is twijfel over de betrouwbaarheid van de data waarmee de LMR de HSMR berekent.
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• De registratie ten behoeve van de LMR bevat te weinig gegevens over comorbiditeiten van 
complexe patiënten, bijvoorbeeld patiënten na pancreasresectie.

• De ontoereikende registratie van comorbiditeiten beïnvloedt de HSMR, die nog niet geschikt 
is als maat om de kwaliteit van zorg tussen ziekenhuizen te vergelijken.

• De registratie van parameters die van invloed zijn op de HSMR is onvoldoende en moet ver-
beterd worden.

Uitleg

Charlson-index
De Charlson-index is een maat voor comorbiditeit. Deze maat wordt gebruikt bij de berekening 
van het gestandaardiseerde ziekenhuissterftecijfer (HSMR). In de index worden 17 groepen van 
comorbiditeit onderscheiden, bijvoorbeeld acuut myocardinfarct, kanker, en nieraandoeningen. 
Voor elke nevendiagnose van een patiënt wordt een score toegekend, bijvoorbeeld score 2 voor 
een nevendiagnose in de categorie ‘kanker’ en 3 voor een nevendiagnose in de categorie ‘ernstige 
leveraandoeningen’. De score is 0 bij patiënten zonder comorbiditeit; de maximale score is 6, 
ongeacht de totaalscore van de nevendiagnosen.
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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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Dit proefschrift heeft de controverses in de behandeling van patiënten met alvleesklierkanker 
welke een pancreatoduodenectomie hebben ondergaan bestudeerd, en verschillende factoren 
vastgesteld die de behandeling en postoperatieve uitkomsten zullen verbeteren. De studies wer-
den uitgevoerd in zowel de pre-, peri- en postoperatieve fase. De verbetering van preoperatieve 
zorg werd geanalyseerd door het bestuderen van het effect van preoperatieve biliaire drainage 
(PBD) met metalen stents in plaats van plastic stents. Beïnvloedt het type stent de complicaties en 
vervolgens het herstel van de patiënt? Peroperatief werden oncologische factoren vastgesteld die 
resultaten op lange termijn beïnvloeden, en het belang van deze factoren tijdens tumor stadiering 
en de impact op de prognose van een patiënt werd bepaald. De postoperatieve zorg, verleend 
in het Academisch Medisch Centrum in Amsterdam (AMC), werd geanalyseerd en op basis van 
deze resultaten werd een algoritme ontwikkeld dat aangeeft welke interventie geschikt is voor 
het management van grote postpancreatectomie complicaties. Dit proefschrift kan dienen als 
een gids naar evidence-based, best practice behandeling van chirurgische patiënten met alvlees-
klierkanker.

Deel I PReoPeRATIeVe BIlIAIRe DRAInAGe In PATIënTen MeT 
AlVleeSklIeRkAnkeR Welke een PAnCReAToDuoDeneCToMIe 
heBBen onDeRGAAn

Hoofdstuk 1 beschrijft de preoperatieve biliaire drainage (PBD) in patiënten met alvleesklierkanker. 
PBD wordt uitgevoerd om de algemene conditie van de patiënt te verbeteren en de morbiditeit en 
mortaliteit te verlagen. Echter, klinische studies rapporteren zowel gunstige als negatieve resulta-
ten. De meeste studies ontraden het routinematig uitvoeren van PBD. In dit proefschrift werd er 
op basis van bestaande literatuur vastgesteld of preoperatieve biliaire drainage veilig uitgevoerd 
kan worden. De meeste studies adviseren geen routinematige PBD. Een Cochrane-review waarin 
5 gerandomiseerde studies werden geanalyseerd kon het toepassen van PBD niet steunen noch 
weerleggen 1. Een andere systematische review beschreef dat wanneer PBD-gerelateerde com-
plicaties werden geëxcludeerd, postoperatieve complicaties significant lager waren na PBD verge-
leken met chirurgie alleen: 29,9% versus 41,9% 2. De studie concludeerde dat PBD geen voordeel 
verricht en niet routinematig dient te worden uitgevoerd, dit ten gevolge van PBD-gerelateerde 
complicaties. Het is echter mogelijk dat een aantal geselecteerde patiënten baat hebben bij PBD; 
in gevallen van ernstige geelzucht, wanneer neoadjuvante therapie noodzakelijk is, of wanneer 
een operatie moet worden uitgesteld als gevolg van de patiënt of logistieke problematiek.
