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13Chapter 1 General Introduction

GENERAL INTRODUCTION

The Pancreas
Ever since its first description by the Greek anatomist and surgeon Herophilus around 
300 B.C., the pancreas (πανκρεας; ‘παν ‘all’, ‘κρεας ‘flesh’) has been surrounded with 
fascination, mystique, and even crime.1 The German anatomist Johann Georg Wir-
sung discovered the main pancreatic duct in 1642 in Padua, Italy, where he was a 
prosector performing autopsies for his mentor Johann Wesling. A year after his dis-
covery, still regarded to date as Wirsung’s duct, Johann Georg Wirsung was assas-
sinated. Reportedly Wesling, but also a co-worker named Giacomo Cambier is men-
tioned, were accused of the crime, the motive rumored to be jealousy.

Confusion over the gland’s nomenclature can also be regarded as indicative for 
the huge fascination of the organ. Whereas in the years of Hippocrates the word 
πανκρεας was used for all glands of the body, later authors, in particular Galen used 
the word καλίκρεας (kalikreas; ‘καλος’ ‘beautiful’).

Figure 1 Claudius Galenus of Pergamon

Galen (Claudius Galenus; Pergamon 129 – 216 Rome) at the age of 28 was appointed 
“physician of the gladiators”, a position of grand status and eventually the overture to 
the prestigious position of “Physician in Ordinary” in Rome. Combining keen clini-
cal observation with detailed knowledge of anatomy Galen is regarded as a pioneer 
in surgery. He conducted numerous experiments on live animals to demonstrate the 
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functions of various organs and parts of the body: e.g. tying ureters of living animals 
to show that urine comes from the kidneys and severing spinal cords to demonstrate 
paralysis. Galen may have compared pancreatic juice to saliva and may have been 
the first to have had a vague idea of its digestive function. Contrarily a somewhat 
disparagingly description of the pancreas was also his: “a cushion of the stomach 
and pad supporting the (mesenteric) vessels”. Because of his undisputable reputation 
and almost divine medical authority this erring view was held up for more than 1500 
years until Wirsung and contemporaries such as Joseph Conrad Brunner (1653–1727) 
‘rediscovered’ the organ.

Pancreatic Surgery

A brief overview
The overview presented here only highlights some of the pioneering work as pub-
lished throughout centuries of innovation on pancreatic surgery. For further details 
the interested reader is kindly referred to the quoted articles, original publications 
and books on the topic.

Figure 2
The frontispiece to De Mulierum 
Organis (1672) engraved by Pinchard 
portrays the 31-year-old Regnier 
de Graaf of Delft as a mature and 
thoughtful physician (center). At the 
top left is the title page of the 1664 
edition of De Succi Pancreatici Natura 
wherein de Graaf documented his 
novel observations of pancreatic 
structure and function. The text 
contained illustrations of the pancreas 
and the relation of the ductal system 
to the duodenum (top right) as well 
as drawings and descriptions of 
his technique for the construction 
of canine pancreatic fistula (right 
center). Republished with kind 
permission from Wolters Kluwer 
Health.2

Surgery of the pancreas dates back to approximately the time of Wirsung and con-
temporaries, the Golden Age of Dutch Medicine. In the intellectual environment of 
Leyden the Dutch physiological experimentalist Regnier de Graaf (1641–1673) was 
stimulated to great extent by the physician Franciscus de le Boë, also known as Fran-
ciscus Sylvius, to date well-known for his achievements on cerebral anatomy (but 
also accredited being the inventor of ‘genever’ [gin]).2;3 De Graaf resolved to put the 
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15Chapter 1 General Introduction

doctrines of his master to the test of experiment. He constructed canine pancreatic 
fistulae to determine the nature of pancreatic secretion, and was urged by Sylvius to 
publish his findings in a treatise: Disputatio Medica de Natura Succi Pancreatici.2 A 
decade later Brunner undertook the first series of partial resections of canine pan-
creas. 

In 1886 Nicholas Senn demonstrated that experimental extirpation of the pan-
creas in animals was associated with ‘a fatal result in every instance from a few hours 
to nine days after the operation’.4 Combined with the unavailability of antibiotics and 
limited technical expertise this fatal outcome could have initiated a firmly reluctant 
approach towards pancreatic surgery.

During the 19th century reports of pancreatic resections and the suggestion to 
intervene in disease processes that afflict the pancreas occasionally occur. However, 
these approaches provided the foundations of more successful procedures developed 
in the 20th century. The first surgical procedure for any pancreatic tumor was per-
formed by Albert Lücke in 1867, who removed a cystic tumor of the pancreas, while 
Friedrich Trendelenburg successfully excised a solid tumor of the tail of the pancreas 
in 1882.5 The first cholecystojejunostomies, performed as palliative procedure for 
pancreatic cancer, were successfully undertaken by Otto Kappeler in 1887 in Switzer-
land and by Nestor Dmitrievic Monastyrski in Russia.6 By performing a 1-stage en 
bloc excision of the major part of the duodenum and the head of the pancreas Alles-
sandro Codivilla in 1898, who later achieved prominence as an orthopedic surgeon, 
is considered being the first surgeon to perform a so-called pancreatoduodenectomy. 
Codivilla anastomosed the stomach and gallbladder to the small intestine, but his 
operation notes do not mention the pancreatic duct, nor is it clear how he managed 
the pancreatic remnant. The patient died 24 days later. In the same month, William 
Halsted undertook the first resection of an ampullary tumor in a 60-year-old female 
with a 6-month history of painless jaundice. The operation included common bile 
duct exploration, transduodenal papillectomy with reanastomosis of the pancreatic 
and bile ducts, and tube cholecystostomy. Although the reports have an anecdotic 
character, slowly the possibility of operating on the pancreas took ground.

The 20th century
At the beginning of the 20th century the association between a profound coagulation 
disorder and obstructive jaundice in patients with biliary obstruction due tumors at 
the pancreatic head was postulated.5 Malabsorption of the fat-soluble agent from the 
gut, vitamin K as would be discovered by Henrick Dam in 1929, ultimately resulted 
in coagulopathy and rendered major surgery hazardous, and in many instances fatal.6 
An appreciation of the inherent risks associated with the presence of jaundice as well 
as the recognition of the dismal prognosis of pancreatic cancer led to the develop-
ment of a two-stage operation.5 The first step was to relieve the “cholemia”, followed 
by removal of the tumor at second stage. Application of a bilio-enteric anastomosis at 
the first stage relieved obstructive jaundice with bile returning to the intestinal tract, 
which facilitated correction of the coagulation deficiency. In addition malnutrition, 
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regularly associated with jaundice, was reversed. After restoration of normal coagu-
lation parameters pancreatic resection could be safely undertaken at second stage 
 several weeks later.

Codivilla’s pancreatoduodenectomy probably comprised the first report of appli-
cation of a bilio-enteric anastomosis specifically after pancreatic resection.7 How-
ever, earlier reports of varying forms of bilio-enteric anastomosis date back to 1880 
when Alexander von Winiwarter performed a cholecystocolostomy in a patient with 
obstruction and an enlarged gallbladder.8 In following years successful experiments 
with choledochojejunostomy or -duodenostomy for choledocholithiasis were pub-
lished, but the true success for pancreatic surgery came with the introduction of the 
Roux-en-Y cholecystojejunostomy by Ambrose Monprofit in 1904 and the Roux-en-Y 
choledochojejunostomy by Robert Dahl in 1908.7 These advances made the concept 
of operative excision of the head of the pancreas with its intrapancreatic bile duct a 
possibility.

In Berlin Walter Kausch performed in 1909 one of the first documented successful 
pancreatoduodenectomies, according to more ‘modern’ principles, in a patient with 
a carcinoma of the ampulla of Vater.9 Because of malnutrition and risk of bleeding 
due to established jaundice a 2-stage procedure was planned. First, Kausch relieved 
jaundice by making a cholecystojejunostomy, while 2 months later he resected the 
second and third part of the duodenum, the distal bile duct, and the pancreatic head 
during the second stage of the operation. A posterior gastrojejunostomy was per-
formed and the pancreatic remnant was anastomosed to the open end of the distal 
duodenum. Nine months after the second operation the patient died from sepsis due 
to acute cholangitis.

The Legacy of Allen Oldfather Whipple
In 1935 Allen Oldfather Whipple published Treatment of Carcinoma of The Ampulla of 
Vater, thereby laying the fundamental groundwork for modern pancreatic surgery.5;10 
In his paper Whipple advocates the two-stage procedure as operation of choice for 
periampullary tumors and describes critical factors in the success of this opera-
tion: (I) determination of the extent of the procedure; (II) avoidance of pancreatic 
anastomosis, (III) use of silk sutures. Although strictly not being the first surgeon 
to perform pancreatoduodenectomy, Whipple was the first to demonstrate the fea-
sibility of pancreatic resection on a larger scale. He confirmed that patients could 
survive this type of surgery while maintaining acceptable quality of life, in his opin-
ion a very important aspect of surgical care. As frequently occurs with important 
novelties Whipple’s own technical contributions to pancreatic surgery came unin-
tended. Being observed as lecturer in 1940 to visiting surgeons Whipple operated on 
a patient thought to have a gastric carcinoma.11 However, intraoperatively he found 
that the suspected mass in fact was a tumor of the head of the pancreas. Because the 
patient was not jaundiced he concluded that ‘the ultimate procedure was not materi-
ally endangered’ (resection), and felt that a 1-stage procedure could be carried out. 
This operation, most likely the first anatomic, 1-stage pancreatoduodenectomy with 
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17Chapter 1 General Introduction

antrectomy and complete removal of the duodenum, marks the beginning of modern 
pancreatic head resection.7 Since danger of hemorrhage could be controlled by now 
available preoperative vitamin K therapy, Whipple from then on plead for the 1-stage 
procedures to be the procedure of choice for periampullary tumors. This approach 
should reduce the risk of a second anesthesia and simplified the operation by the 
absence of operative adhesions. In his experience mortality could be brought down 
from 38 to 31% compared to the 2-stage procedure.12

With further experience, technical refinements to the procedure were made, as 
well as for pre- and postoperative care.7;13;14 Blood transfusions, gastric decompres-
sion, antibiotics, and intra- and postoperative intravenous fluid resuscitation became 
widely available and routine. With respect to the surgical procedure the 1-stage 
option became the preferred operation. Nevertheless, in case of long-standing biliary 
obstruction, profound malnutrition or liver cirrhosis a staged approach remained 
common use.

Figure 3 Allen Oldfather Whipple (1881–1963). Courtesy of Archives & Special 
Collections, Columbia University Health Sciences Library, New York, New York.

Pancreatic surgery for benign disease
Pancreatic surgery in the early days was confined to malignant lesions. For benign 
pancreatic diseases such as chronic pancreatitis Whipple judged in 1942 that “surgery 
in these (vague) lesions (..) has not made any definite advances”, and, except for a bilio-
enteric anastomosis for biliary complications, was best abandoned.15 Nevertheless, 
alongside the evolution of pathophysiologic understanding of pancreatic disease, 
early attempts were made to decompress and drain the pancreatic duct surgically 
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for the hypothesis of pancreatic duct hypertension as a factor in the development 
of chronic pancreatitis.16 In 1951, William Longmire performed a caudal pancrea-
tectomy with end-to-end pancreaticojejunostomy, later popularized by Merlin DuVal 
in 1954.17;18 In 1958, Charles Puestow and William Gillesby modified this procedure 
to a caudal pancreatectomy with splenectomy, an extended longitudinal opening of 
the pancreatic duct, and a Roux-en-Y, end-to-side or side-to-side pancreaticojejunos-
tomy.19 Finally in 1960, Philip Partington and Robert Rochelle simplified the proce-
dure by eliminating the caudal pancreatectomy and splenectomy.20

Whenever patients suffered from an associated inflammatory pancreatic head 
enlargement pancreatoduodenectomy served as primary surgical procedure for 
removal of the pancreatic head for many years.21;22 However, the mentioned pancre-
atic duct drainage procedures paved the way to the lateral pancreaticojejunostomy 
with limited, non-anatomic pancreatic head resection described by Charles Frey in 
1987 and the duodenum-preserving partial pancreatic head resection described by 
Hans Beger in 1980.23;24

Biliary Drainage in the Context of Pancreatic Surgery

Historical perspective
The staged approach as developed in the days of Kausch and Whipple can be consid-
ered the introduction of the concept of preoperative biliary drainage (PBD) to improve 
outcomes. However, the burden of surgical diversion of the biliary tree is significant, 
especially for patients who are already in a poor condition due to malnutrition. Pos-
sibly this could explain the generally reluctant approach to surgery for deeply jaun-
diced patients; to undergo major surgery twice simply was too much. Interest in the 
staged approach was renewed with the advent of a non-operative first stage (Table 1). 
External and later internal or combined (rendez-vous) techniques allowed for less-
invasive PBD and, in case of internal drainage, restoration of the enterohepatic circu-
lation. It was accomplished by inserting percutaneously a transhepatic stent (external 
drainage) into the biliary tract, or internally, by endoscopic retrograde cannulation of 
the bile duct with insertion of a stent (internal drainage).

With evolving technical refinements in the following decades, improved post-
operative care and initiation of high-volume centers of excellence, pancreatic sur-
gery arrived at the stage of becoming a feasible, regular treatment option rather than 
being exceptional and high-risk surgery.6;25;26 Parallel, PBD, either through exter-
nal or internal drainage became the established first-line treatment for jaundiced 
patients with pancreatic or hepatobiliary malignancies. The firm place PBD has 
obtained in the treatment algorithm is well explained. In general, the first evaluation 
of jaundiced patients is done by internists and gastroenterologists. Percutaneous or 
endoscopic cholangiography was, and to date still is, routinely performed to visualize 
the biliary tree and hopefully discover the cause of the obstruction causing jaundice. 
Since most patients with pancreatic or hepatobiliary malignancies suffer from symp-
tomatic jaundice with pruritus, and some degree of abdominal pain, this diagnostic 
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19Chapter 1 General Introduction

procedure is immediately followed by therapeutic stent placement. To some extent, 
it is hoped that this stenting will provide symptomatic improvement. Both of these 
procedures have been suggested to reflect the conditioned responses of the physician 
encountering a jaundiced patient, also referred to as the “barber phenomenon” – 
when you go to the barber, you get a haircut.27

Table 1 Selected important developments in biliary drainage for pancreatic cancer.

Year Development

1909 Concept of surgical staged approach by Walther Kausch
1937 Introduction of technique of percutaneous transhepatic cholangiography (PTC)28

1964 Non-surgical percutaneous transhepatic drainage (external drainage) through use of PTC29

1968 Flexible ‘Chiba’ needle development allowing easy and thereby widespread use of PTC for 
external biliary drainage28

1978 Introduction of PTC drainage in the Netherlands by Prof.dr. D.J. Gouma
1970s Introduction of endoscopic biliary drainage (internal drainage)
1990s Self-expandable metal stents for internal drainage

The evidence
In the late 1970s, the first small studies on the effect of PBD indeed reported a 
reduced postoperative death rate in jaundiced patients who had undergone exter-
nal drainage.30;31 Since then, numerous studies, randomized as well as retrospective, 
have compared the outcome of PBD followed by surgery with surgery without PBD. 
Studies in experimental animals have shown benefit of PBD, especially after inter-
nal drainage when the enterohepatic circulation was restored.32;33 However, clinical 
studies have failed to show this benefit, and although the procedure of PBD can 
be performed safely, its routine use (the ‘barber phenomenon’) started to be ques-
tioned in the late 1990s.34 Supporting this more critical view some later studies even 
reported deleterious effects of PBD on the postoperative outcome.35 Furthermore, 
the observation of a significant complication rate related to the procedure of PBD 
itself, frequently without yielding a beneficial effect on complications after surgery, 
led to the statement in the 2002 meta-analysis from our center that PBD “with cur-
rent standards (…) carries no benefit and should not be performed routinely”.35 Criticism 
to this conclusion related primarily to the heterogeneous pathology and the employed 
outdated methodology of a large number of studies included in the meta-analysis.36 
Also the technique of PBD in most studies was subject of debate: the percutaneous 
route was believed to be of higher risk and more prone to complications than endo-
scopic drainage with modern techniques, the current standard of PBD. Endoscopic 
drainage was used in only a minority of studies.

Appreciated but deemed impossible to achieve for practical (‘barber phenome-
non’) and logistical reasons would be a definitive randomized controlled trial that 
compared PBD via endoscopy followed by surgery versus surgery without PBD.36 
Logistic reasons to perform PBD were new but sound arguments: planning major 
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surgery in a high-volume center requires preparation and time which is provided 
in by performing PBD as a bridge to surgery.27 As such the exact clinical benefits of 
PBD, once introduced to improve the postoperative outcome in patients with obstruc-
tive jaundice caused by a tumor of the pancreatic head, remain unclear.

Surgical Innovation and Outcome Evaluation
The most common process for innovation in surgery is related to the intrinsically 
iterative nature of surgical practice itself.37 Innovation of a procedure in surgery or 
surgical management often continues as it is adopted into practice. Although for 
decades implementation of novel procedures occurred automatically, the acknowl-
edged critical importance of assessment of treatment complications and proper out-
come registration has challenged several traditions. This ‘evidence-based’ approach 
requires a framework, such as defined in 2009 by the Balliol Colloquium, which 
guides staged development and evaluation of surgical interventions.37-39 The Collo-
quium proposes a model (the IDEAL framework) to segment innovation in sequen-
tial stages, each requiring critical appraisal: Stage 1 – Innovation; Stage 2a – Develop-
ment; Stage 2b – Exploration; Stage 3 – Assessment; Stage 4 – Long term evaluation. 
The primary aim of the framework is to protect patients.

Stage 1 describes the first use of a new procedure in a patient, prompted by the 
need for a new solution to a clinical problem. The development phase (stage 2a) 
involves planned use of a procedure in an initial small group of patients to support 
experience with its first use. The development phase is further explored in stage 2b, 
where the procedure has been described and main technical aspects worked out. 
Research information should provide information about the population presenting 
for the new treatment, which requires a shift from traditional procedure-based to 
disease-based reporting. Different than the previous stages which focus on devel-
opment and description of outcomes, stage 3 aims to assess effectiveness against 
current standards. It is in this stage that randomized controlled trials are the default 
option. However, trials of surgical practice are sometimes unnecessary (e.g. sutur-
ing for repairing large wounds) or not feasible for ethical or pragmatic reasons such 
as recruitment difficulties (e.g. PBD versus surgery without PBD). In the final stage 
(stage 4) established procedures are assessed for long-term outcomes, preferably 
through use of a registry.

Innovation is the start but evaluation should follow to ensure quality of surgical 
care. In surgical practice traditionally the outcomes have been selected and assessed 
by surgeons themselves.38 Also in literature on pancreatic surgery these ‘physician-
centered’ outcomes, e.g. procedure-related complications, morbidity, mortality, 
are extensively present.40-45 However, the notion that these outcomes are often not 
standardized, thus not reproducible and hinder evaluation and external validation is 
acknowledged.38 For example to describe leakage of the pancreatic anastomosis fol-
lowing pancreatoduodenectomy 26 definitions existed.46 Attempts to overcome the 
absence of standardized surgical terminology for definition of clinical outcomes have 
led to development of international consensus definitions of complications associ-
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ated with pancreatic surgery.38 In addition to consensus definitions, the use of vali-
dated classification systems for complications, which rank adverse events by severity, 
is an important step forward towards transparency.38;47

Although physician-centered outcomes are important, evaluation of surgery has 
to be extended to include the patient’s perspective.38 Patient’s perceptions can dif-
fer from the treating physician’s perspective, and an insight in these differences is 
crucial for patient satisfaction with treatment. Typically, this information is captured 
in questionnaires assessing health-related quality of life. Furthermore, studies have 
suggested that patients, who also actively participate in their care are more satisfied 
with their care and may have better health outcomes.48-50 Understanding of patients’ 
preferences may establish better and more effective decision making. Integrating 
the preceding paragraph there has been emerging evidence that the use of patient-
reported complications might be related to the experienced health gain following 
surgery.51 The subject needs further exploration but when proven to be valid it might 
be a useful tool for outcome registration and measuring performance.

OUTLINE OF THE THESIS

The results presented here are largely based on research carried out on patient cohorts 
from the Academic Medical Center’s (AMC) Department of Surgery, which serves as 
a tertiary referral centre for pancreatic and hepatobiliary diseases in the Netherlands. 
The multidisciplinary and multicenter studies in this thesis were initiated and coor-
dinated from this department.

The thesis summarizes almost 5 years of dedicated research in the field of hepato-
pancreaticobiliary surgery. The subject of PBD can be considered the steppingstone 
of this period of research; five chapters address various aspects of PBD for pancreatic 
surgery, varying from a literature review to basic experimental to clinical studies. 
The concept of surgical innovation and (multidimensional) evaluation takes another 
central place in the thesis. A number of presented studies concern outcome studies, 
in the field of PBD but also on other domains of hepatopancreaticobiliary pathology 
that could be explored within this timeframe. As such these studies can be seen and 
discussed in the light of the critical appraisal as outlined in the IDEAL framework.