De controverse rondom PBD heeft geleid tot een gerandomiseerde studie waarin twee groepen 
icterische patiënten welke gepland stonden voor een pancreatoduodenectomie wegens alvlees-
klierkanker, PBD met behulp van een plastic stent ondergingen of directe chirurgie zonder PBD 3. 
Deze studie rapporteerde meer complicaties in de groep patiënten welke PBD onderging. Veel van 
deze complicaties waren gerelateerd aan de biliaire drainage met een plastic stent. Ondanks de 
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resultaten van deze studie werden er nog altijd veel patiënten gedraineerd middels plastic stent 
plaatsing alvorens zij werden verwezen voor verdere behandeling. En aangezien in een selectie 
van patiënten PBD wel vereist is, zoals bovengenoemd, onderzochten we het gebruik van een 
metalen stent tijdens preoperatieve drainage in hoofdstuk 2. De metalen stent is superieur aan 
de plastic stent tijdens PBD, echter de meeste studies waarin dit wordt beschreven zijn verricht 
tijdens de palliatieve fase bij patiënten die geen operatie ondergingen. Het doel van de studie in 
hoofdstuk 2 was het vaststellen van de superioriteit van metalen stents tijdens PBD in vergelijking 
met de plastic stents met betrekking tot PBD gerelateerde complicaties. Een Nederlandse mul-
ticenter prospectieve studie werd uitgevoerd. Een totaal van 53 patiënten werden geïncludeerd 
en ondergingen preoperatieve drainage met een metalen stent. Deze groep werd vergeleken met 
de plastic stent groep (n = 102) van de gerandomiseerde trial. PBD gerelateerde complicaties 
werden waargenomen in 12 patiënten (24%) van de metalen stent groep in vergelijking met 47 
patiënten (46%) van de plastic stent groep. Specifieke stent gerelateerde complicaties (occlusie 
en stent wissel) werden in slechts 3/49 patiënten (6%) van de metalen stent groep gerapporteerd 
vergeleken met 31/101 patiënten (31%) van de plastic stent groep. Metalen stents waren superi-
eur aan plastic stents tijdens preoperatieve biliaire drainage.

Deel II ReSulTATen nA PAnCReAToDuoDeneCToMIe

A Postoperatieve uitkomsten
Sterfte als gevolg van een late bloeding na pancreas chirurgie is hoog, vooral bij patiënten met 
naadlekkage van de pancreaticojejunostomie. Patiënten vereisen doorgaans een acute noodin-
terventie. Daarom werden in hoofdstuk 3 patiënten met een late postpancreatectomie bloeding 
geanalyseerd om onafhankelijke voorspellers van late bloedingen en de noodzaak tot acute in-
terventie en type interventie te identificeren. Uit een prospectieve database met 1035 patiënten 
die een pancreatoduodenectomie ondergingen tussen 1992-2012 vanwege een periampullaire 
tumor, werden patiënten met een late bloeding (> 24 uur na de index operatie) geïdentificeerd. 
Van 47 patiënten (4.5%) met late bloeding, ondergingen 20 patiënten een acute noodinterventie. 
Een pancreas fistel was een onafhankelijke voorspeller voor het ontwikkelen van late bloeding (OR 
10.2, 95% BI 4,37-23,71). Een extraluminale locatie van de bloeding (OR 5.6, 95% CI 1,1-29,7) en 
het optreden van een ‘sentinel’ (waarschuwende) bloeding (OR 6.6, 95% CI 1,1-38,7) voorspelde 
de indicatie voor een acute interventie. Helaas was het type interventie dat uitgevoerd moest 
worden onvoorspelbaar. Bij 16 patiënten in onze noodinterventiegroep was een radiologische 
interventie de eerste keuze en 4 patiënten ondergingen direct een chirurgische interventie. In 
het algemeen heeft een radiologische interventie de voorkeur, echter wanneer deze interventie 
faalt is chirurgisch optreden noodzakelijk. Hoofdstuk 4 is gericht op het management van de 
meest voorkomende chirurgische complicaties na een pancreatoduodenectomie en het falen 
van niet-operatieve ingrepen zoals percutane drainage of embolisatie tijdens angiografie. Falen 
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van niet-operatieve ingrepen kan leiden tot invasieve chirurgische ingrepen met bijbehorende 
morbiditeit. Daarom was deze studie gericht op het identificeren van het type interventie dat 
de meest adequate behandeling is voor een postoperatieve naadlekkage, bloeding en abces, en 
welke factoren leiden tot het falen van deze interventies. Naadlekkage en abdominale abcessen 
werden met succes gemanaged met radiologische percutane drainage; echter, hemodynamische 
instabiliteit (OR 17.2, 95% CI 1,8-160,1) en het snel optreden van een septisch beeld (OR 17,8, 
95% CI 4,9-64,4) waren sterke argumenten om direct een operatie uit te voeren. Om artsen te 
helpen bij het kiezen van de beste interventie om postoperatieve complicaties te managen, cre-
eerden we een algoritme: alleen in geval van een vroege bloeding, hemodynamische instabiliteit 
en sepsis heeft een primair chirurgische interventie de voorkeur.

B oncologische uitkomsten
De lymfklier (LN) status van patiënten met een resectabel pancreas ductaal adenocarcinoom 
is een belangrijke voorspeller van overleving. Een verbeterde overleving na een uitgebreide 
lymfadenectomie tijdens pancreatectomie is echter betwist, verder is er geen definitie van de 
meest optimale lymfadenectomie. Het doel van hoofdstuk 5 was het formuleren van een definitie 
voor de standaard lymfadenectomie tijdens pancreatectomie. De definitie werd opgesteld tijdens 
een consensus bijeenkomst van de International Study Group on Pancreatic Surgery (ISGPS) 
bestaande uit een groep chirurgen welke op basis van de beschikbare literatuur en hun ervaring 
een consensus statement formuleerde. De standaard lymfadenectomie tijdens een pancreaskop 
resectie bevat de volgende LN stations: 5, 6, 8, 12b1, 12b2, 12c, 13a, 13b, 14a rechts lateraal, 14b 
rechts lateraal, en 17a en 17b. De lymfadenectomie tijdens een pancreasstaart resectie bevat 
LN station 10, 11 en 18. LN station 9 wordt geadviseerd te verwijderen wanneer de tumor zich 
bevind in het gebied van het pancreascorpus.
Een lymfadenectomie is belangrijk in het bereiken van de meest optimale overlevingskansen. 
De lymfeklier ratio (LNR), de verhouding tussen het totale aantal lymfklieren gereseceerd en het 
aantal positieve klieren, is een relatief nieuwe voorspeller voor de overleving van chirurgische 
patiënten met pancreaskanker. Volgens verschillende studies is de LNR een sterkere voorspel-
ler dan een microscopisch positieve resectie marge (R1). Er zijn echter tegenstrijdige resultaten 
gerapporteerd en de verschillende definities die men aanhoudt voor een R1 resectie beperken de 
studies. In hoofdstuk 6 analyseerden we 760 chirurgische patiënten met een pancreas en periam-
pullaire maligniteit. Ons doel was het vaststellen van de voorspellende waarde van de LNR voor 
de 3-jaars overleving en het ontwikkelen van een nomogram om de prognose van patiënten te 
berekenen. De LNR was de gemeenschappelijke voorspellende factor voor een slechte overleving 
bij patiënten met een pancreas en periampullaire maligniteit. Een hoge lymfeklier ratio (LNR> 
0,18 HR 1.75, 95% CI 1,13-2,70), een R1 resectie (tumorcellen <1mm van de resectie randen) 
(HR 1.55, 95% CI 1,07-2,25), slechte tumordifferentiatie (HR 2,78, 95% CI 1,40-5,52) en geen 
adjuvante therapie (HR 1,54, 95% CI 1,01-2,34) werden geïdentificeerd als voorspellende factoren 
voor overlijden gedurende de 3-jaars follow-up in patiënten met een pancreascarcinoom.