In short the five main topics regarding diagnosis, treatment and outcome of sur-
gery for pancreatic and hepatobiliary diseases that have been addressed are:
1. The role of PBD for pancreatic cancer
2. Complications associated with pancreatic surgery
3. Chronic pancreatitis and its surgical treatment
4. Diagnosis and prognosis of pancreatic and hepatobiliary diseases
5. Patient reported outcomes following pancreatic surgery
The main study questions are summarized in Table 2. Additional background infor-
mation is discussed in the following sections.
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Table 2 The 17 study questions that are addressed in this thesis.

Chapter Study Question

2 What is the history and current status of PBD?
3 How are plasma levels of FGF-19 affected in extrahepatic cholestasis and what are the 

adaptive changes in the liver?
4 What is the effect of PBD on coagulation and fibrinolysis in severe obstructive 

cholestasis?
5 What are the benefits of PBD in patients with obstructive jaundice caused by a tumor of 

the pancreatic head?
6 Does the therapeutic delay associated with PBD influence survival?
7 What are the incidence, management and outcome of chylous ascites following 

pancreatoduodenectomy?
8 What is the influence of ISGPS consensus definitions of complications and grading 

systems in pancreatic surgery?
9 How do complications influence cancer recurrence and survival after pancreatic 

surgery for cancer?
10 What are decisive considerations for surgical management of chronic pancreatitis and 

how does it compare to endoscopic therapy?
11 What are the long term outcomes of tailored surgery for chronic pancreatitis?
12 How is pancreatic function affected by surgery for chronic pancreatitis?
13 What is the value of endoscopic ultrasound in detecting pancreatic cancer?
14 What is the prognostic significance of extracapsular lymph node involvement in patients 

with adenocarcinoma of the ampulla of Vater?
15 Is location of resected extrahepatic cholangiocarcinoma associated with survival?
16 How is health-related quality of life (HRQOL) affected by PBD for pancreatic cancer?
17 What is the association of HRQOL with survival in patients undergoing surgery for 

pancreatic cancer?
18 What are long-term reported QOL and medical outcomes following pancreatic cyst 

resection?

PBD – preoperative biliary drainage

Part I: The Role of PBD for Pancreatic Cancer
As described in the general introduction preoperative biliary drainage (PBD) was 
introduced to improve outcome after surgery in patients suffering from obstruc-
tive jaundice due to a potentially resectable proximal or distal bile duct or pancreatic 
head lesion. While experimental (animal) models showed almost exclusively benefi-
cial results, human studies showed conflicting results. CHAPTER 2 describes this 
ratio to perform PBD and its historical context. The anticipated clinical benefit, but 
also potential disadvantages are illustrated by investigating available clinical stud-
ies on PBD for distal (pancreatic head area) and proximal bile duct obstruction (so-
called Klatskin tumors). In the basic experimental CHAPTER 3 the expression of 
the bile salt-homeostatic hormone Fibroblast Growth Factor 19 (FGF-19) in the liver 
of patients with extrahepatic cholestasis is investigated. FGF19 is an endocrine factor 
produced by the small intestine in response to uptake of luminal bile salts. Whether 
FGF-19 contributes to regulation of bile salt synthesis under cholestatic conditions is 
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currently unknown. Further basic research is presented in CHAPTER 4 in which we 
evaluated the function of coagulation and fibrinolysis in cholestatic patients before 
and after PBD. Traditionally severe cholestasis has been associated with a derange-
ment of hemostasis, but analysis of global routine coagulation parameters, such as 
prothrombin time (PT) and activated partial thromboplastin time (aPTT), at the time 
of surgery are typically near or within the normal range.52 Whether a more detailed 
analysis of coagulation and fibrinolysis results in out-of-range values, as was shown 
in a rabbit model of cholestasis, is unknown and was the subject of this study.

Best-evidence has demonstrated that routine PBD does not seem to yield the 
appreciated improvement in postoperative morbidity and mortality in patients under-
going resection.35 As mentioned, criticism to this conclusion concerned lack of use of 
current endoscopic standards in the reviewed studies and old methodology, thereby 
severely limiting the level of evidence of this conclusion. To provide up-to-date high-
est class of evidence concerning the benefit of PBD we initiated a multicenter, rand-
omized controlled trial comparing a PBD followed by surgery strategy versus a direct 
operation strategy. The trial was conceived internationally as the DROP study (preop-
erative DRainage versus direct OPeration strategy).53 The primary outcome was the rate 
of severe complications related to PBD or surgery, the results are described in CHAP-
TER 5. Whether the subsequent delay to surgical treatment caused by the interven-
tion of PBD is safe from an oncological point of view (i.e. survival), is unclear. In 
CHAPTER 6 we evaluated the potential relation between delayed surgery due to PBD 
and overall survival in patients with cancer of the pancreatic head, who are scheduled 
for surgery.

Part II: Complications Associated with Pancreatic Surgery
Pancreatic cancer currently is the 4th cancer type for death in western countries 
with an incidence of 10-15 per 100.000 per year.54 Radical resection of a tumor in 
the pancreatic head is the only accepted option that leads to long-term survival. This 
type of surgery however is still associated with considerable morbidity, up to 40-50%, 
depending on definitions of complications and the system of registration applied.40 
Part II of the thesis is dedicated to complications.

Leakage of chyle is an uncommon but potentially hazardous complication in 
thoracic and head-and-neck surgery.55-57 Postoperative chylous ascites usually devel-
ops as a result of direct operative trauma to the thoracic duct, cisterna chyli or their 
major tributaries. The accumulation of chyle in the peritoneal cavity, termed chy-
lous ascites, is a rare condition in abdominal surgery, mainly described following 
aortic surgery and extended retroperitoneal lymphadenectomy for urological malig-
nancies.58;59 Except for a few case reports, studies on chylous ascites in patients who 
underwent pancreatic surgery do not exist. CHAPTER 7 describes a study of assess-
ment of the incidence and management of chylous ascites in patients who under-
went pancreatic surgery, an analysis of predisposing factors, and an evaluation of the 
impact on patient outcome. In line with the Balliol Colloquium recommendations, a 
grading system is proposed.
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The debate over outcome of pancreatic surgery in terms of complications is 
largely compromised by extensive differences in employed definitions for the vari-
ous complications in literature. The differences preclude conclusive comparisons 
between institutions. This lack of objective parameters has been observed by various 
groups and has led to initiatives for expert meetings to build consensus around defi-
nitions.46;47 Postoperative pancreatic fistula (POPF), postpancreatectomy hemorrhage 
(PPH), and delayed gastric emptying (DGE) are three important and prevalent com-
plications following pancreatic surgery. The International Study Group on Pancreatic 
Surgery (ISGPS) has formulated consensus definitions for these complications and 
has proposed classification systems to grade severity.46;60;61 In CHAPTER 8 we evalu-
ated the implementation of the new definitions, studied possible changes in registra-
tion compared to the former system, and we investigated the additional value of the 
grading system.

CHAPTER 9 describes a study in which we evaluated the prognostic implications 
of perioperative complications on survival in patients who underwent potentially 
curative resection of histological proven pancreatic or periampullary cancer. Studies 
in esophageal and colorectal cancer confirm that postoperative complications with 
subsequent perioperative suppression of cell mediated immunity have a negative 
prognostic impact on recurrence, thus resulting in reduced long-term cancer specific 
survival.62;63 For pancreatic and periampullary cancer the influence of complications 
on cancer recurrence is unclear.

Part III: Chronic Pancreatitis and its Surgical Treatment
Chronic pancreatitis (CP) is a benign, progressive inflammatory condition causing 
irreversible histological damage of pancreatic parenchymal tissue. Pancreatic sur-
gery for CP is mainly indicated for intractable abdominal pain, the suspicion of can-
cer, and complications such as persistent pseudocysts. In the past decades available 
surgical procedures for CP have witnessed some major advances, and especially pain 
can be effectively controlled by surgery. CHAPTER 10 describes the review article 
that summarizes the background of CP and the indications to intervene surgically. 
Different types of pancreatic surgery for CP are reviewed and discussed against the 
efficacy of endoscopic therapy, another treatment option.

CHAPTER 11 describes the AMC experience of surgery for CP; Long-term results 
of various surgical procedures for painful CP in terms of clinical outcomes (e.g. mor-
bidity), patient reported outcomes (e.g. quality of life), and medical outcomes (e.g. 
endo- and exocrine pancreatic function) are evaluated.

In CHAPTER 12 we summarize a systematic review of available studies evaluat-
ing the incidence of endo- and exocrine function in patients who underwent surgery 
for painful CP. The primary aim was to determine the proportion of patients that 
were confronted with new-onset insufficiency following surgery.
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Part IV:  Diagnosis and Prognosis of Hepatopancreaticobiliary Diseases
Pancreatic cancer is associated with a poor prognosis. Metastatic disease or exten-
sive locoregional ingrowth at the time of presentation precludes a curative surgical 
treatment in most patients. Early and accurate imaging is a prerequisite to identify 
potentially resectable lesions, but also avoids unnecessary surgery for incurable, or 
absent disease. The mainstay for the detection and staging of suspected pancreatic 
and periampullary malignancies (adenocarcinoma of the ampulla of Vater, or of the 
distal bile duct, or duodenum), is computed tomography (CT), but sensitivity is not 
100%. Endoscopic ultrasonography (EUS) is a technique with superior visualization 
of the pancreas. In CHAPTER 13 we evaluated the value of EUS as add-on test after a 
negative or inconclusive CT in detection of tumors in the pancreatic head area.

The various types of periampullary malignancies, although locally closely related, 
vary significantly in prognosis after resection. Patients with an adenocarcinoma of 
the ampulla of Vater have a more favorable prognosis after radical resection than 
other periampullary malignancies. However, prognosis depends dramatically on 
the presence and extent of lymph node dissemination.64 Extracapsular lymph node 
involvement has been suggested to act as biological marker for aggressive disease in 
gastrointestinal malignancies.65 CHAPTER 14 describes a study of the incidence and 
extent of extracapsular lymph node involvement in patients with adenocarcinoma of 
the ampulla of Vater, and an analysis of the prognostic significance with respect to 
survival.

CHAPTER 15 describes another prognostic outcome study of hepatopancreatico-
biliary diseases. Extrahepatic cholangiocarcinoma is the primary cancer of the main 
bile ducts and best treated with radical resection. A regular differentiation between 
proximal, mid and distal tumors is based on surgical approach, but also frequently 
employed to predict survival. However, the role of tumor location for survival after 
resection has been questioned and was subject of this study. In addition we con-
structed and analyzed different prognostic models for (more) accurate survival pre-
diction.

Part V:  Patient Reported Outcomes Following Pancreatic Surgery
The concept that health-related quality of life (HRQOL) after operation, in particular 
for pancreatic cancer with its dismal prognosis, should also be considered a crucial 
outcome measure, besides morbidity and mortality of the operative procedure, is well 
accepted nowadays.38;48 Active participation of patients in their care may result in 
higher satisfaction, better health outcomes and more effective decision making.49 
In part I of this thesis we have explored the clinical background and indications 
to perform PBD for pancreatic cancer, cumulating to the randomized trial we have 
described in CHAPTER 5. CHAPTER 16 describes patient reported outcomes for this 
patient cohort with an emphasis on the role of PBD from the HRQOL perspective by 
comparing the two treatment strategies. Secondly, we investigated which strategy 
patients would have preferred as assigned treatment strategy.
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An increasing number of studies, as well as a systematic review and a meta-anal-
ysis of individual patient data suggest that HRQOL scales provide prognostic infor-
mation in oncological patients in addition to that of socio-demographic and clinical 
measures.66;67 Although for pancreatic cancer series exist that report purely descrip-
tive HRQOL data following surgical treatment, no studies exist that have investigated 
the potential role of HRQOL as prognostic factor for survival. In CHAPTER 17 we 
investigated whether pre- and postoperative HRQOL scores, in addition to several 
established clinical-pathological prognosticators, are associated with survival in 
patients eligible to undergo surgery for cancer of the pancreatic head. CHAPTER 18 
describes long-term outcomes of patients who underwent surgery for pancreatic 
cystic tumors with a focus on HRQOL. Resection for cystic tumors is selectively 
indicated due to malignant potential of cystic lesions. However, the difficulty in pre-
operative differentiation is acknowledged, and thus a surgical strategy will lead to an 
appreciated significant proportion of patients that appear to have only benign disease 
at pathological investigation. Especially HRQOL should be considered a vital out-
come measure for these patients, but these outcomes have not been reported before.
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ABSTRACT

Rationale
Preoperative biliary drainage (PBD) has been introduced to improve outcome after 
surgery in patients suffering from obstructive jaundice due to a potentially resect-
able proximal or distal bile duct/pancreatic head lesion. In experimental models, 
PBD is almost exclusively associated with beneficial results: improved liver function 
and nutritional status; reduction of systemic endotoxemia; cytokine release; and, as a 
result, an improved immune response. Mortality was significantly reduced in these 
animal models. Human studies show conflicting results.

Findings
For distal obstruction, currently the “best-evidence” available clearly shows that rou-
tine PBD does not yield the appreciated improvement in postoperative morbidity and 
mortality in patients undergoing resection. Moreover, PBD harbors its own complica-
tions. However, most of the available data are outdated or suffer from methodological 
deficits.

Conclusion
The highest level of evidence for PBD to be performed in proximal obstruction, as 
well as over the preferred mode, is lacking but, nevertheless, assimilated in the treat-
ment algorithm for many centers. Logistics and waiting lists, although sometimes 
inevitable, could be factors that might influence the decision to opt for PBD, as well 
as an extended diagnostic workup with laparoscopy (on indication) or scheduled pre-
operative chemotherapy.
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INTRODUCTION

Malignant disease of the extrahepatic distal (pancreatic head area) or proximal bil-
iary tract is the most prevalent cause of obstructive jaundice, clinically evident by 
jaundiced skin, nausea, pruritus, dark urine and discoloration of stool, and the first 
presenting symptom in up to 90% of the patients. The hazardous consequence of 
prolonged and progressive obstructive jaundice is hepatic dysfunction due to bile 
stasis and cholangitis, eventually leading to hepatic failure.

In western countries pancreatic cancer currently is the 4th cancer type for death 
with an incidence of 10-15 per 100,000, whereas the reported incidence of extrahe-
patic cholangiocarcinoma (CCA) is approximately 1 per 100.000.1 Radical resection 
of the tumor is the single possible treatment for cure. Pancreatic head tumors and 
distal CCA are managed by pancreatoduodenectomy (PD), while for proximal or hilar 
(Klatskin) extrahepatic CCA affecting the CBD, hilar resection with partial hepatec-
tomy is indicated. Unfortunately, locoregional irresectability and/or metastatic dis-
ease, which may become apparent during preoperative work-up, preclude resection 
in the majority of patients.

Although the postoperative mortality after extensive hepatopancreaticobiliary 
surgery has decreased from 20% to less than 5% in experienced centers, the over-
all morbidity remains high at approximately 40-60%, depending on applied defini-
tions.2-6 Frequently encountered surgical complications are anastomotic leakage, in 
particular pancreaticojejunostomy leakage, hemorrhage, delayed gastric emptying 
and impaired wound healing. Nowadays, complications are generally managed non-
operatively, mainly due to an emerging role of the interventional radiologist.7 Non-
surgical complications consist primarily of sepsis, pneumonia and renal disorders.

In 1935 already this increased risk of surgery in jaundiced patients was acknowl-
edged by A.O. Whipple and he was the first to introduce the concept preoperative 
biliary drainage (PBD) by performing a staged PD: application of a cholecystogas-
trostomy to reduce jaundice was followed by resection at a later stage, depending on 
the severity of jaundice.8 In the mid sixties a non-operative, external drainage proce-
dure was devised: percutaneous transhepatic cholangiography (PTC) was performed 
using the CIBA needle.9 Internal drainage came up in the seventies when the concept 
of endoscopic retrograde cholangiopancreaticography (ERCP) was introduced. In one 
procedure a diagnostic investigation was combined with a therapeutic intervention 
by inserting an endoprosthesis. Up to now most patients with distal obstruction 
[pancreatic head/distal bile duct] are treated by ERCP, whereas in patients with proxi-
mal biliary obstruction PTC is generally the preferred method.

The present article will focus on the role of PBD to reduce septic complications 
following surgery for distal and proximal biliary obstruction by considering the best 
evidence available in literature.
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ExPERImENTAL STUDIES

Obstructive Jaundice
Obstructive jaundice is associated with a proinflammatory state, resulting from por-
tal and systemic endotoxemia and experimental studies have extensively reported on 
the processes that are implicated in the underlying pathophysiologic mechanisms, 
the most elucidated are discussed hereafter.10-12

The endotoxin concentration in the portal circulation is increased, as a result of 
lack of bile salts in the gut lumen with consequently an unbalanced bacterial intesti-
nal microflora and increased permeability of the intestinal mucosal barrier, promot-
ing translocation of bacteria.13;14 Inadequate clearance of endotoxins in obstructive 
jaundice has been attributed to an altered reticuloendothelial system (RES) function 
of Kuppfer cells in the liver.14;15 Recently 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 impaired intracellular bacterial 
killing.16 The exact consequence with respect to development of infectious complica-
tions remains to be elucidated.

The exposure to endotoxemia and bacterial translocation due to obstructive jaun-
dice leads to an uncontrolled induction of the inflammatory cascade: animal experi-
ments have shown increased concentrations of proinflammatory cytokines, such as 
tumor necrosis factor (TNF), IL-6, GRO/KC (IL-8) and IL-10.17-22 Increased concentra-
tions of TNF, mainly produced by liver Kuppfer cells, or rather the imbalance with 
its soluble receptors, as antagonists and released from the cell membrane by endo-
toxemia, are suggested to contribute to development of complications.18;23 After endo-
toxin administration to cholestatic rats Kennedy et al. demonstrated that blockade 
of Kuppfer cells with gadolinium chloride lead to a lower systemic TNF activity and 
subsequently resulted in an improved survival.17 On the other hand, the enhanced 
IL-6 release, as found in jaundiced mice exposed to endotoxin, might actually play 
an important role in protecting the cholestatic host against hypersensitivity to endo-
toxin and was found to abrogate cholestatic liver injury.22;24 In perspective of these 
results found in animal models of biliary obstruction, it appeared that the general-
ized inflammatory state in patients with obstructive jaundice was profoundly differ-
ent.25 Although obstructive jaundice caused alterations in circulating concentrations 
of endotoxin binding proteins, neutrophil activation and increased concentrations of 
IL-8, the concentrations of many of the investigated mediators in animals, such as 
TNF and its receptors, were not as high in patients.25 And although biliary drainage 
did reduce IL-8 and endotoxin binding proteins, it did not change many of the media-
tors suggested to correlate with mortality in animal experiments.

It was demonstrated that cellular immunity, measured by the lymphocyte 
response to mitogens (concanavalin-A and phytohaemagglutinin), was significantly 
lower in bile duct ligated rats, but did not occur in jaundiced germ-free rats.26 This 
would imply that hyperbilirubinemia itself does not contribute to immunosuppres-
sion but rather increased levels of gut-derived endotoxins due to obstructive jaun-
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dice are responsible, because bilirubin levels in both conventional and germ-free 
bile duct ligated rats were not different. Obstructive jaundice also leads to deeply 
suppressed natural killer (NK) activity of nonparenchymal liver cells in rats, which 
can be reversed by biliary drainage of an adequate duration.27;28 Furthermore, the 
decrease in NK cell activity resulted in an enhanced growth of liver metastases and 
supposedly PBD might help to prevent liver metastases after surgery.27

Next to an increased risk for development of infectious complications, obstructive 
jaundice has been associated with renal dysfunction, with its extent depending on 
the intensity of biliary obstruction.10;29;30 In the pathogenesis of renal failure extracel-
lular volume depletion may be an important factor and while the observed increase 
in plasma renin and aldosterone are logical endocrine responses to a reduced extra-
cellular water compartment, there also is a paradoxical rise in plasma atrial natriu-
retic peptide (ANP) in response to biliary obstruction.31 The raised plasma ANP level 
might be the result of the passage of bile components to the blood and is reversed 
to basal levels after biliary drainage, thereby improving renal dysfunction.31;32 Fur-
thermore, myocardial dysfunction in obstructive jaundice has been suggested to be 
the consequence of hemodynamic disturbances due to altering ANP concentrations, 
while after biliary drainage a correlation was found between decreasing ANP concen-
trations and increasing cardiac output.33

Biliary Drainage
Biliary drainage as a therapeutic method to reduce postoperative septic complications 
has been shown in multiple experimental models to improve liver function, nutri-
tional status and cell-mediated immune function, to reduce systemic endotoxemia 
and cytokine release, and subsequently to improve overall immune response.20;26;34-38 
Mortality was significantly reduced in these animal models. With respect to the pre-
ferred route of drainage, internal PBD, was found to be superior to external PBD in 
terms of reduction in endotoxemia and mortality by some, whereas others demon-
strated external drainage, although in the short-term, to lead to a better recovery of 
cellular immunity than internal drainage.34;39;40 In jaundiced rats undergoing hepa-
tectomy both external and internal PBD improved serum liver function tests, how-
ever, a better liver regeneration and function after hepatectomy was observed after 
internal drainage.41

Negative side-effect of biliary drainage is the associated complications of the 
procedure itself. In dogs, insertion of biliary endoprostheses resulted in bile con-
tamination and severe chronic inflammation of the bile duct.42 This inflammatory 
process led to considerable thickening of the wall in both normal and obstructed 
bile duct, with transmural, fibrosing inflammation and occasionally ulceration. Two 
months after removal of the endoprosthesis, bacterobilia persisted and the bile duct 
remained inflamed and dilated, albeit less severe. To put an endoprosthesis in the 
bile duct before surgery resulted in higher postoperative infectious complications, 
an increased risk of anastomotic dehiscence, more frequent leakage of infected bile, 
and increased abscess formation. It is likely that the infected bile and the condition 
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of the bile duct wall, as a consequence of the preoperative stenting, were responsible 
for these complications.