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In hoofdstuk 7 onderzoeken we of een niet-radicale R1 en R2 resectie betere postoperatieve re-
sultaten en overleving laat zien in vergelijking met een palliatieve bypass. Onderscheid tussen een 
R1 en R2 resectie wordt vaak niet in studies toegepast op de overleving na niet-radicale resectie 
vergeleken met bypass-operatie. Een analyse van een opeenvolgende reeks patiënten in het AMC, 
n = 405, en een systematische review van de beschikbare literatuur werden uitgevoerd. De cohort 
studie toonde een hogere morbiditeit na R1 en R2 resecties in vergelijking met bypass procedure 
(52% en 73% versus 34%, p <0,01). De mortaliteit verschilde niet tussen de verschillende groepen. 
1-jaarsoverleving was 71%, 46% en 32% na de R1, R2 resectie en bypass procedure (p = 0.6 tussen 
R2 en bypass). Een R1 resectie werd gedefinieerd volgens de huidige definitie (Royal College of 
Pathologists): de aanwezigheid van tumor cellen binnen 1 mm van de resectie randen. De sys-
tematische review vond 8 studies voor analyse. Er werd een verhoogde morbiditeit na R1 en R2 
resectie (48%) in vergelijking met bypass (30-34%) gezien. 1-jaars overleving was 14-18 maanden 
na R1 resectie vs. 9-13 maanden na de bypass en 8,5-11,5 maanden na R2 resectie vs. 7,5-10,7 
maanden na bypass. Uit dit onderzoek bleek dat een operatie niet altijd de beste behandeling 
is voor patiënten met een a priori resectabel pancreascarcinoom wanneer een microscopisch 
radicale resectie niet bereikt kan worden. Een R2 resectie moet worden vermeden.

Deel III CenTRAlISATIe, MulTIDISCIPlInAIRe AAnPAk en 
ReGISTRATIe In PAnCReASChIRuRGIe

In hoofdstuk 8 onderzochten we alle systematische reviews en meta-analyses betreffende cen-
tralisatie van hoog complexe, laag volume procedures binnen de gastro-intestinale (GI) chirurgie. 
Hebben een hoog volume centrum en chirurgen geleid tot betere postoperatieve resultaten en 
worden deze positieve bevindingen gezien na alle chirurgische ingrepen? Twaalf systematische re-
views, waaronder vier meta-analyses beschreven het effect van het ziekenhuis en / of chirurgisch 
volume op de mortaliteit. De meeste reviews (> 90%) rapporteerde een lagere mortaliteit in hoog 
volume ziekenhuizen (> 20 resecties / jaar). Deze correlatie werd ook gemeld bij het afzonderlijk 
analyseren van de verschillende GI resecties voor de slokdarm, maag, lever en pancreas tumoren. 
De volume discussie heeft echter beperkingen en derhalve moet de relatie tussen ziekenhuis 
structuur en zorgprocessen en de postoperatieve resultaten ook worden erkend. Naast de erva-
ring en deskundigheid van de chirurg worden de postoperatieve uitkomsten ook beïnvloed door 
de aanwezigheid van een high-level intensive care unit (ICU), de 24/7 beschikbaarheid van de 
interventie radioloog, effectieve preventie en management van complicaties en een adequate 
selectie van patiënten. Deze vormen van ziekenhuis structuren en processen in de zorg kunnen 
mogelijk zelfs de belangrijkste rol spelen in het verkrijgen van optimale chirurgische resultaten.