Concerning the duration of PBD it has been suggested that adequate recovery 
of hepatic function depends on the duration of biliary decompression and duration 
of obstructive jaundice before decompression.43 A minimum of 4-6 weeks of preop-
erative drainage was advised, with even longer periods proposed for patients with a 
prolonged biliary obstruction before decompression. A more recent study showed 
that preoperative decompression is necessary for at least 3 weeks before coagulation, 
hepatic and RES function start improving.44

CLINICAL STUDIES

PBD for Distal Obstruction
Patients, suspected to have a tumor in the pancreatic head area (pancreas, distal bile 
duct, papilla of Vater), without radiological evidence of irresectability, will undergo an 
exploration with the intention of resection of the tumor. In the preoperative course a 
majority of these patients suffer from symptomatic obstructive jaundice.

For many decades diagnostic strategies comprised the performance of an ERCP 
in patients with obstructive jaundice, accompanied in most cases with stent place-
ment for PBD as therapeutic measure for relief of symptoms. Nowadays state-of-the-
art radiological techniques offer a higher diagnostic accuracy than ERCP, require a 
minimum of time, are non-invasive and have the advantage of assessing local tumor 
extension as well as distant metastases.45-47 Therefore, ERCP as diagnostic tool is 
considered obsolete in many countries, although geographical differences do exist. 
Implementation of a strategy without diagnostic ERCP is not generally adapted yet in 
The Netherlands; a survey revealed that, prior to referral for further assessment and 
(surgical) treatment at the tertiary centre, almost 40% of patients had already ERCP 
performed, primarily as diagnostic procedure.48

The therapeutic effect of PBD, either by means of ERCP or PTC, is extensively 
debated throughout the last decades. One of the largest prospective randomized tri-
als performed in the United States by Pitt et al. concluded that PBD does not reduce 
operative risk, however, increases hospital cost and therefore should not be performed 
routinely.49 A systematic review from our institution summarized all retrospective 
and prospective studies, published between 1966 and 2001, with the aim to evaluate 
the efficacy of drainage in jaundiced patients, compared to patients that underwent 
direct surgical treatment.50 Outcome measures of the meta-analysis were in-hospital 
death rate, overall complications resulting from the treatment modality (PBD- and 
surgery-related complications), and hospital stay. Five randomized controlled studies 
comprising 302 patients (level I evidence) and 18 cohort studies comprising 2,853 
patients (level II evidence) met inclusion criteria and were analyzed. Meta-analysis 
for both level I and II studies showed no difference in mortality between patients 
who had PBD and those who had surgery without PBD. However, overall complica-
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tion rate was significantly adversely affected by PBD compared with surgery without 
PBD; for Level I 57% and 42% respectively, indicating a relative risk reduction of 15% 
and an absolute risk reduction of 27% in case surgery would be performed without 
PBD. Analysis of level II studies showed equal numbers. If PBD had been without 
complications, the complication rate would be in favor of PBD based on level I stud-
ies, and without difference based on level II studies. Further, overall hospital stay 
was prolonged after PBD. In all it was concluded that the potential benefit of PBD, in 
terms of postoperative rates of death and complications, does not outweigh the disad-
vantage of the drainage procedure and therefore should not be performed routinely, 
unless further improved PBD techniques would become available.

The inverse relationship between the institutional volume of major oncological 
surgery and the resulting morbidity and mortality rates is well recognized and the 
key reason for a plea for centralization of complex surgical procedures.4;51 Pisters et 
al. brought this argument up to justify PBD to create time for referral of patients 
to high-volume tertiary surgical centers, their (retrospective) study did not demon-
strate an increase in the risk of major postoperative complications associated with 
PBD and stent placement.52;53 Logistics in terms of (local) referral patterns, waiting 
lists, extended diagnostic workup with laparoscopy (on indication) or scheduled pre-
operative chemotherapy could be other plausible factors that might influence the 
decision to opt for PBD. Possibly these factors are region-specific for, at least in the 
United States, in the Eastern part of the country early surgery without drainage is 
strongly advocated, whereas in the Southern part PBD is favored.53 However, ideally 
such logistic arguments should never be decisive in treatment consideration. Fur-
thermore, even in high case-load centers a hospital volume-outcome effect for ERCP 
and stenting exists, which should be taken into account in the discussion whether or 
not to start with ERCP and drainage before referral.54;55

It should be mentioned that the prospective studies included in our meta-analysis 
largely consisted of a suboptimal design, while they were not carried out according to 
basic principles of clinical trial reporting (the CONSORT statement).56 Various (out-
dated) forms of internal and external drainage procedures for both proximal and dis-
tal obstruction were included, different durations of drainage used and different sur-
gical procedures followed. These possible methodological and reporting deficiencies 
might hamper drawing conclusions. Furthermore, due to the time span of included 
studies outmoded PBD techniques and materials inevitably add significantly to the 
negative outcome of drainage.

Therefore, we have conceived a large randomized controlled multicenter trial (in 
patients needing a PD, distal obstruction) to obtain highest level of evidence by com-
paring a ‘PBD strategy’ (standard strategy) with that of an ‘early-surgery’ strategy: the 
DROP-trial (DRainage vs. Operation).57 Primary outcome measure is the incidence 
of overall severe complications, secondary outcome measure includes hospital stay, 
number of invasive diagnostic tests, costs, and quality of life.
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PBD for Proximal Obstruction
Hilar cholangiocarcinoma remains one of the most difficult tumors in terms of stag-
ing and radical treatment.58 Furthermore, the correct mode of preoperative manage-
ment is still under debate.59;60 Most patients with hilar cholangiocarcinoma show 
liver dysfunction caused by obstructive jaundice, which has proven to be a significant 
risk factor in major liver resection.61-63

As mentioned earlier animal studies concerning PBD are convincing in terms 
of complication reduction, clinical studies report conflicting results.64-67 Two rand-
omized controlled trials, in which a ‘PBD strategy’ was compared to ‘early-surgery 
strategy’ in jaundiced patients, including patients with proximal lesions, did not dis-
play a difference in perioperative mortality, however encountered a high rate of PBD 
procedure related complications.68;69 Cautious interpretation is warranted while these 
studies used outdated techniques, included a variety of causes of biliary obstruction, 
but moreover, comprising only a limited number of patients with proximal cholangi-
ocarcinoma. A prospective cohort study found a significantly higher rate of infectious 
complications if PBD was applied, whereas another study concluded that routine use 
of PBD was not justified, since mortality was not significantly different and recovery 
of hepatic synthetic function was identical to that of nonjaundiced patients.70;71

In contrast, Japanese literature is unanimous in advising and emphasizing the 
benefit of PBD.72-74 The postoperative mortality rates after major liver resections per-
formed for hilar cholangiocarcinoma in Japan are low, currently between 0% and 
9%, for which many consider PBD an essential element in preoperative manage-
ment.73-76 Most centers agree that tumors requiring extensive liver resection, biliary 
drainage of at least the future remnant liver is necessary to prevent hepatic failure.77 
The introduction of preoperative portal embolization, to induce hypertrophy of the 
future remnant liver, the application of wider resection margins and the develop-
ment of new endoscopic techniques are other factors that have led towards a favorable 
attitude for a preoperative drainage strategy.78

The technique of PBD for proximal obstruction as well as which part of the liver 
should be drained is an ongoing controversy. External drainage by PTC is traditionally 
the preferred method for relief of obstructive jaundice due to proximal obstruction. 
Endoscopic biliary drainage, although a less invasive technique, carries the increased 
risk of developing cholangitis due to bacterial contamination from the duodenum.78 
Moreover, endoscopic biliary drainage implicates total biliary drainage (TBD) (entire 
liver), or at best hemihepatic drainage by left or right hepatic duct drainage, whereas 
drainage via PTC offers the possibility to perform more selectively segmental drain-
age. An argument for selective biliary drainage (SBD) is the subsequent induction 
of hypertrophy of the future remnant liver and atrophy of the future resected part of 
the liver.79;80 A retrospective cohort study investigated 42 consecutive patients who 
underwent SBD or TBD before hepatectomy.81 SBD was found not to increase the 
risk for cholangitis, compared with TBD. In association with portal vein emboliza-
tion SBD was superior to TBD in promoting hypertrophy of the future remnant liver, 
whereby extended hemihepatectomy could be performed more safely. Although not 
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in the perspective of PBD, the only existing prospective randomized controlled trial 
comparing TBD versus SBD, appointed patients with unresectable hilar bile duct 
tumors to undergo either unilateral or bilateral endoscopic hepatic duct drainage.82 
Unilateral drainage resulted in higher technical success rate of stent insertion and a 
significantly lower incidence of complications, mainly early cholangitis.

In spite of the presumed advantages of PTC drainage over endoscopic drainage 
it should be noted that no clinical randomized controlled trials exist regarding the 
most optimal route of drainage in terms of complication reduction and patient bur-
den. Currently the preferred technique of biliary drainage prior to surgery for a proxi-
mal bile duct tumor depends on local expertise mainly.

SUmmARY AND CONCLUSION

Obstructive jaundice is the most prevalent symptom in potentially resectable both 
distal and proximal lesions of the extrahepatic biliary tract/pancreatic head area. The 
presence of toxic substances as bilirubin and bile salts, impaired liver function and 
altered nutritional status due to obstructive jaundice have been characterized as fac-
tors for development of complications. Whereas PBD was to yield beneficial effects 
in experimental models, conflicting results have been observed in human studies. 
For distal obstruction currently the ‘best- evidence’ available clearly shows that PBD 
should not be performed routinely. Unfortunately most of the available data is out-
dated and, hopefully, will the large prospective randomized controlled DROP-trial 
solve the dilemma whether or not PBD as additional procedure improves surgical 
outcome to such extent that postponement to resection of progressive malignant dis-
ease is justified.57 Highest level of evidence for PBD to be performed in proximal 
obstruction, as well as over the preferred mode, is lacking, but nevertheless assimi-
lated in the preferred treatment algorithm for many centers. Logistics pose an unde-
sirable, although sometimes inevitable, argument to perform PBD.
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ABSTRACT

Fibroblast growth factor 19 (FGF19) is an endocrine factor produced by the small 
intestine in response to uptake of luminal bile salts. In the liver, FGF19 binds to FGF 
receptor-4, resulting in down-regulation of cytochrome P (CYP) 7A1 and reduced bile 
salt synthesis. Down-regulation of CYP7A1 under cholestatic conditions has been 
attributed to bile salt–mediated induction of the transcriptional repressor short het-
erodimer partner (SHP), because the interrupted enterohepatic cycle of bile salts 
is thought to abrogate intestinal FGF19 production and thus result in lowering of 
plasma FGF19 levels. Unexpectedly, we observed marked elevation of plasma FGF19 
in patients with extrahepatic cholestasis caused by a pancreatic tumor (2.3 ± 2.3 in 
cholestatic versus 0.40 ± 0.25 ng/mL and 0.29 ± 0.12 ng/mL in postcholestatic patients 
who received preoperative drainage by biliary stenting, P=0.004, and noncholestatic 
control patients, P=0.04, respectively). Although FGF19 messengerRNA(mRNA) is 
virtually absent in normal liver, FGF19 mRNA was strongly increased (31-fold to 374-
fold, P<0.001) in the liver of cholestatic patients in comparison with drained and con-
trol patients. In the absence of changes in SHP mRNA, CYP7A1 mRNA was strongly 
reduced (7.2-fold to 24-fold, P<0.005) in the liver of cholestatic patients in compari-
son with drained and control patients, indicating an alternative regulatory pathway. 
Alterations in transcripts encoding hepatobiliary transporters [adenosine triphos-
phate–binding cassette, subfamily C, member 3 (ABCC3)/multidrug resistance pro-
tein 3 (MRP3), organic solute transporter α/β (OST α/β), organic anion-transporting 
polypeptide (OATP1B1)] further suggest that bile salts are secreted via a nonbiliary 
route in patients with extrahepatic cholestasis.

Conclusion
The liver expresses FGF19 under conditions of extrahepatic cholestasis. This is 
accompanied by a number of adaptations aimed at protecting the liver against bile 
salt toxicity. FGF19 signaling may be involved in some of these adaptations.
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INTRODUCTION

Because they are potent detergents, synthesis of bile salts is subject to rigorous reg-
ulation.1;2 The principal target for control of bile salt synthesis is the cytochrome 
P (CYP) 7A1 gene, which encodes the rate-determining enzyme in the dominant 
biosynthetic pathway. Regulation of CYP7A1 occurs primarily at the transcriptional 
level and involves several nuclear hormone receptors. Among these ligand-activated 
transcription factors, the bile salt receptor FXR (farnesoid-X Receptor) plays a key 
role in bile salt-mediated repression of CYP7A1.2-4 Activation of hepatic FXR induces 
expression of short heterodimer partner (SHP), a transcriptional repressor that 
diminishes the transactivation potential of several transcription factors required for 
efficient CYP7A1 expression.3-5 Activation of intestinal FXR by reabsorbed bile salts 
induces expression and portal release of FGF19 (Fibroblast Growth Factor 19, termed 
Fgf15 in rodents).6;7 Binding of FGF19/Fgf15 to the cell surface receptor FGFR4 results 
in activation of mitogen-activated protein kinase pathways and down-regulation of 
CYP7A1.7;8 Studies in mice with intestine- or liver-specific disruption of the Fxr gene, 
revealed that administration of a synthetic FXR agonist failed to repress Cyp7a1 in 
animals deficient in intestinal Fxr.9 This study thus implied an important role for 
intestinal Fgf15 in regulation of bile salt synthesis.

Impaired bile formation or bile flow can result in intrahepatocytic accumulation 
of bile salts and concomitant activation of hepatic FXR. This would result in repres-
sion of CYP7A1 via transcriptional induction of SHP. Reduced levels of CYP7A1 in 
liver of patients with primary biliary cirrhosis (PBC) or biliary atresia, however, were 
not accompanied by changes in SHP messenger RNA (mRNA), suggestive for the 
involvement of another regulatory pathway.10;11 Whether FGF19 contributes to regula-
tion of bile salt synthesis under cholestatic conditions is currently unknown. Inter-
ruption of the enterohepatic cycle of bile salts likely abrogates intestinal FGF19 expres-
sion. Combined with absent expression of FGF19 in normal human liver, plasma 
FGF19 is thus expected to be lowered in patients with extrahepatic cholestasis.6;7;12 
In the current study, we sought to determine plasma FGF19 levels in patients with 
extrahepatic cholestasis, to address the role of FGF19 in regulation of CYP7A1 expres-
sion under conditions of extrahepatic cholestasis, and to study adaptive changes in 
the liver under conditions of extrahepatic cholestasis.
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PATIENTS AND mETHODS

Patients
Intraoperatively liver biopsies (n=22) were obtained from patients suspected to have a 
pancreatic or periampullary malignancy. Patients were recruited at the Department 
of Surgery and were planned to undergo resection (pancreatoduodenectomy) with 
curative intent. Twenty of 22 patients had obstructive jaundice caused by periampul-
lary tumor growth at initial presentation. Most jaundiced patients participated in an 
ongoing clinical trial on the effect of preoperative biliary drainage (www.isrctn.org, 
trial number: ISRCTN31939699).13 Ten jaundiced patients underwent surgery within 
one week without preoperative biliary drainage (cholestatic group). The remaining 
jaundiced patients received a biliary stent for a mean duration of 12 ± 5 weeks before 
surgery (drained group, n=10). Control liver tissue (control group, n=10) was obtained 
from non-jaundiced patients with a pancreatic malignancy (n=2; neuroendocrine 
tumor = 1, tumor of the pancreatic head = 1) and from patients undergoing liver resec-
tion (n=8; focal nodular hyperplasia = 2, hemangioma = 3, adenoma = 3). In the latter 
case, normal liver parenchyma was dissected from the resected liver specimen. All 
surgical specimens were collected in the morning (08:00 AM to 12:00 noon). Liver 
specimens were collected in RNAlater (Ambion) or Trizol (Invitrogen) and stored at 
–80°C until RNA isolation. Patients gave their informed consent to the respective pro-
tocols of the studies, which were approved by the local Medical Ethical Committee.

Quantification of Hepatic Transcript Levels
Total RNA was isolated from liver specimens using Trizol reagent (Invitrogen). 
After DNAse treatment (Promega), 1.25 µg total RNA was reverse transcribed using 
oligo-dT priming and SuperscriptII (Invitrogen). First-strand complementary DNA 
equivalent to 12.5 ng total RNA was used as template for real-time polymerase chain 
reaction analysis employing SybrGreen chemistry (LightCycler FastStartPlus, Roche) 
and a LightCycler2.0 System (Roche, Basel, Switzerland). Melting curve analysis 
was performed after each run to ensure amplification specificity. Transcript levels, 
determined in two independent complementary DNA preparations, were calcu-
lated as described and expressed relative to the 36B4 housekeeping gene.14;15 Primer 
sequences and cycling conditions are available on request.

Determination of Plasma FGF19
Preoperation plasma samples were available from 16 out of 22 patients with a pancre-
atic malignancy, but were not available from the patients undergoing liver resection. 
Plasma samples were stored at –80°C until analysis. Plasma FGF19 levels were deter-
mined using an in-house developed sandwich enzyme-linked immunosorbent assay 
specific for FGF19, which will be described in detail elsewhere.16 Briefly, microtiter 
plates were coated with goat anti-human FGF19 antibody (AF969, R&D Systems, 
Minneapolis, MN). Samples and recombinant FGF19 standards (R&D Systems) were 
diluted in phosphate-buffered saline containing 1.0% casein and 0.05% Tween-20. 
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Captured antigen was detected with biotinylated goat anti-human FGF19 antibody 
(BAF969, R&D Systems) and streptavidin-horseradish peroxidase, using tetrameth-
ylbenzidine as chromogenic substrate. Bilirubin and bile salt levels encountered in 
cholestatic plasma samples did not interfere with the quantification of FGF19.

Statistics
Differences between the three patient groups were evaluated by one-way analysis of 
variance (ANOVA) and Tukey honest significance difference or Games-Howell post-
hoc tests. Values were log transformed if normality (Shapiro-Wilk test) or equality of 
variance (Levene’s test) assumptions were rejected. Non-parametric Kruskal-Wallis 
testing was used when criteria for ANOVA were not met after log transformation. 
Fischer’s exact test was used for analysis of categorical data. SPSS (version 16.0) was 
used for all statistical analyses. P<0.05 was considered significant. Data are expressed 
as mean ± standard deviations.

RESULTS

Plasma FGF19 is Elevated in Patients with Extrahepatic Cholestasis
Plasma samples were collected from noncholestatic patients, postcholestatic patients 
who received a biliary stent, and from cholestatic not-drained patients with a pan-
creatic or periampullary malignancy. The patient group characteristics are shown 
in Table 1.

Table 1 Demographics and Serum Biochemistry of the Patient Groups.

Control Drained Cholestatic P-value

Male/Female 2/8 8/2 6/4 0.037A

Age (years) 45±9 69±10 63±11 <0.001A,B

Total Bilirubin (µmol/L) 11.0±4.7 16.2±10.0 200.3±72 <0.001B,C

Direct Bilirubin (µmol/L) 1.7±1.5 3.0±3.7 160.3±59 0.002B,C

Total Bile Salts (µmol/L) 8.5±4.8 10.2±6.2 215±125 0.004B,C

γGlutamylTranspeptidase (U/L) 89±88 309±197 920±666 <0.001A,B

Alkaline Phosphatase (U/L) 92±36 232±131 577±208 <0.001A,B,C

AST (U/L) 25±9.6 48.6±34.6 238±148 <0.001A,B

ALT (U/L) 31.2±23.1 46.1±23.4 495±298 <0.001B,C

C-Reactive Protein (mg/L) 5.3±6.0 16.5±23.1 9.8±7.4 0.34
FGF19 (ng/mL) 0.29±0.12 0.40±0.25 2.33±2.31 0.007 B,C

Values are expressed as mean ± standard deviation. Significance was evaluated by Fischer’s exact test, 
ANOVA, or Kruskal-Wallis test. Capital letters indicate significance (P<0.05) for post-hoc comparisons 
between control and drained (A), control and cholestatic (B), and drained and cholestatic (C) groups.

As expected, patients receiving preoperative biliary drainage had normal bilirubin 
and bile salt levels, near normal levels of transaminases, and had significantly lower 
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alkaline phosphatase at the time of surgery. Plasma FGF19 was found to be eightfold 
and sixfold higher in the cholestatic group in comparison with control (P=0.04) and 
drained (P=0.004) patients, respectively (Figure 1, Table 1). Plasma FGF19 levels in 
the control (0.29 ± 0.12 ng/mL) and drained (0.40 ± 0.25 ng/mL) groups were com-
parable to levels in a group of 28 fasted volunteers (0.28 ± 0.20 ng/mL) (Figure 1). In 
six of seven cholestatic patients, plasma FGF19 levels were above the highest value 
observed in fasted volunteers. Furthermore, plasma FGF19 levels in four of seven 
cholestatic plasma samples were still above the highest post-prandial levels in nor-
mal volunteers (Figure 1).