Een voorbeeld van een ziekenhuisproces is het multidisciplinaire team (MDT). Het effect van 
de benadering van dit team op de behandeling van chirurgische patiënten met complexe GI 
pathologie werd in hoofdstuk 9 beschreven. De MDT benadering tijdens de pre- en postopera-
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tieve chirurgische bijeenkomsten hebben geleid tot wijzigingen van de initiële behandelstrategie 
voorgesteld door het verwijzende ziekenhuis danwel de verwijzende specialist. 128 patiënten 
met complexe GI pathologie werden prospectief geregistreerd tijdens de wekelijkse pre- en 
postoperatieve MDT vergaderingen. De voorgestelde behandeling werd in 14/41 patiënten (34%) 
gewijzigd tijdens de preoperatieve MDT bijeenkomst van het Gastro-Intestinale Oncologisch 
Centrum Amsterdam. Tijdens de postoperatieve MDT vergadering op de chirurgische afdeling, 
werden door de niet-chirurgische leden van de MDT in 42/149 patiënten (28%) aanvullingen en 
suggesties voorgesteld voor verandering van de behandelingsstrategie opgesteld door chirurgen. 
Het betroffen suggesties voor verandering van de behandeling van co-morbiditeit in 15 patiënten 
en van postoperatieve complicaties bij 27 patiënten. Deze bevindingen onderstrepen de impact 
van het MDT-concept op de behandelstrategie van complexe patiënten.
In het laatste hoofdstuk van dit proefschrift, hoofdstuk 10, werd het sterftecijfer na pancreato-
duodenectomie geëvalueerd als een gestandaardiseerde uitkomstmaat voor de kwaliteit van de 
zorg. De Hospital Standardized Mortality Rate (HSMR) is een voor risico gecorrigeerde uitkomst-
maat voor sterfte in het ziekenhuis en werd onlangs geïntroduceerd in Nederland. De kwaliteit 
van de zorg in ziekenhuizen wordt vergeleken op basis van de HSMR. We hebben onderzocht of 
de gegevens die zijn gebruikt voor de berekening van de HSMR betrouwbaar waren. Ondanks 
alle inspanningen van de medische administratie was de HSMR niet voldoende op het gebied van 
de registratie van comorbiditeit bij patiënten met alvleesklierkanker. De dataset was onvolledig: 
slechts 136 van de 188 complicaties en 51 van de 99 comorbiditeiten werden geregistreerd. Het 
is niet ontwikkeld en/of niet voldoende aangepast om een HSMR te bereken, dit resulteert in on-
voldoende case-mix correctie als gevolg van onvoldoende registratie van parameters die invloed 
hebben op de HSMR. Of de HSMR een geldige maat voor de kwaliteit van zorg zou kunnen zijn als 
de gegevens wel adequaat zijn staat echter nog ter discussie.

ToekoMSTPeRSPeCTIeVen

Het doel van dit proefschrift is het verschaffen van een gids naar de meest optimale pre-en post-
operatieve behandeling van chirurgische patiënten met een pancreascarcinoom.
Het preoperatieve management richt zich op de behandeling van icterische patiënten met een 
resectabele pancreas of periampullaire tumor. We hebben aangetoond dat de metalen stents 
veilig zijn tijdens de preoperatieve biliaire drainage (PBD). Ondanks de voorkeur van de vroege 
operatie zonder PBD, is het niet waarschijnlijk dat alle centra over de hele wereld in staat zijn 
om dit regime te faciliteren 4,5. Verder is een selectie van de patiënten niet geschikt voor deze 
aanpak; patiënten die neoadjuvante behandeling zullen ondergaan, die lijden aan ernstige icterus 
of cholangitis of ondervoed zijn 6-8. Neoadjuvante therapie wordt steeds vaker toegepast met het 
oog op een betere postoperatieve overleving echter in geval van hyperbilirubinemie is galweg-
drainage in deze patiënten nodig 9-11. Een metalen stent zorgt voor een adequate galafvloed dat 
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gepaard gaat met een laag percentage complicaties waardoor het toegepast kan worden in geval 
van neoadjuvante therapie. Een andere aanvullende behandelmodaliteit die wordt ingevoerd is 
de radiofrequentie en elektroporatie ablatie (RFA) 12,13. Het wordt uitgevoerd in patiënten met 
een bekend lokaal gevorderd pancreas tumor. De mediane overleving na het toepassen van RFA 
is 25,6 maanden 13. Als deze ablatie technieken resulteren in een goede lange-termijn overleving 
kan het mogelijk deel uitmaken van de behandeling van patiënten die in opzet voor een cura-
tieve resectie stonden gepland echter een lokaal gevorderde pancreas tumor blijken te hebben. 