Figure 1  Plasma FGF19 and hepatic FGF19 mRNA levels are elevated in patients with 
extrahepatic cholestasis. Plasma FGF19 levels were determined by sandwich enzyme-
linked immunosorbent assay in samples of volunteers before (fasted) and 3-4 hours 
after an oral fat load (fed), and in pre-operation samples of the patient groups (left 
panel). In volunteers, plasma FGF19 levels peaked 3-4 hours after an oral fat load. 
Hepatic FGF19 mRNA levels were determined by quantitative reverse transcription 
polymerase chain reaction (right panel, note the log scale). FGF19 mRNA was not 
detected in seven of 10 control liver specimens. P-values for post-hoc comparisons 
between the groups are indicated. Statistical comparisons were made only for the 
patient groups.

FGF19 mRNA is Expressed in Liver of Patients with Extrahepatic Cholestasis
Elevated plasma FGF19 in the cholestatic patients prompted us to study expression 
of FGF19 mRNA in the liver, an organ considered to lack FGF19 expression.12 FGF19 
mRNA could be detected in 23 out of 30 liver specimens with relative expression 
levels varying over four orders of magnitude. Average threshold cycle (Ct) for detec-
tion of FGF19 mRNA by real-time polymerase chain reaction was 43.5, 37.9 and 
32.1 for control, drained and cholestatic groups, respectively. FGF19 mRNA was not 
detected in seven of 10 control liver specimens, in line with the reported absence of 
FGF19 in normal adult liver.7;12 Average expression of FGF19 mRNA was 31-fold and 
374-fold higher in the cholestatic group in comparison with drained (P<0.001) and 
control groups (P<0.001), respectively (Figure 1, Table 2). Although FGF19 mRNA 
was readily detected in liver biopsy specimens of all drained patients, the expres-
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53Chapter 3 Expression of FGF19 in Extrahepatic Cholestasis

sion level appeared biologically trivial because plasma FGF19 levels in the drained 
group were similar to control levels. Tumoral FGF19 mRNA expression has been 
observed in cases of primary liver and colon carcinoma, with unknown impact on 
circulating FGF19 levels.17 The observation of normal plasma FGF19 levels in control 
and drained patients with a pancreatic malignancy indicates that the presence of a 
pancreatic tumor per se had no effect on circulating FGF19 levels.

Table 2 Hepatic expression of transcripts engaged in FGF19 signaling and aspects of the 
adaptive response to cholestasis.

Ct Control
(n=10)

Drained
(n=10)

Cholestatic
(n=10) PALL

FGF19 pathway
FGF19 43.1 1.00±2.33 12.0±12.6 374±526 <0.001A,B,C

FGFR4 30.4 1.00±0.60 0.32±0.10 0.55±0.27 0.001A,C

βKlotho 31.0 1.00±0.70 0.95±0.43 0.53±0.40 0.11
Bile salt synthesis
CYP7A1 34.5 1.00±1.05 0.30±0.40 0.04±0.07 <0.001B,C

CYP7B1 27.9 1.00±0.35 0.96±0.13 1.02±0.33 0.97
CYP8B1 22.2 1.00±0.40 0.85±0.16 1.26±0.30 0.017C

CYP27A1 23.9 1.00±0.45 0.59±0.13 0.64±0.15 0.092
Hepatobiliary transport
BSEP (ABCB11) 31.6 1.00±0.45 1.52±0.51 1.70±0.88 0.067
MDR3 (ABCB4) 27.2 1.00±0.32 1.28±0.45 3.16±1.72 0.001B,C

MRP2 (ABCC2) 26.2 1.00±0.33 1.00±0.37 0.94±0.34 0.90
MRP3 (ABCC3) 24.7 1.00±0.27 1.10±0.26 1.69±0.61 0.002B,C

MRP4 (ABCC4) 32.3 1.00±0.52 1.57±0.66 1.77±0.92 0.061
OSTα 28.1 1.00±0.44 1.40±0.43 3.42±1.13 <0.001B,C

OSTβ 39.8 1.00±0.78 3.11±1.70 67±49 <0.001A,B,C

NTCP (SLC10A1) 24.4 1.00±0.32 1.08±0.33 1.06±0.54 0.90
OATP1B1 (SLCO1B1) 24.4 1.00±0.34 1.11±0.38 0.51±0.32 <0.001B,C

Transcription factors
CAR (NR1I3 ) 27.6 1.00±0.40 0.97±0.45 0.70±0.39 0.23
FXRα (NR1H4 ) 29.9 1.00±0.31 1.10±0.48 0.69±0.49 0.038
HNF4α (NR2A1) 30.4 1.00±0.56 0.78±0.29 0.91±0.53 0.69
LRH1 (NR5A2 ) 30.7 1.00±0.25 1.21±0.54 0.83±0.55 0.205
LXRα (NR1H3) 27.3 1.00±0.25 0.74±0.12 0.89±0.25 0.040A

PPARα (NR1C1) 26.2 1.00±0.36 0.92±0.26 0.75±0.30 0.30
PXR (NR1I2) 28.7 1.00±0.42 0.82±0.25 0.76±0.33 0.42
RXRα (NR2B1) 24.8 1.00±0.16 1.11±0.23 0.86±0.28 0.074
SHP (NR0B2) 32.6 1.00±0.65 0.58±0.32 0.76±0.46 0.18
PGC1α 29.2 1.00±0.31 1.41±0.71 0.67±0.46 0.013C

Normalized transcript levels are expressed relative to the mean level in the control group and are 
given as mean ± standard deviation (SD). Ct denotes the mean threshold cycle in the control group, 
the mean Ct value for the 36B4 reference gene in controls is 22.1. Overall significance (PALL) was 
evaluated by ANOVA or Kruskal-Wallis tests. Capitals indicate significance (Pe0.05) for post-hoc 
comparisons between control and drained (A), control and cholestatic (B), and drained and cholestatic 
(C) groups.
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FGF19 exerts its effects by binding to a cell surface receptor. Hepatic mRNA level of 
the FGF19-receptor FGFR4 was slightly elevated (+1.7-fold, P=0.014) in the choles-
tatic group in comparison with the drained group (Supporting Figure S1, Table 2). 
Messenger RNA level of the FGF19-signaling cofactor βKlotho was similar in all 
groups (Supporting Figure S1, Table 2).7;18

Expression of Bile Salt Synthetic Genes in Liver of Patients with 
Extrahepatic Cholestasis
Retention of toxic biliary components under cholestatic conditions initiates a response 
aimed at minimizing hepatocellular damage.19-21 Hepatic expression of four genes 
engaged in bile salt synthesis was determined to examine potential alterations in bile 
salt synthesis or composition. The mRNA level of CYP7A1, the major determinant of 
bile salt synthesis via the prevailing classical pathway, was 24-fold and 7.2-fold lower 
in the cholestatic group in comparison with control (P<0.001) and drained (P=0.005) 
groups, respectively (Figure 2, Table 2). CYP7A1 mRNA was not significantly differ-
ent between control and drained groups. Considerable, but comparable, variation in 
CYP7A1 expression was observed in each patient group causing extreme values to 
have a relatively large impact on group averages. Using geometrical means, CYP7A1 
mRNA expression was 37-fold and 9.8-fold lower in the cholestatic group in compari-
son with control and drained groups, respectively.

Figure 2  Adaptive expression of bile salt synthetic genes in liver of patients with extrahepatic 
cholestasis. Relative transcript levels were determined by quantitative reverse 
transcription polymerase chain reaction. Alterations in CYP7A1 (left panel, note the log 
scale) and CYP8B1 (right panel) mRNA level indicate decreased bile salt synthesis and 
suggest increased bile salt hydrophilicity in cholestatic patients. P-values for post hoc 
comparisons between the groups are indicated.
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Messenger RNA levels of CYP27A1 and CYP7B1, whose gene products are both 
engaged in the alternative acidic pathway of bile salt synthesis, were similar in all 
groups (Supporting Figure 1, Table 2).2 A trend toward lowered CYP27A1 mRNA in 
drained and cholestatic groups was apparent (Supporting Figure 1). The mRNA level 
of the bile salt hydroxylase CYP8B1 appeared modestly elevated (+1.5-fold, P=0.014) 
in the cholestatic group in comparison with the drained group (Figure 2, Table 2).2

Expression of Hepatobiliary Transporters in Liver of Patients with 
Extrahepatic Cholestasis
Messenger RNA levels of the major hepatic transport systems for bile salts, bilirubin 
and their conjugates were determined to study possible adaptive changes in hepato-
biliary transport of these compounds. Basolateral uptake of bile salts is accomplished 
via Na+-dependent (Na/Taurocholate cotransporting polypeptide [NTCP]) and Na+-
independent (organic anion-transporting polypeptide [OATP]) transporters.19-21 
NTCP mRNA level was similar in all groups (Supporting Figure 1, Table 2).

The mRNA level of OATP1B1, which mediates the bulk of Na+-independent bile 
salt uptake and additionally mediates uptake of unconjugated bilirubin and bilirubin 
monoglucuronide, was lower in the cholestatic group in comparison with control 
(-2.2-fold, P=0.002) and drained (-2.4-fold, P=0.001) groups (Figure 3, Table 2).

Both adenosine triphosphate (ATP)–dependent (ATP binding cassette, subfamily 
C, member 3 [ABCC3]/multidrug resistance-related protein 3 [MRP3] and ABCC4/
MRP4) and ATP–independent (organic solute transporter α/β [OST α/β]) transport-
ers are engaged in the basolateral efflux of bile salts and their conjugates.19-21 ABCC3/
MRP3 mRNA was slightly elevated in the cholestatic group in comparison with con-
trol (+1.7-fold, P=0.002) and drained (+1.5-fold, P=0.015) groups (Supporting Figure 
1, Table 2). ABCC4/MRP4 mRNA was not significantly different between the groups, 
although levels tended to be elevated in the cholestatic group in comparison with the 
control group (P=0.059, Supporting Figure 1, Table 2). A notable elevation of OSTα 
(+2.4-fold to 3.4-fold, P<0.001) and OSTβ (+22-fold to 67-fold, P<0.001) mRNA levels 
was noted in the cholestatic group in comparison with drained and control groups 
(Figure 3, Table 2).

Canalicular transporters are engaged in biliary secretion of bile salts (ATP binding 
cassette, subfamily B, member 11 [ABCB11]/bile salt export pump [BSEP] and ABCC2/
MRP2), bilirubin (ABCC2/MRP2), and phospholipids (ABCB4/multidrug resistance 
3 [MDR3]). 19;21 Whereas ABCB11/BSEP and ABCC2/MRP2 mRNA levels were similar 
in all groups, ABCB4/MDR3 mRNA was elevated in the cholestatic group in com-
parison with drained (+2.5-fold, P=0.005) and control (+3.2-fold, P=0.001) groups 
(Figure 2, Table 2).
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Figure 3  Adaptive expression of hepatobiliary transporter genes in liver of patients with 
extrahepatic cholestasis. Relative transcripts levels were determined by quantitative 
reverse transcription polymerase chain reaction. Alterations in transporters engaged 
in basolateral bile salt uptake (OATP1B1, upper left panel) and efflux (OSTα, lower 
left panel, OSTβ, lower right panel, note the log scale) are indicative for a reduced 
intracellular bile salt load through reduced basolateral uptake and enhanced 
hepatocellular efflux of bile salts. Enhanced MDR3/ABCB4 (upper right panel) 
expression may protect the biliary epithelium by neutralizing bile salt toxicity. P-values 
for post hoc comparisons between the groups are indicated.
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Expression of Nuclear Receptors in Liver of Patients with Extrahepatic 
Cholestasis
Nuclear receptors bring about many of the transcriptional changes that underlie adap-
tation of the liver to cholestasis.19;21;22 Expression of nine nuclear receptors engaged 
in different aspects of the hepatic response to cholestasis was examined. Except for 
a minor reduction of liver X receptor alpha in the drained group in comparison with 
the control group (-1.4-fold, P=0.032) and a trend toward lower levels of FXR mRNA 
in the cholestatic group in comparison with control (-1.4-fold, P=0.075) and drained 
(-1.6-fold, P=0.058) groups (Supporting Figure 1), constitutive androstane recep-
tor, hepatocyte nuclear factor, 4α liver-receptor homolog 1, peroxisome proliferator-
activated receptor alpha, pregnane X receptor, retinoid X receptor alpha, SHP were 
similar in all groups. The mRNA level of the transcriptional co-activator peroxisome 
proliferator-activated receptor gamma coactivator 1 alpha (PGC1α) was lower (-2.1 fold, 
P=0.01) in the cholestatic group in comparison with the drained group.

Modulation of Hepatic Gene Expression under Conditions of Extrahepatic 
Cholestasis
In the preceding sections, ANOVA was used to test for differences in transcript lev-
els among control, drained and cholestatic groups (Table 2). To scrutinize genes 
whose expression is altered under the studied conditions of extrahepatic cholestasis, 
ANOVA with contrast testing was performed. For this analysis, the two nonchole-
static groups (in other words the control and drained groups) were compared with 
the cholestatic group. Clinical criteria (total bilirubin <17 µmol/L) justify the treat-
ment of the drained group as a non-cholestatic group. Equal weights were assigned 
to the contrast values for the control and drained groups. The results of the analysis 
are shown in Table 3 and Supporting Table 1. All major findings obtained by non-
contrasted ANOVA were recapitulated by contrast tests; in other words, the expres-
sion of FGF19, CYP7A1, CYP8B1, ABCB4/MDR3, ABCC3/MRP3, OSTα, OSTβ, and 
OATP1B1 is significantly altered under the studied conditions of extrahepatic chol-
estasis. In addition, significant reductions of βKlotho, FXR, PGC1α, and retinoid X 
receptor alpha mRNA level in the liver of patients with extrahepatic cholestasis were 
uncovered.
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Table 3 Hepatic transcripts significantly modulated under conditions of extrahepatic 
cholestasis.

Transcript Change P-value

FGF19 pathway
FGF19 +57.3 <0.001
βKlotho -1.8 0.039

Bile salt synthesis
CYP7A1 -15.7 <0.001
CYP8B1 +1.4 0.008

Hepatobiliary transport
MDR3 (ABCB4) +2.8 <0.001
MRP3 (ABCC3) +1.6 0.001
OSTα +2.8 <0.001
OSTβ +32.6 <0.001
OATP1B1 (SLCO1B1) -2.1 <0.001

Transcription factors
FXRα (NR1H4 ) -1.5 0.011
RXRα (NR2B1) -1.2 0.042
PGC1α -1.8 0.013

Alteration of gene expression under conditions of extrahepatic cholestasis was tested by ANOVA with 
contrasts between noncholestatic (control and drained groups) and cholestatic groups. The fold change 
was calculated by dividing mean expression level in the cholestatic group (n=10) and mean expression 
level in the noncholestatic group (n=20).

DISCUSSION

In patients with malignancy of the pancreatic head or periampullary region, expan-
sion of the tumor mass often leads to bile duct obstruction. The accumulation of 
biliary constituents in the liver triggers an adaptive response that aims to minimize 
hepatocellular damage by reducing de novo bile salt synthesis and promoting non-
biliary secretion routes. In the current study, we found indications for decreased 
bile salt synthesis (decreased CYP7A1 mRNA), decreased bile salt toxicity in the bile 
ducts (increased ABCB4/MDR3 mRNA) and enhanced hepatocellular bile salt efflux 
(decreased OATP1B1 mRNA, increased ABCC3/MRP3, OSTα, OSTβ mRNA) in the 
liver of patients with extrahepatic cholestasis. These findings extend observations in 
patients with other forms of cholestasis, such as PBC and biliary atresia.10;11;19 How-
ever, an important novel aspect of the current work is the finding that plasma FGF19 
is markedly elevated (six-fold to eight-fold) in patients with extrahepatic cholestasis.

FGF19 is produced by enterocytes in the terminal ileum in response to reabsorbed 
bile salts. FGF19 is not expressed in normal liver.7;12 However, we found high levels 
of FGF19 mRNA in liver of patients with extrahepatic cholestasis (Figure 1). In view 
of the interrupted enterohepatic circulation in these patients, the contribution of the 
ileum to the plasma FGF19 pool is expected to be minimal.6 Hence, it is conceivable 
that the strongly up-regulated hepatic expression of FGF19 mRNA accounts for the 
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observed increase in plasma FGF19 in these cholestatic patients (Table 1). Patients 
who received a biliary stent to restore normal bile flow and normal bile salt levels 
had substantially lower levels of hepatic FGF19 mRNA and their plasma FGF19 levels 
appear comparable to those in control patients and fasted volunteers. Although these 
clinical studies do not allow us to exactly define the mechanism behind the up-reg-
ulation of FGF19 mRNA in patients with a chronic obstruction of the biliary tree, it 
is likely that the increased serum bile salt levels in these patients activate FXR in the 
liver and that this induces FGF19 expression. Unlike in human subjects with extra-
hepatic cholestasis, we could not detect expression of the FGF19-orthologue Fgf15 in 
the liver of mice with extrahepatic cholestasis, that is, bile duct-ligated mice (data not 
shown). Thus, mice appear inappropriate to delineate the mechanism behind induc-
tion of hepatic FGF19 under conditions of extrahepatic cholestasis.

Expression of CYP7A1, a key determinant of bile salt synthesis, is positively regu-
lated by liver-receptor homolog 1, hepatocyte nuclear factor 4α and the transcriptional 
coactivator PGC1α.2-4 The transcriptional repressor SHP exerts negative regulation 
of CYP7A1 expression by diminishing the transactivation potential of hepatocyte 
nuclear factor 4α and liver-receptor homolog 1.3;4 Although mRNA for FXR and 
its transcriptional coactivator PGC1α are somewhat lower in the cholestatic group 
(Table 3, Supporting Figure 1), the elevated expression of FXR-target genes (FGF19, 
MDR3/ABCB4, OSTα, OSTβ) indicate effective FXR activation in the liver of chole-
static patients (Supporting Figure 1, Table 2).23 Nonetheless, hepatic mRNA level of 
the FXR-target SHP was not elevated. Despite this lack of SHP induction, CYP7A1 
mRNA level was drastically lower (7.2-fold to 24-fold) in the cholestatic group in 
comparison with drained and control groups. FGF19 is a newly recognized negative 
regulator of CYP7A1 expression.6-9 FGF19 appears to repress CYP7A1 independent of 
changes in SHP mRNA.6;8 Elevation of plasma FGF19 in the cholestatic patients may 
thus have accounted for the observed repression of CYP7A1. Intriguingly, the lack 
of hepatic Fgf15 mRNA expression in bile-duct ligated mice (data not shown) may 
underlie the observed up-regulation of Cyp7a1 expression in bile duct-ligated mice.6 
Molecular mechanisms for repression of CYP7A1 by FGF19 are still incompletely 
understood and require additional studies.

Apart from lowered levels of CYP7A1 mRNA, changes in hepatobiliary trans-
porter expression were apparent in liver of the cholestatic patients. Reduced basolat-
eral uptake of bile salts in liver of cholestatic patients is suggested by lowered levels of 
OATP1B1 mRNA. Although the FXR/SHP pathway has been implicated in repression 
of OATP1B1, the absence of SHP mRNA induction in the liver of cholestatic patients 
leaves the possibility that FGF19 signaling is involved in the observed down-regula-
tion of OATP1B1.19;22 Along with OATP1B1, NTCP is responsible for the majority of 
bile salts taken up by the liver. No changes in NTCP mRNA level were apparent in the 
liver of cholestatic patients and in previously described PBC patients, although NTCP 
mRNA were reported to be lower in patients with inflammatory cholestasis and bil-
iary atresia.10;24 Combined with reduced basolateral uptake, alterations in transport-
ers promoting basolateral efflux of bile salts (ABCC3/MRP3, OSTα/β) may further 
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reduce the intracellular bile salt load in cholestatic liver and allow bile salts to be 
secreted via a nonbiliary (renal) route. ABCC3/MRP3 mRNA was modestly elevated 
in liver of cholestatic patients, whereas induction of OSTα/β mRNA was more pro-
nounced. Similar observations have been reported for patients with PBC and biliary 
atresia.10;25;26

Expression of the phospholipid floppase ABCB4/MDR3 is elevated in the liver of 
cholestatic patients. This may increase the amount of phosphatidylcholine that is 
available at the outer canalicular leaflet for mixed micelle formation and thus may 
represent an adaptive change favoring protection of downstream bile duct epithelium 
against bile salt toxicity. Similar to observations made in patients with inflammatory 
cholestasis and PBC, ABCB11/BSEP mRNA was unaltered in the liver of cholestatic 
patients studied here.26 Maintenance of ABCB11/BSEP expression may reduce bile salt 
load in the hepatocyte but may also cause a high bile salt concentration in the biliary 
tree with bile duct proliferation as possible consequence. No induction of this direct 
FXR target gene was observed in liver of the cholestatic patients (Supporting Table 1). 
Further studies are required to shed light on the apparently abrogated up-regulation 
of some FXR targets (for example SHP and ABCB11/BSEP) under these cholestatic 
conditions. Interestingly, lowered levels of FXR mRNA were observed in liver of the 
cholestatic patients studied here (Table 3) and in patients with biliary atresia.