Indien pancreatoduodenectomie dan niet mogelijk is kan ablatie worden toegepast. De ablatie 
wordt echter uitgevoerd voordat de metalen biliaire stent wordt geplaatst 14,15. Daarom moet het 
gebruik van een metalen stent tijdens PBD worden besproken wanneer RFA wordt uitgevoerd.
Met betrekking tot de postoperatieve behandeling van complicaties na pancreatoduodenecto-
mie toonden we aan dat het type noodinterventie welke patiënten met een late bloeding moet 
ondergaan onvoorspelbaar is. In het algemeen wordt een late bloeding bij voorkeur behandeld 
door de interventie-radioloog maar als radiologische interventies falen, is een chirurgische 
interventie aangewezen, in het bijzonder in hemodynamische instabiele patiënten. Tijdens het 
transport van de patiënt is het medisch team niet in staat om onmiddellijk te reanimeren in geval 
van een noodsituatie. Bovendien is het wenselijk dat het interventieteam voorbereid is op zowel 
een radiologische interventie als een chirurgische interventie. Een mogelijke optie is het gebruik 
van een hybride operatiekamer. In een hybride ruimte zijn zowel angiografische interventies en 
chirurgische interventies mogelijk. Dit wordt al routinematig gebruikt in vasculaire en cardio-
thoracale chirurgie en kan worden uitgebreid naar gastro-intestinale chirurgie 16,17.
Preventie en een adequaat management van complicaties is cruciaal in het voorkomen van mor-
taliteit. We hebben aangetoond dat een pancreas fistel een onafhankelijke voorspeller was voor 
de ontwikkeling van late bloedingen hetgeen gepaard gaat met hoge morbiditeit. Het is daarom 
nog steeds belangrijk om lekkage van de pancreaticojejunostomie te voorkomen. Studies hebben 
verschillende opties beschreven, variërend van minimaal invasieve naar invasieve methoden 
zoals een totale pancreatectomie welke een pancreas fistel te allen tijde voorkomt. Verschil-
lende technieken voor het aanleggen van de anastomose zijn beschreven zoals een enkele of 
dubbele gelaagde pancreaticojejunostomie, ductus invaginatie, end-to-end of end-to-side, of 
interne stenting van de anastomose. De nieuwste techniek die wordt beschreven is een ligatie 
van de pancreas aftakkingen, ductus invaginatie of ductus-mucosa anastomoserende techniek 
en vier grote steken tussen de pancreas stomp en het jejunum 18. In het AMC is de techniek nu 
verschoven naar dubbel gelaagde pancreaticojejunostomie.
De behandeling van naadlekkage en primaire abcessen kunnen worden gemanaged middels 
niet-operatieve interventies. Echter, we moeten bewust zijn van de risico’s van het falen van 
niet-operatieve interventies. We hebben aangetoond dat het risico op sterfte binnen 5 jaar na 
pancreatoduodenectomie 6 maal hoger was voor patiënten met een pancreas fistel waarbij de 
niet-operatieve interventie heeft gefaald. Daarom, om lange-termijn overleving bij patiënten met 
een pancreas of periampullair carcinoom te bereiken is succesvolle behandeling van complicaties 
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belangrijk. Daarnaast is een oncologisch radicale resectie cruciaal, dit omvat een lymfadenecto-
mie. Als gevolg van de voortvarende chirurgische technieken is de lymfadenectomie uitgebreid 
door de jaren heen. Rationele hierachter was het staken van de tumor verspreiding en het reser-
ceren van potentiële metastasen. Echter, overtuigende studies, zowel RCT’s en meta-analyses 
tonen geen voordeel voor het uitvoeren van een uitgebreide lymfadenectomie, hoewel, de 
optimale lymfadenectomie nog steeds wordt betwist. Er is een lopende discussie over het al dan 
niet reserceren van lymfklierstation 16b1, de posterieure para-aortale lymfeklieren en station 8p. 