In summary, we observed strong expression of hepatic FGF19 mRNA and elevated 
plasma FGF19 in patients with extrahepatic cholestasis. Although prolonged chole-
static conditions appear to limit SHP mRNA induction, persistent up-regulation of 
hepatic FGF19 expression may allow effective suppression of CYP7A1 by a paracrine 
mode of action. It will be interesting to learn whether and how FGF19 affects expres-
sion of other genes relevant to the adaptive response in cholestasis, and whether 
FGF19 is involved in the regulation of bile salt homeostasis in chronic cholestatic 
liver diseases such as PBC and primary sclerosing cholangitis.
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Supplementary Table 1  Hepatic genes whose expression is not changed under conditions of 
extrahepatic cholestasis.

Transcript Change P-value

FGF19 pathway
FGFR4 -1.2 0.92
Bile salt synthesis
CYP7B1 +1.0 0.79
CYP27A1 -1.2 0.09
Hepatobiliary transport
BSEP (ABCB11) +1.3 0.20
MRP2 (ABCC2) -1.1 0.65
MRP4 (ABCC4) +1.4 0.09
NTCP (SLC10A1) +1.0 0.90
Transcription factors
CAR (NR1I3 ) -1.4 0.09
HNF4α (NR2A1) +1.0 0.77
LRH1 (NR5A2 ) -1.3 0.14
LXRα (NR1H3) +1.0 0.85
PPARα (NR1C1) -1.3 0.10
PXR (NR1I2) -1.2 0.29
SHP (NR0B2) +1.0 0.87

Alteration of gene expression under conditions of extrahepatic cholestasis was tested by ANOVA with 
contrasts between non-cholestatic (control and drained groups) and cholestatic groups. The fold 
change was calculated by dividing mean expression level in the cholestatic group (n=10) and mean 
expression level in the non-cholestatic group (n=20).
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ABSTRACT

Goals
To evaluate the function of coagulation and fibrinolysis in cholestatic patients before 
and after preoperative biliary drainage (PBD).

Background
Cholestasis owing to an obstructive biliary malignancy is associated with postopera-
tive complications related to a proinflammatory state, an impaired hepatic synthesis 
function, and a potential derangement of hemostasis. Hence, PBD is advocated for 
cholestatic patients undergoing major surgery.

Study
Plasma coagulation and fibrinolytic parameters were assessed in 24 cholestatic 
patients and 10 controls. In 9 cholestatic patients, the parameters were reassessed at 
least 4 weeks after PBD.

Results
Compared to controls, cholestatic patients showed lower concentrations (P<0.001) of 
plasma vitamin K-dependent factors II and VII, whereas prothrombin time, activated 
partial thromboplastin time, and factor V were unaltered. Thrombin generation 
was increased in cholestatic patients, as reflected by higher plasma concentrations 
of thrombin-antithrombin complexes and D-dimers. Fibrinolysis was significantly 
impaired as evidenced by low plasminogen activator activity (PAA) owing to an 
increase in plasminogen activator inhibitor-1. Elevated markers for thrombin gen-
eration (thrombin-antithrombin) decreased after PBD from 10.7 ± 1.2 to 5.7 ± 0.7ng/
mL (P<0.05). Additionally, impairment of fibrinolysis in cholestatic patients resolved 
after PBD (plasminogen activator inhibitor-1 levels decreased from 19 ± 1 to 10 ± 1 IU/
mL and plasminogen activator activity increased from 82 ± 3% to 110 ± 4%, respec-
tively). D-dimers remained unaltered after PBD, likely because of normalization of 
coagulation and fibrinolytic activity.

Conclusions
Obstructive cholestasis is associated with a procoagulant state, despite an impaired 
vitamin K-dependent coagulation factor synthesis. Virtually all alterations in coagu-
lation and fibrinolysis were reversed by biliary drainage.
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INTRODUCTION

Patients with severe cholestasis in consequence to biliary tract obstruction are at risk 
for postoperative complications when undergoing procedures, such as pancreatoduo-
denectomy and extended liver resection1-4. These complications have been associated 
with impaired hepatic protein synthesis and a pro-inflammatory state5. A derange-
ment of hemostasis could also play a role. Analysis of global routine coagulation 
parameters, such as prothrombin time (PT) and activated partial thromboplastin 
time (aPTT) at the time of surgery are typically near or within the normal range in 
cholestatic patients. Whether a more detailed analysis of coagulation and fibrinoly-
sis results in out-of-range values, as was shown in a rabbit model of cholestasis6, is 
unknown.

The liver plays a central role in the regulation of coagulation and fibrinolysis. 
Hepatocytes synthesize the vast majority of coagulation factors, their inhibitors, and 
compounds of the fibrinolytic system. The hepatic clearance of activated clotting pro-
teases and protease inhibitor complexes further modulates coagulation activation. 
Obstructive cholestasis may impair the synthesis of coagulation factors as a result 
of bile acid-induced hepatocyte damage7 and a diminished absorption of fat-soluble 
vitamin K from the gut8;9, which is required for the synthesis of vitamin K-dependent 
coagulation factors [e.g., factors (f)II, VII, IX, and X and proteins C and S]. An imbal-
ance in secondary hemostasis may lead to increased blood loss during major surgery, 
although compromised hepatic synthesis of fibrinolytic components may alleviate 
the hemostatic disorder.

This disequilibrium may be even more pronounced, as cholestasis and bile acid 
deficiency in the intestinal lumen are associated with an impaired intestinal immune 
defense, enhanced intestinal permeability, and, consequently an increased exposure 
of Kupffer cells and sinusendothelial cells in the portal circulation to bacterial wall 
constituents, such as lipopolysaccharide, leading to a diminished clearance function 
of Kupffer cells and cytokine-mediated aggravation of hepatocyte secretion failure.10;11 
The interaction of lipopolysaccharide with Hageman factor (intrinsic pathway) and 
the effect on thrombin formation does not seem to play a major role in the relation 
between inflammation and coagulation.12 Nevertheless, the inflammatory response 
as a consequence of obstructive cholestasis could result in a procoagulant state ini-
tiated through tissue factor and amplified by the downregulation of physiological 
anticoagulant pathways and endogenous fibrinolysis.6;13 This may ultimately lead to 
microvascular or clinically evident thrombotic events and/or disseminated intravas-
cular coagulation.14

Preoperative biliary drainage (PBD) is generally advocated to improve the surgical 
outcome in patients with cholestasis undergoing major surgery. Although beneficial 
results of PBD have been demonstrated in experimental studies,15 the exact role of 
PBD in patients with obstructive cholestasis remains unclear.16 Moreover, endoscopic 
stent placement harbors specific complications that negatively affect the overall treat-
ment outcome.17;18 To date, studies on the effect of severe cholestasis on the systemic 
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inflammatory state are limited in scope and did not include an incisive analysis of 
coagulation and fibrinolysis.6;8;19;20 Therefore, this study was conducted to assess the 
activation state of coagulation and fibrinolysis in cholestatic patients before and after 
PBD.

mATERIALS AND mETHODS

Study Population
Patients with obstructive cholestasis owing to a suspected pancreatic or periamp-
ullary malignancy were recruited at the Academic Medical Center in Amsterdam 
between March 2007 and June 2008 and were scheduled to undergo resection (pan-
creatoduodenectomy) with curative intent. For this study all patients or their legal 
representatives provided written informed consent before inclusion. The study was 
approved by the institute’s medical ethics committee as part of an ongoing clini-
cal trial on the effect of PBD (trial number: ISRCTN31939699).21 Eligible patients 
had obstructive cholestasis with total bilirubin plasma levels of ≥50µmol/L and were 
scheduled for operation. Exclusion criteria were prior biliary drainage attempts, 
ongoing cholangitis, defined as elevation in temperature to ≥38.5ºC with a suspected 
biliary cause, and the need for an intervention. Other exclusion criteria included the 
use of anticoagulants, antibiotic therapy, and/or vitamin K substitution. Twenty-four 
patients were included of whom 12 were randomized to an early-surgery strategy 
without PBD, and 12 patients were randomized to a biliary drainage strategy with 
PBD for a median duration of 6 (range 4 – 8) weeks by endoscopic biliary stent place-
ment followed by surgery.

The control group consisted of patients with newly diagnosed colon carcinoma, 
pre-operatively sampled, who had not received (neoadjuvant) chemotherapy or other 
form of treatment.

Sampling
Blood was obtained before endoscopic stent placement (t=0) and after a minimum 
of 4 weeks internal biliary drainage (t=1). Nine of the twelve drained patients were 
sampled after PBD. The other 3 patients were not followed up because of sampling 
failure (n=1), hospital transfer (n=1), and the occurrence of multiple episodes of chol-
angitis with stent exchanges (n=1). Patients who underwent early surgery without 
PBD within 1 week after diagnosis were sampled at one time point only (t=0).

Blood was collected into Vacutainer tubes containing EDTA for the determination 
of blood counts, heparin for the determination of bilirubin, alkaline phosphatase 
(AP), and other routine chemical measurements, and citrate for the determination of 
coagulation and fibrinolysis parameters. Blood was centrifuged at 5,000×g for 15min 
at 4ºC and plasma was separated and processed immediately or stored at -80ºC until 
further use.
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Assays

Cholestasis, hepatic damage, and other routine parameters
Total bilirubin and AP were measured by routine laboratory assays to confirm 
obstructive cholestasis. Similarly, aspartate aminotransferase, alanine aminotrans-
ferase, and C-reactive protein (CRP) were assayed in heparinized plasma as markers 
for hepatocellular damage and inflammation. Blood counts (leukocytes and platelets) 
and hemoglobin were measured by conventional clinical chemistry from whole blood 
samples.

Coagulation and fibrinolysis parameters
Prothrombin time (PT) and activated partial thromboplastin time (aPTT) were meas-
ured directly after sampling on a STA-R analyzer. PT was expressed as international 
normalized ratio. Citrate-anticoagulated plasma samples that had been stored at 
-80°C were used for the determination of factors II, V, and VII by a 1-stage clot-
ting assay on the STA-R analyzer with STA reagents (Diagnostica Stago, Asnières, 
France). Antithrombin III was also determined on the STA-R using a chromogenic 
substrate assay. Thrombin-antithrombin (TAT) complexes (Enzygnost, Behring, 
Marburg, Germany) and D-dimers (D-dimer Vidas DD, bioMérieux, Paris, France) 
were measured by ELISA. Plasma levels of fibrinogen were assayed using STA fibrin-
ogen reagent (Diagnostica Stago) according to the method of Clauss.22

Citrate-anticoagulated plasma samples were used for the determination of plas-
minogen activator activity (PAA) and plasminogen activator inhibitor-1 (PAI-1). PAA 
was measured by an automated amidolytic assay.23 Briefly, 25µL of plasma was mixed 
with 0.1mol/L Tris-HCl, pH=7.5, 0.1% (v/v) Tween-80, 0.3mmol/L S-2251 (Chromog-
enix, Mölndal, Sweden), 0.13µmol/L plasminogen (Chromogenix) and 0.12mg/mL 
cyanogen bromide-digested fibrinogen fragments (Chromogenix) in a final volume 
of 250µL. The amount of plasmin formed under these conditions is proportional 
to the PAA concentration and can be detected spectrophotometrically after the con-
version of the chromogenic substrate. PAI-1 activity was measured by an amidolytic 
method as described earlier.24 Plasma was incubated with a fixed excess of tissue-
type plasminogen activator (tPA) (40IU/mL) (Chromogenix) for 10 minutes at room 
temperature. The residual tPA activity was assayed by incubation with 0.13µmol/L 
plasminogen, 0.12mg/mL cyanogen bromide-digested fibrinogen fragments, and 
0.1mmol/L S-2251 (Chromogenix). Under these conditions, the plasmin generated is 
inversely proportional to the amount of PAI-1 present. Both PAA and PAI-1 activity 
were measured using normal human plasma as reference.

Statistics
Statistical analysis was performed using the Statistical Package for Social Sciences 
(SPSS, Chicago, IL). Results are presented as mean ± SEM. Differences were tested 
using the Mann-Whitney U test and the Wilcoxon signed-rank test for two related 
samples. A P-value of <0.05 was considered statistically significant.
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RESULTS

Patients
Ten control patients and 24 cholestatic patients were included in the study. In 9 of 
the cholestatic patients, blood was sampled before PBD (t=0) and at least 4 weeks 
after PBD (t=1). The mean age was 66 (range 43–77), the number of male and female 
patients was 16 (67%) and 8 (33%), respectively. The mean age of patients with colon 
carcinoma (control group) was 65 years (range 54–80), consisting of 7 males and 3 
females. The histopathologically confirmed diagnoses in the cholestatic group were 
pancreatic ductal carcinoma, n=11; cholangiocarcinoma, n=2; adenocarcinoma of the 
ampulla of Vater, n=2; and adenocarcinoma not otherwise specified, n=9.

Biochemical Markers of Cholestasis, Hepatic Damage, and Inflammation
The results for total plasma bilirubin, AP, hepatic damage parameters, and other 
routine measurements are presented in Table 1. The mean values calculated in the 
group of 9 PBD patients were compared statistically with the mean values of the 
total cholestatic group (n=24). The data indicate that this relatively small subgroup of 
patients was representative for a broader group of cholestatic patients.

PBD resulted in adequate biliary decompression as documented by significant 
reduction in serum bilirubin levels and AP activity. PBD was also associated with 
substantially lowered hepatocellular damage as evidenced by marked decreases in 
serum aspartate aminotransferase and alanine aminotransferase activity. Hemo-
globin concentration and platelet and leukocyte counts were not affected by PBD. 
Finally, CRP concentrations were slightly increased in the presence of cholestasis, 
indicating a low grade inflammatory state. PBD had no effect on CRP concentrations.

Table 1 Routine laboratory findings of cholestatic patients included in the study.

Parameter

24 cholestatic 
patients

(t=0)

9 cholestatic 
patients before

PBD
(t=0)

9 cholestatic 
patients after

PBD
(t=1) P-value#

Bilirubin (µmol/L)  201 (±15)  214 (±35)  15 (±3) 0.01
AP (U/L)  669 (±118)  989 (±297)  181 (±21) 0.01
AST (U/L)  271 (±83)  464 (±218)  36 (±4) 0.01
ALT (U/L)  401 (±80)  547 (±192)  48 (±5) 0.01
Hemoglobin (mmol/L)  8.0 (±0.2)  8.1 (±0.3)  8.4 (±0.3) 0.34
Platelets (109/L)  298 (±16)  325 (±34)  283 (±28) 0.59
Leucocytes (109/L)  8.0 (±0.6)  8.8 (±0.8)  8.1 (±0.5) 0.46
CRP (mg/L)  11 (±1)  11 (±2)  9 (±4) 0.35

Results are given as mean ± SEM. #Wilcoxon signed-rank test for t=0 vs. t=1. PBD, preoperative biliary 
drainage; AP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; 
CRP, C-reactive protein
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Coagulation Activation
The coagulation and fibrinolysis parameters are summarized in Figure 1 and Table 
2. The mean values calculated in the group of 9 PBD patients were representative 
for a broader group of cholestatic patients with the exception of factor II that was 6% 
lower in the total cholestatic group (n=24, P <0.05). Cholestatic patients had normal 
aPTT, PT, and factor V values, which did not change after PBD (Fig. 2A, B). However, 
vitamin K-dependent factor II and factor VII were both slightly decreased in the pres-
ence of cholestasis and increased by 15% and 30%, respectively, after PBD (Figs. 2C, 
D). Activation of coagulation and consequent thrombin generation were reflected by 
plasma levels of TAT complexes. The plasma concentration of TAT complexes was 
increased in the presence of cholestasis and reduced by 90% after PBD (Fig. 2E). Lev-
els of ATIII and fibrinogen were increased before biliary drainage (possibly reflecting 
the acute phase behavior of these proteins) and were almost normalized (reduced by 
30% and 20%, respectively) after the procedure. These data indicate that vitamin 
K-dependent coagulation factors were reduced and markers of coagulation activation 
were enhanced in the presence of cholestasis, all tending to normalize after PBD.

Figure 1  Secondary hemostasis in the presence of cholestasis and the effect of preoperative 
biliary drainage: the tissue factor (TF) and common pathways of coagulation activation 
and fibrinolysis pathway. The TF pathway is initiated at the site of injury in response 
to the release of TF. Roman numerals represent the respective coagulation factor, 
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whereby “a” indicates an activated state. The thrombus, that forms as a result of 
platelet aggregation (primary hemostasis) and the formation of fibrin, is enzymatically 
cleaved into fibrin degradation products as a consequence of fibrinolysis. Fibrinolysis 
is initiated by the conversion of plasminogen to plasmin by tissue-type plasminogen 
activator (tPA) and urokinase-type plasminogen activator (uPA), a process that is 
inhibited by plasminogen activator inhibitors (PAI-1). Physiological anticoagulants 
are delineated in the upper left corner and comprise antithrombin III (ATIII), which 
binds to thrombin resulting in TAT complexes, protein C (PC) complexed with protein 
S (PS) as cofactor, and tissue factor pathway inhibitor (TFPI). Black arrows represent 
disturbances in the presence of cholestasis in comparison with control and transparent 
arrows represent the effect of biliary drainage (delineated in the upper right corner).

Table 2 Coagulation and fibrinolytic factors in patients included in the study.

Parameter

10 control 
patients

24 cholestatic 
pts

(t=0)

9 cholestatic pts 
before PBD

(t=0)

9 cholestatic pts 
after PBD

(t=1) P-value#

aPTT (sec.) 34 (±1) 33 (±1) 35 (±1) 34 (±2) 0.73
INR 1.0 (±0.04) 1.0 (±0.03) 0.9 (±0.05) 1.0 (±0.05) 0.61
fII (%) 102 (±2) 87** (±2) 92† (±2) 107 (±3) 0.02
fV (%) 101 (±2) 101 (±2) 100 (±3) 99 (±4) 0.87
fVII (%) 101 (±2) 85** (±2) 86 (±3) 114 (±3) 0.01
ATIII (%) 103 (±2) 137** (±6) 138 (±7) 105 (±2) 0.01
TAT (ng/mL) 5.0 (±0.5) 11.5** (±0.5) 10.7 (±1.2) 5.7 (±0.7) 0.04
Fibrinogen (g/L) 3.8 (±0.4) 6.0** (±0.2) 6.2 (±0.3) 5.1 (±0.4) 0.02
D-dimer (mg/L) 0.5 (±0.1) 0.9* (±0.3) 0.7 (±0.2) 0.8 (±0.3) 0.53
PAA (%) 104 (±3) 85** (±2) 82 (±3) 110 (±4) 0.01
PAI-1 (IU/mL) 8.3 (±0.5) 16.9** (±0.8) 19.2 (±0.8) 9.5 (±0.7) 0.01

Results are given as mean ± SEM.
*=p<0.05 and **=p<0.001 vs. control (Mann-Whitney U test). †Significantly different in comparison to 24 
cholestatic patients (Mann-Whitney U test). #Wilcoxon signed-rank test for t=0 vs. t=1.
PBD, preoperative biliary drainage; aPTT, activated partial thromboplastin time; INR, international 
normalized ratio; f, factor; AT, Antithrombin; TAT, thrombin-antithrombin; PAA, plasminogen activator 
activity; PAI, plasminogen activator inhibitor.

Fibrin Formation and Fibrinolysis
The fibrinolytic response to fibrin formation includes the endothelial release of tPA 
and urokinase-type plasminogen activator (uPA), which convert plasminogen to its 
active form, plasmin, that is responsible for the degradation of fibrin. Plasmin activa-
tion is coupled to increases in PAI-1 activity for properly balancing hemostasis. Figure 
3A shows that PAA (reflecting tPA and uPA activity) is inhibited in the presence of 
cholestasis, probably owing to increased PAI-1 levels (Fig. 3B). PAI-1 levels returned to 
baseline after biliary drainage resulting in the restoration of endogenous fibrinolysis 
(35% increase in PAA, Fig. 3A). These data indicate that impairment of fibrinolysis in 
obstructive cholestasis is, in part, restored after PBD. The net effect on the reduction 
of coagulation activation and normalization of fibrinolysis after PBD is reflected by 
the stable concentrations of D-dimer levels that were increased in cholestatic patients 
and remained unaltered after PBD (0.7±0.2 to 0.8±0.3mg/L, P=0.53, Table 2).
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As postoperative complications occurred in only 4 patients, an analysis of the 
correlation between these complications and coagulation and fibrinolysis parameters 
was meaningless.

DISCUSSION

The present study shows that severe obstructive cholestasis is associated with 
decreased vitamin K-dependent coagulation factor synthesis, an overall procoagu-
lant state, and a generally impaired fibrinolytic state. The majority of coagulation and 
fibrinolysis parameters were normalized to baseline values 4 weeks after endoscopic 
PBD.