In dit proefschrift bieden wij de lezers een richtlijn voor de standaard lymfadenectomie op basis 
van de literatuur en de opinies van experts. Dit kan een grote impact hebben op de toekomstige 
studies sinds tot op heden, de diversiteit van de omvang van een lymfadenectomie het moeilijk 
maakt om de resultaten van verschillende studies te vergelijken en de optimale procedure vast 
te stellen. Door deze standaard lymfadenectomie kunnen nieuwe klinische trials bewijs leveren 
voor de juiste behandeling bij positieve lymfeklieren van bijvoorbeeld station 16b1. Door de 
toepassing van deze definitie kan de lymfklierstatus van een patiënt op een eenduidige wijze 
worden vastgesteld. De lymfeklierstatus kan vervolgens worden gebruikt als uitkomstmaat voor 
neoadjuvante therapie en studieresultaten kunnen vergeleken worden. Bovendien kan dit leiden 
naar een verbeterde patiëntselectie voor het toepassen van adjuvante therapie.
Om het belang van de lymfadenectomie te bevestigen hebben we een nomogram gemaakt welke 
de impact van positieve lymfeklieren op overleving laat zien. Het nomogram berekent het effect 
op de 3-jaars overleving. Naast positieve lymfklieren zijn tevens een microscopisch irradicale 
resectie, slechte tumor differentiatie en het wel of niet toedienen van adjuvante chemotherapie 
opgenomen. Met betrekking tot deze determinanten had een hoge lymfklier ratio de meeste 
invloed op de 3-jaars overleving. Postoperatieve stadiering van het pancreascarcinoom wordt 
echter volgens de AJCC classificatie uitgevoerd waarin radicaliteit, differentiatie of lymfeklier ratio 
niet is inbegrepen. We hebben aangetoond dat het uitvoeren van een macroscopische irradicale 
resectie resulteert in een slechte overleving die vergelijkbaar is met de overleving die wordt 
waargenomen in patiënten die een palliatieve bypass procedure ondergaan. Daarom moedigen 
we artsen aan om irradicaliteit, differentiatie en ook de lymfeklier ratio mee te nemen tijdens 
postoperatieve tumor stadiering. Met de constante verbetering van de preoperatieve stadiëring 
zouden we in staat moeten zijn om patiënten met een hoog risico op een irradicale resectie als 
gevolg van lokale ingroei te identificeren. Voor deze patiënten kan een lokale therapie middels 
RFA of elektroporatie ablatie en systemische therapie mogelijk een eerste behandeling zijn, 
ondersteund door adequate voeding en behandeling van pancreasinsufficiëntie.