The beneficial action of PBD is considered to be twofold. First, inflammation 
is reduced as a result of restored bile levels in the gut lumen enabling the bind-
ing of endotoxin by bile salts, improvement of gut integrity, and restitution of the 
gut flora composition.25 Second, the accumulation of hydrophobic bile acids in the 
liver ceases leading to a marked decrease in hepatocyte injury and improvement of 
hepatocellular function.26 In addition, cholestasis leads to vitamin K deficiency8;9. 
Although standard coagulation tests such as the PT and aPTT typically remained 
unimpaired, our study directly confirmed a cholestasis-induced reduction of vitamin 
K-dependent fII and fVII plasma levels. PBD resulted in a systemic increase in these 
vitamin K-dependent coagulation factors, probably due to restoration of gut flora and 
improvement of intestinal absorption.

Despite the decreased vitamin K-dependent coagulation factor synthesis in chole-
static patients, thrombin generation was increased as evidenced by the increased TAT 
complex levels. It is likely that the increased thrombin generation was because of sys-
temic inflammatory response in patients with obstructive cholestasis. As the reduced 
plasma levels of factors II and VII are likely to the result of a compromised vitamin 
K-dependent hepatic synthesis, it is plausible that levels of protein C and protein S, 
both also vitamin K-dependent proteins, were decreased in the presence of cholesta-
sis,8 which may have further exacerbated the procoagulant conditions.

Also, TAT levels might be increased because of a decreased clearance of the com-
plexes by the liver. Although somewhat counterbalanced by the low levels of vita-
min K-dependent factors II, VII, and possibly IX and X, physicians should note that 
patients with obstructive cholestasis seem to be in a procoagulant rather than an 
anticoagulant state.

There is substantial evidence demonstrating an impairment of fibrinolysis in the 
presence of cholestasis.6;19 These findings are supported by the low PAA values and 
increased PAI-1 levels found in this study.
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Figure 2  Cholestatic patients (t=0, ●) undergoing adequate endoscopic biliary drainage 
(t=1, ●) show a decreased vitamin K-dependent coagulation factor synthesis and a 
procoagulant state. Plasma levels of (A) prothrombin time, given as international 
normalized ratio (INR) values, (B) factor V, (C) prothrombin (factor II), (D) factor VII, 
and (E) thrombin-antithrombin (TAT)-complexes are depicted. P-values pertain to the 
Wilcoxon signed-rank test for two related samples. The boxplots () depicted on the 
left hand site are values obtained in the 10 controls.
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The mechanistic implications of PAI-1 production by endothelial cells and hepato-
cytes in the context of cholestasis is currently elusive, although believed to be driven 
by a tumor necrosis factor-α-mediated stimulus.27;28 Experiments in mice with tar-
geted disruption of genes encoding components of the plasminogen–plasmin system 
showed that fibrinolysis plays a major role in cholestasis-induced fibrosis,29-31 whereby 
the enhanced suppression of fibrinolysis by PAI-1 and a consequentially accelerated 
degradation of fibrin led to a reduction in liver injury.29;30 Conversely, blocking of tPA 
exacerbated liver injury after bile duct ligation (i.e., cholestasis induction).31 Moreo-
ver, a pathophysiologic role of PAI-1 in thromboembolic disease is putatively inferred 
by the association between elevated PAI-1 levels and thrombotic tendency.32 Thus, 
the procoagulant state in the presence of cholestasis is amplified as a result of an 
impaired fibrinolytic system but significantly reduced by PBD owing to the normali-
zation of the fibrinolytic system.

Malignant disease is associated with increased PAI-1 activity33 and certain cancers, 
especially pancreatic carcinoma, are associated with thrombosis. In patients diag-
nosed with pancreatic carcinoma, the plasma concentration of several coagulation 
factors is increased, namely TF, thrombin, and fibrinogen.34 Furthermore, venous 
thromboembolism and pancreatic carcinoma are typically associated with advanced 
disease or a diagnosis of metastatic cancer within 4 months.35 Our results in patients 
with mainly pancreatic carcinoma showed that the anomalies of the coagulation sys-
tem were almost completely reversed after PBD. This indicates that cholestasis itself 
and not the underlying malignancy is the cause of the coagulopathy. It should be 
noted that the positive effects of PBD were in part attributable to the selection of 
patients without advanced disease who were in relatively good general condition to 
undergo major surgery.

Whereas PBD yielded beneficial effects in experimental models, conflicting 
results have been reported in human studies.16;18 For distal obstructions PBD should 
not be carried out routinely, as the improvements of biliary drainage do not outweigh 
the complications affiliated with endoprosthesis, for example, cholangitis, hemor-
rhagic complications, and even gut or bile duct perforations.36

However, in selected patients with distal obstructions and high bilirubin levels 
and cholestatic patients requiring extensive liver resection, such as in the case of 
hilar cholangiocarcinoma, PBD may be advantageous in reducing overall complica-
tions.26;37 The results of this study show the beneficial effects of PBD on hemostasis.

In conclusion, severe obstructive cholestasis, although accompanied by mild 
impairment of vitamin K-dependent coagulation factor synthesis, is associated 
with procoagulant activity most likely owing to a mild proinflammatory state with 
coagulation activation and inhibition of fibrinolysis. Hemostatic alterations because 
of cholestasis are almost completely reversed after PBD, indicating that cholestasis 
itself and not the underlying malignancy is the cause of coagulopathy. Improvement 
of hemostatic changes after PBD could contribute to a better outcome after major 
surgery in selected cholestatic patients.
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Figure 3  Fibrinolysis was significantly impaired in the presence of cholestasis (t=0, ●) and 
normalized after biliary drainage (t=1, ●). Plasma levels of (A) plasminogen activator 
activity (PAA) and (B) plasminogen activator inhibitor (PAI)-1 are depicted. P-values 
pertain to the Wilcoxon signed-rank test for two related samples. The boxplots () 
depicted on the left hand site are values obtained in the 10 controls.
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ABSTRACT

Background
The benefits of preoperative biliary drainage, which was introduced to improve the 
postoperative outcome in patients with obstructive jaundice caused by a tumor of the 
pancreatic head, are unclear.

Methods
In this multicenter, randomized trial, we compared preoperative biliary drainage 
with surgery alone for patients with cancer of the pancreatic head. Patients with 
obstructive jaundice and a bilirubin level of 40 to 250 μmol per liter (2.3 to 14.6 mg 
per deciliter) were randomly assigned to undergo either preoperative biliary drainage 
for 4 to 6 weeks, followed by surgery, or surgery alone within 1 week after diagno-
sis. Preoperative biliary drainage was attempted primarily with the placement of an 
endoprosthesis by means of endoscopic retrograde cholangiopancreaticography. The 
primary outcome was the rate of serious complications within 120 days after rand-
omization.

Results
We enrolled 202 patients; 96 were assigned to undergo early surgery and 106 to 
undergo preoperative biliary drainage; 6 patients were excluded from the analysis. 
The rates of serious complications were 39% (37 patients) in the early-surgery group 
and 74% (75 patients) in the biliary-drainage group (relative risk in the early surgery 
group, 0.54; 95% confidence interval [CI], 0.41 to 0.71; P<0.001). Preoperative biliary 
drainage was successful in 96 patients (94%) after one or more attempts, with com-
plications in 47 patients (46%). Surgery-related complications occurred in 35 patients 
(37%) in the early-surgery group and in 48 patients (47%) in the biliary drainage 
group (relative risk, 0.79; 95% CI, 0.57 to 1.11; P=0.14). Mortality and the length of 
hospital stay did not differ significantly between the two groups.

Conclusions
Routine preoperative biliary drainage in patients undergoing surgery for cancer of 
the pancreatic head increases the rate of complications. (Current Controlled Trials 
number, ISRCTN31939699.)
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BACKGROUND

Obstructive jaundice is the most common symptom in patients with periampul-
lary cancer (located near the ampulla of Vater) or cancer of the pancreatic head. For 
patients with a resectable tumor who have no radiologic evidence of metastasis, sur-
gical resection is the only option for cure.1-3 Since surgery in patients with jaundice 
is thought to increase the risk of postoperative complications, preoperative biliary 
drainage was introduced to improve the postoperative outcome.4 In several experi-
mental studies and retrospective case series, preoperative biliary drainage reduced 
morbidity and mortality after surgery.4-7 However, two metaanalyses of randomized 
trials and a systematic review of descriptive series showed that the overall complica-
tion rate in patients undergoing preoperative biliary drainage was higher than that in 
patients who proceeded directly to surgery.8;9 This difference was partially explained 
by complications associated with the preoperative biliary drainage procedure itself. 
Nevertheless, preoperative biliary drainage has been incorporated into the surgical 
treatment of cancer of the pancreatic head in many centers.10-12 To assess the rates of 
serious complications and death and the length of hospital stay associated with pre-
operative biliary drainage, we conducted a multicenter, randomized trial comparing 
the preoperative procedure, followed by surgery, with surgery alone.

mETHODS

Study Design
We recruited patients 18 to 85 years of age who had a serum total bilirubin level 
of 40 to 250 μmol per liter (2.3 to 14.6 mg per deciliter) and no evidence on com-
puted tomography (CT) of distant metastasis or local vascular involvement (which 
was defined as tumor surrounding portal or mesenteric vessels for more than 180 
degrees of their circumference or an irregular vessel margin). The interval between 
CT and randomization was set to be less than 4 days. Endoscopic ultrasonography 
was selectively performed if the CT findings were inconclusive.

Patients with a serious coexisting illness (Karnofsky performance score, <50 [on 
a scale of 0 to 100, with higher scores indicating better performance]), another con-
traindication for major surgery, ongoing cholangitis, or previous preoperative biliary 
drainage with stenting by means of endoscopic retrograde cholangiopancreaticog-
raphy (ERCP) or percutaneous transhepatic cholangiography (PTC) were excluded. 
Other exclusion criteria were the current receipt of neoadjuvant chemotherapy or 
the presence of a serious gastric outlet obstruction (tumor-related duodenal stenosis, 
which was defined by vomiting and an oral intake of <1 liter per day). All patients pro-
vided written informed consent. Patients were randomly assigned to undergo either 
endoscopic preoperative biliary drainage for 4 to 6 weeks, followed by surgery, or 
surgery alone within 1 week after diagnosis. Randomization, which was stratified 
according to study center, was performed with a computer program at the coordi-
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nating trial center. The medical ethics committee at each study center approved the 
protocol, which has been described previously.13

Study Oversight
The study coordinator collected data at each study site. The trial was sponsored by 
the Netherlands Organization for Health Research and Development, which did not 
have access to outcome data during the trial and did not participate in data analyses 
or the preparation of the manuscript. The study coordinator, the clinical epidemiolo-
gist, and the lead academic author analyzed the data and vouch for the completeness 
and accuracy of the analyses. No endoscopic equipment or stents were donated by the 
manufacturer.

Endoscopic Preoperative Biliary Drainage
An attending gastroenterologist who was experienced in endoscopic preoperative bil-
iary drainage performed the procedure using ERCP with plastic stent placement, 
with or without antibiotic prophylaxis, according to local policy. If the procedure was 
unsuccessful, the patient was referred to a tertiary center for a second attempt. PTC 
with stent placement to achieve preoperative biliary drainage was considered a rescue 
option in case of failed ERCP. Biliary drainage was defined as successful if the serum 
bilirubin level decreased by 50% or more within 2 weeks after the procedure. A new 
stent was placed if signs of inadequate bile drainage, with or without cholangitis, 
developed. After 4 to 6 weeks of drainage, patients underwent surgery.

Surgery
Five academic and eight regional hospitals agreed to provide operating-room capacity 
to ensure that early surgery could be performed as required by the protocol. Each of 
the participating hospitals performed at least 10 resections of cancer of the pancreatic 
head per year.

All patients received perioperative antibiotics. As prophylaxis only if indicated, 
patients received vitamin K for coagulation disorders and octreotide or its analogues 
for the treatment of a pancreas with a soft texture or a nondilated pancreatic duct. 
The standard surgical procedure for resectable tumors was the pylorus-preserving 
pancreatoduodenectomy, including removal of all lymph nodes on the right side of 
the portal vein and mesenteric artery.14

If metastasis into the proximal duodenum or pylorus was suspected, a classic 
Whipple procedure was performed, with resection of the distal stomach. If limited 
metastasis into the portal or superior mesenteric vein was found, a wedge resection 
of these vessels was included in the procedure.14;15 No specific modifications of surgi-
cal technique were expected for patients with jaundice, particularly with respect to 
creating the hepaticojejunostomy. The extrahepatic bile duct becomes dilated after 
distal obstruction, with concomitant induction of fibrosis in the duct wall, and usu-
ally remains dilated after preoperative biliary drainage because of decreased com-
pliance of the duct. If resection was deferred because of metastasis or local spread, 
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biopsy samples were obtained for histologic analysis. Palliative treatment generally 
consisted of the creation of a hepaticojejunostomy with or without gastroenteros-
tomy and celiac plexus neurolysis.14;16;17 If a hepaticojejunostomy was not feasible, an 
expandable metal stent was inserted postoperatively by means of ERCP.

Evaluation of Outcomes
The primary outcome was the rate of serious complications up to 120 days after ran-
domization, including any complication related to the drainage procedure or the sur-
gical treatment that prompted an additional medical, endoscopic, or surgical inter-
vention resulting in an extension of the hospital stay, readmission to the hospital, or 
death. The definitions and management of complications have been used in previ-
ous studies evaluating the management of complications on the basis of generally 
accepted criteria.18-25 (Definitions of all complications are listed in Table 1 in the Sup-
plementary Appendix, available with the full text of this article at NEJM.org.) Sec-
ondary outcomes were mortality and the length of hospital stay. Symptoms or signs 
of progressive or recurrent tumor within the study period were not considered as 
treatment-related events. Outpatient visits were scheduled at 2, 6, and 12 weeks after 
discharge. A standardized evaluation of symptoms and, if indicated, laboratory tests 
and radiologic studies were performed at each visit. In addition, data regarding hos-
pital admissions and all performed procedures were collected, with special attention 
to any complication, including all additional endoscopic and surgical procedures. 
When necessary, the patient’s physician was consulted for additional information.

To exclude bias in evaluating potential complications, an adjudication committee 
reviewed all events in a blinded fashion and classified them as serious complications 
or not serious, according to the definitions in the study protocol.13

Statistical Analysis
The principal analysis consisted of an intention-to-treat comparison of the propor-
tion of patients with serious complications in the two treatment groups. The goal 
was to test for noninferiority of early surgery, as compared with preoperative bil-
iary drainage, with respect to the primary outcome, and superiority with respect to 
secondary outcomes. Our previous meta-analysis was used to calculate the required 
sample size.9

Assuming that there would be a complication rate of 38% in the early-surgery 
group and 48% in the biliary-drainage group, we would consider early surgery to 
be noninferior if the associated percentage of serious complications was less than 
10 percentage points above the percentage of serious complications in the biliary-
drainage group. We used a two-group large-sample normal approximation test of 
proportions, with a one-sided significance level of 0.05, to test the null hypothesis 
that early surgery would lead to an increase of at least 10 percentage points in the 
rate of complications, as compared with preoperative biliary drainage, followed by 
surgery. To attain a power of 80% to show noninferiority of early surgery, 94 patients 
were needed in each group. We also performed a logistic-regression analysis of the 
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complication rate with adjustment for potential prognostic factors of age, sex, body-
mass index, tumor site (pancreatic vs. periampullary), and degree of jaundice. We 
calculated two-sided 95% confidence intervals for all outcome measures.

After the enrollment of 50% of the patients, a safety committee (consisting of a 
gastroenterologist, a surgeon, and a clinical epidemiologist) performed a planned, 
blinded interim analysis of the primary outcome, for which the nominal significance 
level was lowered to a more restrictive two-sided P-value of less than 0.01. The com-
mittee recommended the continuation of enrollment up to the calculated sample size.

202 Patients underwent randomization

6 Were excluded
4 Did not meet inclusion criteria
2 Withdrew consent

94 Were assigned to early surgery

5 Underwent PBD 
3 Had logistic reasons
1 Had cholangitis
1 Had severe hyperglycaemia

2 Had surgical exploration deferred
1 Had choledocholithiasisat ERCP
1 Had pulmonary metastatic   

disease

6 Did not undergo PBD
2 Had choledocholithiasis

at ERCP
1 Had endoscopic removal 

of polyp
1 Died of ERCP complication
2 Had technical failure

7 Had surgical exploration 
deferred

2 Had choledocholithiasis
at ERCP

1 Had endoscopic removal 
of polyp

1 Died of ERCP complications
2 Had unresectable tumor

after revision
1 Declined to undergo surgery 

102 Were assigned to PBD plus 
surgery

94 Were available for follow-up 102 Were available for follow-up

Figure 1  Enrollment and Outcomes. ERCP denotes endoscopic retrograde 
cholangiopancreaticography, and PBD preoperative biliary drainage.

RESULTS

Patients and Study Interventions
Between November 2003 and June 2008, a total of 202 patients underwent ran-
domization (Fig. 1). After randomization, two patients withdrew consent, and four 
patients were found to be ineligible because the serum total bilirubin level had not 
been in accordance with the protocol before randomization. These six patients were 
not included in the analyses. The demographic and clinical characteristics of the two 
study groups were similar at baseline, with the exception of sex and body-mass index 
(Table 1).
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Five patients who were assigned to the early-surgery group underwent preopera-
tive biliary drainage for the following reasons: the surgical facility was not available 
in time for early surgery (in the case of three patients), intercurrent cholangitis devel-
oped after earlier ERC without preoperative biliary drainage (in one patient), and 
hyperglycemia (serum glucose level, 77 mmol per liter) developed (in one patient).

Table 1 Demographic and clinical characteristics of patients at randomization.*

Characteristic
Early surgery

(N=94)

Preoperative 
Biliary Drainage

(N=102) P-value

Age – yr 64.7±9.5 64.7±10.5 0.99
Male sex – no. (%) 66 (70) 53 (52) 0.01
Body-mass index† 24.0±3.1 25.2±3.9 0.03
Duration of symptoms – wk 0.75

Median 3 3
Interquartile range (2-6) (2-6)

Weight loss – kg‡ 0.47
Median 5 5
Interquartile range (3-8) (3-10)

Bilirubin level§ – μmol/liter
Total 151±58.7 154±59.5 0.27
Direct 107±49.8 118±57.1 0.23

Cause of obstructive jaundice – no. (%)§ 0.81
Adenocarcinoma 89 (95) 92 (90)
Neuroendocrine tumor 1 (1) 1 (1)
Cystic tumor 1 (1) 3 (3)
Chronic pancreatitis 2 (2) 3 (3)
Adenomatous bile-duct polyp 0 1 (1)
Choledocholithiasis 1 (1) 2 (2)

* Plus-minus values are means ±SD. To convert values for bilirubin to milligrams per deciliter, divide 
by 17.1.

† The body-mass index is the weight in kilograms divided by the square of the height in meters.
‡ Weight loss was defined as the reduction in weight during the previous year.
§ The cause of obstructive jaundice was diagnosed on the basis of examination of a frozen section 

obtained during surgery (if resection was not performed), a pathological specimen (if resection was 
performed), or an endoscopic biopsy sample (if surgery was deferred).

Of the 102 patients in the biliary-drainage group 56 (55%) underwent a first attempt 
at preoperative biliary drainage in a community hospital, and 46 (45%) underwent a 
first attempt in an academic hospital. Adequate drainage was achieved in 77 patients 
(75%) on the first attempt. The rates of successful initial stent placement in academic 
centers and community hospitals did not differ significantly (83% and 69%, respec-
tively; P=0.13). Symptoms that were associated with obstructive jaundice resolved 
within 10 days after successful drainage. Reasons for initial failure of stent place-
ment were an inability to cannulate the common bile duct in 12 patients with normal-
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appearing papilla, extensive tumor growth at the site of the papilla in 8 patients, 
and failure to reach the papilla in 1 patient with a Billroth type II gastric resection. 
After a second attempt, ERCP or PTC resulted in adequate drainage in 96 patients 
(94%). Three patients did not undergo drainage because of misdiagnosed choledo-
cholithiasis (in two patients) and endoscopic removal of an adenomatous polyp (in 
one patient). There were technical failures in another three patients: failure of both 
ERCP and PTC (in one patient), ERCP-associated bile-duct perforation for which an 
emergency laparotomy with resection was performed (in one patient), and sphinc-
terotomy-associated hemorrhage, which stopped the procedure (in one patient). The 
patient with hemorrhage died 18 days later as a consequence of cholangiosepsis with 
hemodynamic instability and preexisting cardiac failure.

The mean time to surgery was 1.2 weeks (95% confidence interval [CI], 0.9 to 1.4) 
for the early-surgery group and 5.2 weeks (95% CI, 4.8 to 5.5) for the biliary-drainage 
group. Surgical exploration was canceled in two patients in the early-surgery group 
because of choledocholithiasis in one patient and pulmonary metastases of a previ-
ous breast carcinoma identified during the workup in the other. Seven patients in the 
biliary-drainage group did not undergo surgery because of choledocholithiasis (in 
two patients), earlier endoscopic polyp removal (in one patient), death after preopera-
tive biliary drainage (in the abovementioned patient), unresectability after CT review 
(in two patients), and the decision (on the part of one patient) not to undergo surgi-
cal treatment after successful stent placement. The percentages of patients undergo-
ing resection did not differ significantly between the two groups: 63 patients in the 
early-surgery group (67%) and 57 in the biliary-drainage group (56%) (P=0.11). The 
surgical techniques were similar in the two groups. Table 2 in the Supplementary 
Appendix lists additional procedural characteristics.

Complications
Table 2 lists the numbers of patients who had at least one complication related to 
either preoperative biliary drainage or surgery. Complications that were associated 
with preoperative biliary drainage occurred in 2 patients in the early-surgery group 
(2%) and in 47 patients in the biliary-drainage group (46%). Of the 27 patients in 
whom cholangitis developed (with or without stent occlusion), 3 patients had two 
episodes. The mean interval from randomization to the first complication related 
to preoperative biliary drainage in the biliary-drainage group was 13 days (95% CI, 
10 to 16). Surgery-related complications occurred in 35 patients in the early-surgery 
group (37%) and in 48 patients in the biliary-drainage group (47%), for a relative risk 
of 0.79 (95% CI, 0.57 to 1.11) in the early-surgery group. There was no significant dif-
ference in surgical outcome between academic and community hospitals (P=0.21).

Figure 2 shows the cumulative proportion of patients in each group with one or 
more complications. The rates of serious complications were 39% (37 patients) in 
the early-surgery group and 74% (75 patients) in the biliary-drainage group; the rela-
tive risk of serious complications with early surgery was 0.54 (95% CI, 0.41 to 0.71) 
(Table 3).
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Table 2 Serious Complications within 120 days after Randomization.*

Complication
Early surgery

(N=94)

Preoperative Biliary 
Drainage
(N=102)

no. (%)

Related to preoperative biliary drainage
Any 2 (2) 47 (46)
Pancreatitis 0 7 (7)
Cholangitis† 2 (2) 27 (26)
Perforation 0 2 (2)
Hemorrhage after ERCP‡ 0 2 (2)
Related to stent 1 (1) 15 (15)

Occlusion
Need for exchange 2 (2) 31 (33)

Related to surgery
Any 35 (37) 48 (47)
Pancreaticojejunostomy leakage§ 11 (12) 8 (8)

Grade A 1 (1) 0
Grade B 4 (4) 4 (4)
Grade C 6 (7) 4 (4)

Hemorrhage after pancreatectomy‡ 4 (4) 2 (2)
Delayed gastric emptying 9 (10) 18 (18)
Biliary leakage 3 (3) 1 (1)
Gastrojejunostomy or duodenojejunostomy leakage 2 (2) 4 (4)
Intraabdominal abscess 3 (3) 2 (2)
Wound infection 7 (7) 13 (13)
Portal-vein thrombosis 1 (1) 0
Pneumonia 5 (5) 9 (9)
Cholangitis 3 (3) 3 (3)
Myocardial Infarction 0 4 (4)

Need for repeated laparotomy 13 (14) 12 (12)

* The numbers refer to patients who had one or more complications. ERCP denotes endoscopic 
retrograde cholangiopancreaticography.

† In two patients, cholecystitis occurred in connection with cholangitis, prompting antibiotic 
treatment, without the need for cholecystectomy.

‡ Hemorrhage was defined as bleeding that required the transfusion of at least 4 units of packed red 
cells during a 24-hour period or bleeding that led to repeat laparotomy or another intervention.

§ Grade A refers to transient biochemical leakage that does not require treatment, grade B refers to 
leakage that is managed with prolonged or percutaneous drainage, and grade C refers to leakage 
requiring repeat laparotomy.

¶ This category refers to complications of either preoperative biliary drainage or another surgical 
procedure.
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Figure 2  Proportion of Patients with Complications. 
The primary outcome – the rate of serious complications within 120 days after 
randomization – occurred in 37 patients (39%) who underwent early surgery alone 
and 75 patients (74%) who underwent preoperative biliary drainage (PBD) followed by 
surgery (relative risk in the early-surgery group, 0.54; 95% confidence interval [CI], 
0.41 to 0.71; P<0.001).

We rejected the null hypothesis of an increase in complications in the early-surgery 
group (P<0.001 by a one-sided normal-approximation test). An additional test of 
superiority showed that early surgery led to fewer complications than preoperative 
biliary drainage (P<0.001). The difference was also significant in the logistic-regres-
sion analysis (P<0.001).

Patients in the biliary-drainage group, as compared with those in the early-sur-
gery group, had significantly more readmissions for complications and stayed on 
average 2 days longer in the hospital. There was no significant difference in mortality 
between the groups. Among patients who underwent a palliative bypass procedure, 
surgical complications developed in 18 of 33 patients (55%) in the biliary-drainage 
group, as compared with 5 of 28 patients (18%) in the early-surgery group (P=0.003).
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Table 3 Major Outcomes.*

variable
Early surgery

(N=94)

Preoperative 
Biliary Drainage

(N=102)
Relative Risk

(95% CI)†

Overall protocol-specified
complications – no. (%)

37 (39) 75 (74) 0.54 (0.41–0.71)

Preoperative biliary drainage 2 (2) 47 (46) NA
Surgery 35 (37) 48 (47) 0.79 (0.57–1.11)

Other complications
(not included in protocol) – no. (%)‡

30 (32) 25 (25) 1.30 (0.83–2.04)

Death – no. (%)
From protocol-specified complication 4 (4) 9 (9) 0.48 (0.15–1.51)
From any cause 12 (13) 15 (15) 0.85 (0.42–1.72)

Hospital readmission – no. (%)
For protocol-specified complication 11 (12) 34 (33) 0.35 (0.19–0.65)
For any cause 18 (20) 40 (39) 0.49 (0.30–0.79)

Hospital stay – days
For protocol-specified treatment§

Median 13 15
Interquartile range (10-20) (11-22)

For any reason
Median 14 16
Interquartile range 10-21) (11-22)

* The outcome numbers refer to patients who had one or more complications. NA denotes not 
applicable.

† The relative risks are for early surgery versus preoperative biliary drainage.
‡ Other complications included urinary tract infection, chylous ascites, delirium, rectum prolapse, 

clostridium infection, pulmonary embolism, cardiac arrhythmia, hypoglycemic coma, bladder 
hemorrhage, catheter-related sepsis, and incisional hernia.

§ Hospital stays for protocol-specified treatment included admission for preoperative biliary drainage 
(after randomization and performed on an inpatient basis), surgery, and necessary readmission for 
any protocol-specified complication.

DISCUSSION

In this multicenter, randomized trial, we examined whether preoperative biliary 
drainage should be performed routinely in patients with obstructive jaundice caused 
by cancer of the pancreatic head before resection. We found that endoscopic preoper-
ative biliary drainage with placement of a plastic stent did not have a beneficial effect 
on the surgical outcome. Early surgery without preoperative biliary drainage did not 
increase the risk of complications, as compared with preoperative biliary drainage, 
followed by surgery.

The postoperative complication rate did not differ significantly between the two 
groups, as has been reported previously.26-29 With respect to complications related 
to endoscopic preoperative biliary drainage, the incidence of pancreatitis, perfora-
tion, or hemorrhage in our study was in accordance with the incidence reported by 
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 others.30-32 The rate of cholangitis associated with preoperative biliary drainage was 
high and an important reason for readmission. This high incidence of cholangitis 
was reported within the same range by all participating centers.

In contrast with earlier randomized studies, our study showed that preoperative 
biliary drainage did not necessarily prolong the length of the hospital stay. The previ-
ously observed extended hospital stay can be attributed to the use of PTC drainage, 
whereas endoscopic drainage, as used in our study, is often performed on an outpa-
tient basis. The use of preoperative biliary drainage did not influence postoperative 
mortality. Pancreatic surgery that is performed in high-volume centers is associated 
with death rates that are well below 5%, an important argument for centralization of 
such complex surgical procedures.26;33 In our study, the overall rate of death was 7% 
(which included one patient who died after the biliary-drainage procedure) and did 
not differ significantly between the two treatment strategies.

The optimal duration of biliary drainage before surgery has not been established. 
Experimental and clinical studies have suggested that a period of at least 4 to 6 weeks 
is needed for the restoration of normal major synthetic and clearance functions of 
the liver, as well as mucosal intestinal barrier functions.4 A short period of drainage 
may not lead to full recovery of the metabolic abnormalities associated with obstruc-
tive jaundice. In four randomized studies that did not show a benefit of preoperative 
biliary drainage, the mean duration of drainage was 7 to 18 days.8 Our trial called 
for 4 to 6 weeks of drainage. An even longer period would be unlikely to yield better 
results, would increase the risk of stent occlusion and inflammation of the bile-duct 
wall,9 and would result in a prolonged postponement of surgery that would be unjus-
tifiable for a potentially resectable tumor.

Beneficial effects of preoperative biliary drainage were found in early, nonrand-
omized studies that involved a small number of patients and an imperfect methodo-
logic design. In four of five randomized trials, preoperative biliary drainage by means 
of PTC was the standard mode of drainage, whereas ERCP, a less invasive procedure, 
is currently preferred.11 The consequences of percutaneous and endoscopic drainage 
differ largely in terms of restoration of the enterohepatic cycle and bacterial coloniza-
tion and inflammation of the biliary tract.4;7 The percutaneous route is reserved for 
failed endoscopic attempts. In these studies, tumors causing proximal and distal bile 
duct obstruction were included, but such tumors are now considered to be different 
diseases and to require different forms of treatment.

With the advent of neoadjuvant chemotherapy used to downstage potentially 
unresectable tumors in the hope of improving the outcome, the issue of preopera-
tive biliary drainage is clinically relevant.34-36 In light of our poor results with plas-
tic stents, preoperative biliary drainage during the period of neoadjuvant treatment 
might be best achieved with metal stents, which have a higher patency rate than 
plastic stents and do not affect the outcome of surgery.37-39

Challenging dogmas in pancreatic surgery_007.indd   88 20-9-2012   13:49:20



89Chapter 5 Preoperative Biliary Drainage for Pancreatic Cancer

REFERENCE LIST
(1) Guidelines for the management of patients 

with pancreatic cancer periampullary and 
ampullary carcinomas. Gut 2005; 54 Suppl 
5:v1-16.

(2) de Groen PC, Gores GJ, LaRusso NF, Gun-
derson LL, Nagorney DM. Biliary tract can-
cers. N Engl J Med 1999; 341(18):1368-1378.

(3) Phoa SS, Reeders JW, Rauws EA, De WL, 
Gouma DJ, Lameris JS. Spiral computed 
tomography for preoperative staging of 
potentially resectable carcinoma of the pan-
creatic head. Br J Surg 1999; 86(6):789-794.

(4) van der Gaag NA, Kloek JJ, de Castro SM, 
Busch OR, van Gulik TM, Gouma DJ. Preop-
erative Biliary Drainage in Patients with 
Obstructive Jaundice: History and Current 
Status. J Gastrointest Surg 2008.

(5) Klinkenbijl JH, Jeekel J, Schmitz PI, 
Rombout PA, Nix GA, Bruining HA et al. 
Carcinoma of the pancreas and periampul-
lary region: palliation versus cure. Br J Surg 
1993; 80(12):1575-1578.

(6) Trede M. The surgical treatment of pancre-
atic carcinoma. Surgery 1985; 97(1):28-35.

(7) Kimmings AN, Van Deventer SJ, Obertop 
H, Rauws EA, Huibregtse K, Gouma DJ. 
Endotoxin, cytokines, and endotoxin binding 
proteins in obstructive jaundice and after 
preoperative biliary drainage. Gut 2000; 
46(5):725-731.

(8) Wang Q, Gurusamy KS, Lin H, Xie X, Wang 
C. Preoperative biliary drainage for obstruc-
tive jaundice. Cochrane Database Syst Rev 
2008;(3):CD005444.

(9) Sewnath ME, Karsten TM, Prins MH, 
Rauws EJ, Obertop H, Gouma DJ. A meta-
analysis on the efficacy of preoperative 
biliary drainage for tumors causing obstruc-
tive jaundice. Ann Surg 2002; 236(1):17-27.

(10) Lillemoe KD. Preoperative biliary drainage 
and surgical outcome. Ann Surg 1999; 
230(2):143-144.

(11) Sewnath ME, Birjmohun RS, Rauws EA, 
Huibregtse K, Obertop H, Gouma DJ. The 
effect of preoperative biliary drainage on 
postoperative complications after pancrea-
toduodenectomy. J Am Coll Surg 2001; 
192(6):726-734.

(12) Pisters PW, Hudec WA, Hess KR, Lee JE, 
Vauthey JN, Lahoti S et al. Effect of preop-

erative biliary decompression on pancrea-
toduodenectomy-associated morbidity in 
300 consecutive patients. Ann Surg 2001; 
234(1):47-55.

(13) van der Gaag NA, de Castro SM, Rauws EA, 
Bruno MJ, van Eijck CH, Kuipers EJ et al. 
Preoperative biliary drainage for periampul-
lary tumors causing obstructive jaundice; 
DRainage vs. (direct) OPeration (DROP-
trial). BMC Surg 2007; 7:3.

(14) Gouma DJ, Nieveen van Dijkum EJ, Obertop 
H. The standard diagnostic work-up and 
surgical treatment of pancreatic head 
tumours. Eur J Surg Oncol 1999; 25(2):113-
123.

(15) van Geenen RC, Ten Kate FJ, de Wit LT, 
van Gulik TM, Obertop H, Gouma DJ. 
Segmental resection and wedge excision 
of the portal or superior mesenteric vein 
during pancreatoduodenectomy. Surgery 
2001; 129(2):158-163.

(16) van Heek NT, de Castro SM, van Eijck CH, 
van Geenen RC, Hesselink EJ, Breslau PJ et 
al. The need for a prophylactic gastrojejunos-
tomy for unresectable periampullary cancer: 
a prospective randomized multicenter trial 
with special focus on assessment of quality 
of life. Ann Surg 2003; 238(6):894-902.

(17) Lillemoe KD, Cameron JL, Kaufman HS, 
Yeo CJ, Pitt HA, Sauter PK. Chemical 
splanchnicectomy in patients with unresect-
able pancreatic cancer. A prospective rand-
omized trial. Ann Surg 1993; 217(5):447-455.

(18) Gouma DJ, van Geenen RC, van Gulik 
TM, de Haan RJ, de Wit LT, Busch OR et 
al. Rates of complications and death after 
pancreatoduodenectomy: risk factors and the 
impact of hospital volume. Ann Surg 2000; 
232(6):786-795.

(19) Karsten TM, Allema JH, Reinders M, van 
Gulik TM, de Wit LT, Verbeek PC et al. 
Preoperative biliary drainage, colonisation 
of bile and postoperative complications in 
patients with tumours of the pancreatic 
head: a retrospective analysis of 241 consecu-
tive patients. Eur J Surg 1996; 162(11):881-
888.

(20) van Berge Henegouwen MI, van Gulik TM, 
Akkermans LM, Jansen JB, Gouma DJ. The 
effect of octreotide on gastric emptying at a 

Challenging dogmas in pancreatic surgery_007.indd   89 20-9-2012   13:49:21



Pa
rt

 I 
Pr

eo
pe

ra
tiv

e 
B

ili
ar

y 
D

ra
in

ag
e 

fo
r 

Pa
nc

re
at

ic
 C

an
ce

r

90

dosage used to prevent complications after 
pancreatic surgery: a randomised, placebo 
controlled study in volunteers. Gut 1997; 
41(6):758-762.

(21) Huibregtse K. Complications of endoscopic 
sphincterotomy and their prevention. N Engl 
J Med 1996; 335(13):961-963.

(22) Cotton PB, Lehman G, Vennes J, Geenen 
JE, Russell RC, Meyers WC et al. Endoscopic 
sphincterotomy complications and their 
management: an attempt at consensus. 
Gastrointest Endosc 1991; 37(3):383-393.

(23) de Castro SM, Busch OR, van Gulik TM, 
Obertop H, Gouma DJ. Incidence and 
management of pancreatic leakage after 
pancreatoduodenectomy. Br J Surg 2005; 
92(9):1117-1123.

(24) de Castro SM, Kuhlmann KF, Busch OR, 
van Delden OM, Lameris JS, van Gulik TM 
et al. Delayed massive hemorrhage after 
pancreatic and biliary surgery: embolization 
or surgery? Ann Surg 2005; 241(1):85-91.

(25) de Castro SM, Kuhlmann KF, Busch OR, 
van Delden OM, Lameris JS, van Gulik TM 
et al. Incidence and management of biliary 
leakage after hepaticojejunostomy. J Gastro-
intest Surg 2005; 9(8):1163-1171.

(26) Cameron JL, Riall TS, Coleman J, Belcher 
KA. One thousand consecutive pancrea-
ticoduodenectomies. Ann Surg 2006; 
244(1):10-15.

(27) Diener MK, Knaebel HP, Heukaufer 
C, Antes G, Buchler MW, Seiler CM. A 
systematic review and meta-analysis of 
pylorus-preserving versus classical pancrea-
toduodenectomy for surgical treatment of 
periampullary and pancreatic carcinoma. 
Ann Surg 2007; 245(2):187-200.

(28) Schnelldorfer T, Ware AL, Sarr MG, Smyrk 
TC, Zhang L, Qin R et al. Long-term 
survival after pancreatoduodenectomy for 
pancreatic adenocarcinoma: is cure possible? 
Ann Surg 2008; 247(3):456-462.

(29) Balcom JH, Rattner DW, Warshaw AL, 
Chang Y, Fernandez-del CC. Ten-year 
experience with 733 pancreatic resections: 
changing indications, older patients, and 
decreasing length of hospitalization. Arch 
Surg 2001; 136(4):391-398.

(30) Freeman ML. Understanding risk factors 
and avoiding complications with endoscopic 
retrograde cholangiopancreatography. Curr 
Gastroenterol Rep 2003; 5(2):145-153.

(31) Christensen M, Matzen P, Schulze S, Rosen-
berg J. Complications of ERCP: a prospective 
study. Gastrointest Endosc 2004; 60(5):721-
731.

(32) Williams EJ, Taylor S, Fairclough P, Hamlyn 
A, Logan RF, Martin D et al. Risk factors for 
complication following ERCP; results of a 
large-scale, prospective multicenter study. 
Endoscopy 2007; 39(9):793-801.

(33) Birkmeyer JD, Stukel TA, Siewers AE, 
Goodney PP, Wennberg DE, Lucas FL. 
Surgeon volume and operative mortality 
in the United States. N Engl J Med 2003; 
349(22):2117-2127.

(34) Katz MH, Pisters PW, Evans DB, Sun CC, 
Lee JE, Fleming JB et al. Borderline resect-
able pancreatic cancer: the importance of 
this emerging stage of disease. J Am Coll 
Surg 2008; 206(5):833-846.

(35) Evans DB, Varadhachary GR, Crane CH, 
Sun CC, Lee JE, Pisters PW et al. Preopera-
tive gemcitabine-based chemoradiation for 
patients with resectable adenocarcinoma 
of the pancreatic head. J Clin Oncol 2008; 
26(21):3496-3502.

(36) Varadhachary GR, Wolff RA, Crane CH, 
Sun CC, Lee JE, Pisters PW et al. Preop-
erative gemcitabine and cisplatin followed 
by gemcitabine-based chemoradiation for 
resectable adenocarcinoma of the pancreatic 
head. J Clin Oncol 2008; 26(21):3487-3495.

(37) Davids PH, Groen AK, Rauws EA, Tytgat 
GN, Huibregtse K. Randomised trial of self-
expanding metal stents versus polyethylene 
stents for distal malignant biliary obstruc-
tion. Lancet 1992; 340(8834-8835):1488-1492.

(38) Moss AC, Morris E, Leyden J, MacMathuna 
P. Malignant distal biliary obstruction: a 
systematic review and meta-analysis of endo-
scopic and surgical bypass results. Cancer 
Treat Rev 2007; 33(2):213-221.

(39) Mullen JT, Lee JH, Gomez HF, Ross WA, 
Fukami N, Wolff RA et al. Pancreatoduo-
denectomy after placement of endobiliary 
metal stents. J Gastrointest Surg 2005; 
9(8):1094-1104.

Challenging dogmas in pancreatic surgery_007.indd   90 20-9-2012   13:49:21



6
Therapeutic Delay 
and Survival 
after Surgery 
for Cancer of the 
Pancreatic Head 
with or without 
Preoperative 
Biliary Drainage 

Niels A. van der Gaag
Wietse J. Eshuis
Erik A.J. Rauws

Casper H.J. van Eijck
Marco J. Bruno

Ernst J. Kuipers
Peter P. Coene

Frank J.G.M. Kubben
Josephus J.G.M. Gerritsen

Jan Willem Greve
Michael F. Gerhards

Ignace H.J.T. de Hingh
Jean H. Klinkenbijl

Chung Y. Nio
Steve M.M. de Castro

Olivier R.C. Busch
Thomas M. van Gulik
Patrick M.M. Bossuyt

Dirk J. Gouma

Annals Of Surgery. 
2010 Nov;252(5):840-49

Challenging dogmas in pancreatic surgery_007.indd   91 20-9-2012   13:49:21



Pa
rt

 I 
Pr

eo
pe

ra
tiv

e 
B

ili
ar

y 
D

ra
in

ag
e 

fo
r 

Pa
nc

re
at

ic
 C

an
ce

r

92

ABSTRACT

Objective
To evaluate the relation between delay in surgery because of preoperative biliary 
drainage (PBD) and survival in patients scheduled for surgery for pancreatic head 
cancer.