Tot slot heeft dit proefschrift de lezer de rol van centralisatie, multidisciplinair teamwork en de 
registratie van patiënten met een pancreascarcinoom getoond. Ziekenhuis volume en chirurgisch 
volume zijn de meest erkende variabelen welke samenhangen met sterfte. Andere ziekenhuis 
structuren en voorzieningen zoals volledig uitgeruste operatiekamers, intensive care, interventie 
radiologie en endoscopie, gespecialiseerde chirurgen, anesthesiologen, microbiologen, verple-
gend personeel, en de hoge kwaliteit van elke discipline zijn een voorwaarde voor de kwaliteit van 
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de zorg. Echter een correlatie van deze factoren met de sterftecijfers is moeilijk te kwantificeren 
waardoor data betreffende het effect van de ziekenhuis processen en structuren op de patiënt 
gerelateerde uitkomsten beperkt is. In dit proefschrift werd het multidisciplinair teamwork ge-
analyseerd. Deze benadering resulteerde in vele wijzigingen en aanvullingen op de behandeling 
van patiënten gedurende de pre- en postoperatieve fase. De initiële behandeling werd bepaald 
door chirurgen, gastro-enterologen, pathologen, radiologen en oncologen. Met de toenemende 
beschikbaarheid van multimodale therapie wordt elke patiënt afzonderlijk besproken om de best 
mogelijke individuele therapie te bepalen. Dit heeft geleid tot vele multidisciplinaire initiatieven 
op nationaal en internationaal niveau. In Nederland is in 2010 de Dutch Pancreatic Cancer 
Group (DPCG) opgericht. Nieuwe behandelprotocollen en studies worden gepresenteerd om het 
management van patiënten met een pancreascarcinoom te verbeteren. Door de multidiscipli-
naire aanpak zullen discrepanties tussen de geschikte therapieën afnemen. Dit is ook een van de 
doelstellingen van de internationale samenwerking COST Action BM1204 19. Het vergemakkelijkt 
de integratie van kennis en ervaring, onderzoek, opleiding en zorgt voor verspreiding van studie-
resultaten naar een breder publiek. Deze samenwerkingen zijn de toekomst en noodzakelijk in 
het veranderen van de sombere prognose van patiënten met een pancreascarcinoom.
De bovengenoemde ziekenhuis structuren en processen zijn soms niet duidelijk te kwantificeren, 
het objectiveren van de kwaliteit van zorg en het vergelijken van deze zorg is moeilijk. Daarom werd 
de HSMR (Hospital Standardized Mortality Ratio) samengesteld, een maat voor ziekenhuissterfte 
gecorrigeerd voor verschillende factoren die sterfte beïnvloeden, zoals leeftijd en comorbiditeit. 
In het laatste hoofdstuk van dit proefschrift hebben we aangetoond dat de HSMR gebaseerd is 
op data welke niet geschikt is voor het berekenen van de HSMR. De data zijn geregistreerd voor 
andere doeleinden en verstrekken onvoldoende. Een uitkomstmaat voor de kwaliteit van de zorg 
moet alle relevante informatie bevatten. Kan deze uitkomstmaat worden geëxtrapoleerd naar an-
dere ziekenhuizen en is vergelijking verantwoord, bevat het gedetailleerde patiëntkarakteristieken 
en andere factoren, zoals de ernst van de ziekte en doorverwijzing patroon welke postoperatieve 
uitkomsten beïnvloeden, waardoor adequate casemix correctie mogelijk is? Worden de nodige 
gegevens voor analyse wel adequaat geregistreerd? 20. Vanwege de onbetrouwbaarheid wordt het 
gebruik van de HSMR omstreden in Nederland. Veel ziekenhuizen zien af van publicatie van hun 
HSMR en impliceren dat deze uitkomstmaat ziekenhuizen niet in staat stellen om beter te preste-
ren of de kwaliteit van zorg te verbeteren. Een ander initiatief dat wel wordt aangeprezen is het 
intern gebruik van de HSMR zodat ziekenhuizen hun eigen HSMR gebruiken als een hulpmiddel 21.
Concluderend, dit proefschrift beschrijft het belang van een multidisciplinaire aanpak van de 
behandeling van patiënten met een pancreas maligniteit en heeft richtlijnen opgesteld voor de 
meest optimale pre- en postoperatieve behandeling. Vanwege blijvende veranderingen en ontwik-
kelingen binnen de gezondheidszorg is het belangrijk dat zowel nationaal als internationaal kennis 
en onderzoeksresultaten worden gedeeld en artsen samenwerken om de best mogelijke zorg te 
realiseren voor hun patiënt. Uit dit proefschrift blijkt dat samenwerking leidt tot betere resultaten 
in behandeling van patiënten met een pancreas maligniteit in zowel de pre- als postoperatieve fase.
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