Background
Patients with obstructive jaundice due to pancreatic head cancer can undergo PBD. 
The associated delay of surgery can lead to more advanced cancer stages at surgical 
exploration, affecting resection rate and survival.

Methods
We conducted a multicenter, randomized controlled clinical trial to compare PBD 
with early surgery (ES) for pancreatic head cancer for complications. We obtained 
Kaplan-Meier estimates of overall survival for patients with pathology-proven malig-
nancy and compared survival functions of ES and PBD groups using log-rank test 
statistics. Multivariable Cox regression analyses were performed to evaluate the prog-
nostic role of time to surgery for overall survival.

Results
Mean times from randomization to surgery were 1.2 (0.9-1.5) and 5.1 (4.8-5.5) weeks 
in the ES and PBD groups, respectively (P<0.001). In the ES group, 60 (67%) of 
89 patients underwent resection, versus 53 (58%) of 91 patients in the PBD group 
(P=0.20).Median survival after randomization was 12.2 (9.1-15.4) months in the ES 
group versus 12.7 (8.9-16.6) months in the PBD group (P=0.91). A longer time to 
surgery was significantly associated with slightly lower mortality rate after surgery 
(hazard ratio = 0.90, 95% CI, 0.83-0.97), when taking into account resection, bili-
rubin, complications, pancreatic adenocarcinoma, tumor-positive lymph nodes, and 
microscopically residual disease.

Conclusions
In patients with pancreatic head cancer, the delay in surgery associated with PBD 
does not impair or benefit survival rate.
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INTRODUCTION

Patients with a periampullary or pancreatic head tumor generally present with 
obstructive jaundice. In the absence of radiological signs of locoregional unresect-
able or metastatic disease, surgical exploration with curative intent is the treatment 
of choice.1 Because surgery in jaundiced patients is thought to increase the risk of 
postoperative complications, preoperative biliary drainage (PBD) is often performed.2 
Routine application of this procedure, which also carries a risk of complications, has 
been a matter of debate for many years.3;4 Recently, we conducted a randomized trial 
that compared PBD, followed by surgery, with surgery alone.5 We found that patients 
allocated to PBD had significantly more overall treatment complications than patients 
undergoing surgery without PBD. On the basis of these results, we concluded that 
application of PBD should not be routinely performed.

Preoperative biliary drainage may still be clinically relevant in subsets of patients, 
such as severely jaundiced patients, patients with ongoing cholangitis, or – in the 
near future – patients scheduled for neoadjuvant chemoradiation therapy. Preopera-
tive biliary drainage may also be warranted when early surgery (ES) is not feasible 
because of logistic reasons. Furthermore, PBD allows for referral to a high volume 
center.6;7

In the light of these considerations, it is important to evaluate whether the sched-
uled delay in surgery, required for an effective period of PBD, leads to more advanced 
cancer stages at exploration. In theory, this could affect the resection rate and eventu-
ally lead to reduced survival.

To our knowledge, the study by Smith et al is the only study that investigated 
the effects of PBD on survival in patients who underwent pancreatoduodenectomy 
for pancreatic cancer.8 The authors found no difference in ES = early survival (up to 
6 months after resection) or in long-term survival between stented and nonstented 
patients. Studies have been performed on the influence of the therapeutic delay on 
survival in other types of cancer. In rectal cancer, a therapeutic delay from the onset 
of symptoms until treatment of at least 60 days was shown to be negatively associated 
with survival. Comparable associations were not found in colonic or lung cancer.9;10

In this study, we investigated the effect of the therapeutic delay on survival of 
PBD followed by surgery, versus surgery alone, in patients with a malignancy in 
the pancreatic head region. The data were collected in a randomized clinical trial, 
supplemented by additional collection of mortality data. In this additional analysis, 
we evaluated the effect of therapeutic delay conditional on, and in addition to, other 
documented prognostic factors.
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mETHODS

Study Design
Treatment data were collected in patients who had participated in a randomized, 
controlled multicenter trial comparing PBD, followed by surgery, with surgery alone 
(ISRCTN31939699).5 Details of the trial design have been published elsewhere; here 
we will summarize the key aspects.5;11

Patients were enrolled in 5 university medical centers and 8 major teaching hos-
pitals. All patients or their legal representatives provided written informed consent 
for study participation. Included patients were 18 to 85 years of age, had a serum total 
bilirubin level of 40 to 250 μmol/L (2.3–14.6 mg/dL), and had no evidence of locore-
gional unresectable or metastatic disease on computed tomography. Within 4 days 
after computed tomography, patients were randomized to undergo PBD (PBD group) 
for a period of 4 to 6 weeks, or to proceed to surgery within 1 week (the ES group).

Preoperative biliary drainage was performed at endoscopic retrograde cholangio-
pancreaticography (ERCP) by placement of a plastic stent. In case of 2 failed ERCP 
attempts, percutaneous transhepatic cholangiography was used as a rescue option to 
achieve biliary drainage.

The standard surgical procedure was a pylorus-preserving pancreatoduodenec-
tomy with removal of lymph nodes at the right side of the portal vein.12 On indication 
of tumor ingrowth in pylorus or proximal duodenum, a classic Whipple procedure 
was performed. In case of metastasis or local tumor ingrowth, biopsy samples were 
taken for histological analysis. Surgical palliation was mostly achieved by creating a 
hepaticojejunostomy with or without gastroenterostomy and celiac plexus neuroly-
sis.12-14 For this analysis, we used and collected additional data from all patients with 
histological proven malignancy. Additional survival data were collected through con-
tacting general physicians, hospitals, or registry databases. Date and cause of death 
were obtained from general physicians or from hospitals where patients had died 
during hospital admittance. If details on cause of death could not be provided, date 
of death was obtained from registry databases.

Statistical Analysis
The main endpoint of the study was overall survival, defined as the time from the 
date of randomization to the date of death, irrespective of cause. Overall and cancer-
specific survival times were evaluated from the time of randomization to the time of 
death. Kaplan-Meier estimates of survival were obtained. Overall survival was com-
pared between the PBD group and the ES group, using log-rank test statistics, and 
evaluated for all patients, for patients who underwent resection and for patients with 
unresectable disease at surgery. Prognostic factors for survival were identified in all 
patients and in patients who had undergone resection.

We examined the effect of a delay in surgery on survival, conditional on a num-
ber of prognostic variables, using multivariable Cox proportional hazards modeling. 
The following predictors were considered: age, sex, serum total bilirubin level at 
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randomization, need for intraoperative blood transfusion, resection of tumor, and 
complications related to PBD or surgery. In addition, the following pathological 
characteristics were considered in patients who had undergone resection: pancreatic 
adenocarcinoma (vs other malignancies), tumor-positive lymph nodes, and micro-
scopically residual disease.

P-values less than 0.05 were considered to indicate statistically significant effects. 
All statistical analyses were performed using SPSS Version 15.0 (Statistical Package 
for the Social Sciences, Chicago, Illinois).

RESULTS

Between November 2003 and June 2008, 202 patients with obstructive jaundice due 
to a suspected periampullary malignancy gave informed consent and were included 
in the randomized trial.

Of these 202 patients, 6 patients were excluded from further analysis because 
they withdrew their informed consent (2), or because their bilirubin levels had not 
been in accordance with the inclusion criteria before randomization (4). In 185 of 
the remaining 196 patients, a final diagnosis of histological proven malignancy was 
made; these patients were included in this analysis (Table 1).

Patient Characteristics
The PBD and ES groups consisted of 95 and 90 patients, respectively. At baseline, 
demographic and clinical characteristics of the 2 study groups were comparable, 
except for sex and body mass index. Five patients in the ES group underwent PBD, 
because surgery could not be scheduled in time (3), cholangitis developed (1) or 
because severe hyperglycemia developed (1). In the PBD group, there were technical 
failures in 3 patients: failure of both ERCP and percutaneous transhepatic cholan-
giography (1), bile duct perforation at ERCP for which an emergency laparotomy was 
performed (1), and hemorrhage at sphincterotomy, which stopped the procedure (1).

Mean difference between groups in the delay to surgery was 4 weeks: the delay 
was 1.2 weeks in the ES group (95% confidence interval [CI], 0.9-1.4) versus 5.2 weeks 
in the PBD group (95% CI, 4.8-5.5). Figure 1 shows the distribution of time from 
randomization to surgery for the 2 groups. Other treatment characteristics of the 2 
study groups were similar. Of the 89 operated patients in the ES group, 29 patients 
were found to have unresectable disease at surgical exploration (33%), versus 38 of 
91 operated patients (42%) in the PBD group (P=0.20). In the PBD group, resection 
rates of patients with or without PBD-related complications were not different (both 
58%, P=0.99). Figure 2 shows the resection versus bypass ratio for the 2 groups, plot-
ted against time from randomization to surgery. Overall diagnoses at pathology in 
resected patients were not different between the ES and PBD groups (chi-square test 
including all pathological entities, P=0.15), but significantly more patients had pan-
creatic adenocarcinoma in the ES group (N=47; 78%) than in the PBD group (N=30; 
57%) (chi-square test of pancreatic adenocarcinoma vs other diagnoses, P=0.01).

Challenging dogmas in pancreatic surgery_008.indd   95 20-9-2012   15:25:01



Pa
rt

 I 
Pr

eo
pe

ra
tiv

e 
B

ili
ar

y 
D

ra
in

ag
e 

fo
r 

Pa
nc

re
at

ic
 C

an
ce

r

96

Table 1 Demographic and clinical characteristics of 185 patients with histology-proven 
malignant disease that were randomized to receive PBD or not.*

Characteristic
ES

(N=90)
PBD

(N=95) P

Patient variables
Age – yr 64.6±9.5 64.7±10.3 0.94
Males, no. (%) 63 (70) 51 (54) 0.02
Comorbidity, no. (%)
Diabetes mellitus 19 (21) 14 (15) 0.26
Cardiovascular disease (other than hypertension) 22 (24) 15 (16) 0.14
Hypertension 20 (22) 21 (21) 0.99
COPD 4 (4) 3 (3) 0.72
Body-mass index† 24.0±3.1 25.2±3.9 0.04
Duration of symptoms – median (IQR), wk 3 (2-5) 3 (2-5)
Weight loss – median (IQR) kg ‡ 5 (3-7) 5 (3-7) 0.58
Karnofsky performance score, no. (%) 0.35
≥80 87 (97) 89 (94)
<80 3 (3) 6 (6)
Total serum bilirubin level§ 149±54.5 160±57.9 0.19

Treatment variables
Underwent PBD, no. (%) 5 (6) 92 (97) <0.01
Time to surgery - wk (mean, 95% CI) 1.2 (0.9-1.4) 5.2 (4.8-5.5) <0.01
Received perioperative blood transfusion, no. (%) 14 (16) 14 (15) 0.95
Type of surgical treatment, no. (%) 0.19
Resection 60 (67) 53 (56)
Palliative bypass procedure or exploration 29 (32) 38 (40)
No surgery 1 (1) 4 (4)
Complications related to PBD and/or surgery, no. (%) 35 (39) 72 (76) <0.01

Pathological variables¶

Unresectable disease, no. (%) 29 (33) 38 (42) 0.20
Characteristics of resectable tumors, no. (%) 0.15
Pancreatic adenocarcinoma 47 (78) 30 (57)
Ampullary adenocarcinoma 7 (12) 12 (23)
Common bile duct adenocarcinoma 4 (7) 6 (11)
Duodenal adenocarcinoma 1 (2) 1 (2)
Neuroendocrine tumor 1 (1) 1 (1)
Cystic tumor 0 3 (6)
Tumor positive lymph nodes (N1) 39 (65) 37 (70) 0.59
Microscopically residual disease (R1) 16 (27) 20 (38) 0.21

* Plus-minus values are means ±SD.
† Body-mass index is the weight in kilograms divided by the square of the height in meters.
‡ Compared to reported weight one year earlier.
§ To convert values for bilirubin to milligrams per deciliter, multiply by 0.0584.
¶ Numbers and percentages shown for 180 patients that underwent surgery and were diagnosed with 

frozen section (when not resected), or at pathological investigation (after resection). CI, confidence 
interval; ES, early surgery; IQR, interquartile range; PBD, preoperative biliary drainage.
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Figure 1  The distribution of time from randomization to surgery in weeks for patients 
randomized to ES or PBD.

Figure 2  The distribution of patients who underwent a resection or a palliative bypass 
procedure, randomized to ES or PBD, plotted in time from randomization to surgery.
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After resection, tumor-positive lymph nodes (N1) and microscopically residual dis-
ease (R1, defined as microscopically tumor involvement of any dissection or resection 
plane) were found in similar proportions in the 2 study groups.

Survival in PBD and ES Groups
Two-year follow-up was complete in 177 (96%) patients. At the last follow-up, 32 
patients were still alive of whom 2-year follow-up was complete in 24 (75%), and 153 
patients had died. One patient had died because of unknown reasons. The cause of 
death in the other patients was disease-related in all but four. These patients died 
because of cardiac disease (2), recurrence of colonic cancer with metastasis (1), and 
metastasized amelanotic melanoma (1). Figure 3 shows the Kaplan-Meier overall sur-
vival curve for the entire group of 185 patients. Median survival time was 12.7 months 
(95% CI, 10.1-15.3).

Figure 3  Kaplan-Meier overall survival curve of 185 patients with a malignancy.

In the PBD group, 77 had died (81%) versus 76 in the ES group (84%). The Kaplan-
Meier overall survival curves for the 2 study groups are shown in Figure 4. Median 
survival time after randomization in the PBD group was 12.7 months (95% CI, 8.9-
16.6), versus 12.2 months (95% CI, 9.1-15.4) in the ES group. Difference between the 
survival curves was not statistically significant (log-rank test, P=0.91).
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Prognostic Factors for Survival in Patients Undergoing Surgical Treatment
The results of the uni- and multivariable analysis of prognostic factors for overall 
survival in all operated patients are given in Table 2. Displayed are the hazard ratios 
and their 95% CIs. In univariable analysis, resection of tumor had a significant pro-
tective effect on survival, whereas a higher bilirubin at the time of randomization 
was associated with worse survival.

Figure 4  Kaplan-Meier overall survival curves of patients with a malignancy who were 
randomized to ES or PBD.

Multivariable Cox regression analysis also demonstrated that resection of tumor and 
high bilirubin at the time of randomization were significant factors for overall sur-
vival. In addition, the occurrence of complications related to PBD or surgery was 
found to be significantly associated with worse survival. Taking other prognostic 
factors into account, patients with a longer delay between randomization and surgery 
had a slightly lower mortality (HR=0.91, per increment of 1 week, 95% CI, 0.84-
0.99).

Survival After Resection
In the ES group, 60 (67%) of 89 patients underwent resection versus 53 (58%) of 91 
patients in the PBD group (P=0.20). Of resected specimens, 44 (73%) were R0-resec-
tions in the ES group, versus 33 (62%) in the PBD group (P=0.21).

Challenging dogmas in pancreatic surgery_007.indd   99 20-9-2012   13:49:22



Pa
rt

 I 
Pr

eo
pe

ra
tiv

e 
B

ili
ar

y 
D

ra
in

ag
e 

fo
r 

Pa
nc

re
at

ic
 C

an
ce

r

100

Two-year follow-up was complete in 105 of 113 resected patients (93%). At last fol-
low-up, 82 (73%) patients had died. In the PBD group, 35 (66%) of 53 resected patients 
had died versus 47 (78%) of 60 resected patients in the ES group.

Table 2 Uni- and Multivariable Analysis of Predictive Factors for Overall Survival in 180 
Patients Who Underwent Surgery for a Malignancy of the Pancreatic Head.

Univariable
HR (95% CI)

multivariable
HR (95%)

Time from randomization to surgery, 1-week 
increment

0.98 (0.92–1.05) 0.91 (0.84–0.99)*

Age, 1-year increment† 1.00 (0.98–1.02) 1.00 (0.98–1.01)
Female sex 1.06 (0.76–1.48) 1.26 (0.87–1.80)
Bilirubin at randomization (quartiles), one quartile 
increment

1.17 (1.01–1.35)* 1.22 (1.04–1.43)*

Underwent preoperative biliary drainage 0.90 (0.65–1.24) NA
Resection of tumor 0.32 (0.23–0.46)‡ 0.28 (0.20–0.41)‡

Blood transfusion intraoperatively 1.10 (0.71–1.71) 1.25 (0.79–1.98)
Complications related to PBD and/or surgery 1.09 (0.79–1.51) 1.45 (1.01–2.09)*

* Significant at P<0.05 level.
† At the time of surgery.
‡ Significant at P<0.01 level.
 CI, confidence interval; HR, hazard ratio; NA, not applicable; PBD, preoperative biliary drainage.

Figure 5  Kaplan-Meier overall survival curves of patients with a malignancy who were 
randomized to ES or PBD and underwent resection of the tumor.
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Prognostic Factors for Survival after Resection
In univariable analysis of patients who had undergone resection (N=113), the fol-
lowing clinicopathological characteristics were significantly associated with worse 
overall survival after surgery: high bilirubin at randomization, pancreatic adenocar-
cinoma (compared with other malignancies), the presence of tumor-positive lymph 
nodes, and microscopically residual disease (Table 3).

Table 3 Uni- and Multivariable Analysis of Predictive Factors for Overall Survival in 180 
Patients Who Underwent Surgery for a Malignancy of the Pancreatic Head.

Univariable
HR (95% CI)

multivariable
HR (95%)

Time from randomization to surgery, 1-week 
increment

0.92 (0.83–1.01) 0.85 (0.75–0.96)*

Age, 1-year increment† 1.00 (0.98–1.03) 1.00 (0.97–1.02)
Female sex 1.06 (0.68–1.66) 1.01 (0.64–1.60)
Bilirubin at randomization (quartiles), one quartile 
increment

1.29 (1.05–1.57)‡ 1.26 (1.02–1.54)‡

Blood transfusion intraoperatively 1.37 (0.81–2.32) NA
Pancreatic adenocarcinoma§ 2.22 (1.34–3.69)* 1.72 (1.00–2.96)‡

Tumor-positive lymph nodes (N1) 2.63 (1.54–4.49)* 2.04 (1.15–3.62)‡

Microscopically residual disease (R1) 2.93 (1.87–4.59)* 2.11 (1.28–3.50)*
Complications related to PBD and/or surgery 1.30 (0.82–2.04) 1.97 (1.18–3.27)*

* Significant at P<0.01 level.
† At the time of surgery.
‡ Significant at P<0.05 level.
 CI, confidence interval; HR, hazard ratio; NA, not applicable; PBD, preoperative biliary drainage.

These variables were entered into a multivariable Cox regression model, alongside 
age and sex, time from randomization to surgery, and overall complications related 
to PBD or surgery. Need for intraoperative blood transfusion was not entered into 
the model because of the low number of events. Multivariable Cox regression analy-
sis showed that time to surgery, total serum bilirubin at randomization, pancreatic 
adenocarcinoma, tumor-positive lymph nodes, microscopically residual disease, and 
overall complications related to PBD or surgery were significant factors for overall 
survival. Taking all other prognostic factors into account, patients with a longer delay 
to surgery had a slightly lower mortality (HR=0.85, per increment of 1 week, 95% CI, 
0.75-0.96).

Survival after Palliative Surgery
At last follow-up, 1 patient (2%) with unresectable disease was still alive, 27.6 months 
after randomization. In Figure 6, the Kaplan-Meier survival curves of the 2 study 
groups are shown for patients with unresectable disease at surgery (log-rank test, 
P=0.94). Median survival time for patients with unresectable disease in the PBD 
group was 7.5 months (95% CI, 14.5-10.5) versus 9.4 months (95% CI, 6.1-12.7) in the 
ES group.
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Figure 6  Kaplan-Meier overall survival curves of patients with a malignancy who were 
randomized to ES or PBD, and underwent a palliative bypass procedure.

DISCUSSION

This is the first randomized study of survival after PBD, followed by surgery com-
pared with surgery alone, in patients with obstructive jaundice due to cancer in the 
pancreatic head region. The primary aim of this analysis was to investigate whether 
PBD, and the associated delay in surgery, does impair overall survival rate in patients 
with a malignant lesion. We found that PBD, with an associated delay in surgery of 4 
weeks, had no effect on overall survival rate, as compared with surgery alone.

The median survival times of the ES and PBD groups, 12.2 and 12.7 months 
respectively, were comparable. Resection rates were 58% in the PBD group versus 
67% in the ES group. Of the resected specimens, 73% were R0 resections in the ES 
group versus 62% in the PBD group. Both these findings did not reach statistical 
significance, although they can be considered clinically relevant. Most studies on 
PBD included only resected patients, to compare postoperative morbidity of pancre-
atic resection, and did not mention the resection rate in patients with a malignancy. 
However, the resection rate may be of importance from the perspective of long-term 
survival in the whole population with potentially resectable tumors. In this study, 
overall resection rate in operated patients was rather low (63%) but still in accordance 
with current literature.8;15 The difference in resection rates did not lead to different 
survival rates in the 2 treatment groups.
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The median survival times after resection of 21.6 months in the PBD group and 
17.8 months in the ES group are irrespective of underlying pathology. The fact that 
resected patients of the ES group contained significantly more pancreatic adeno-
carcinoma than the PBD group is likely to have influenced survival times in the 2 
study groups. It is well accepted that survival following pancreatoduodenectomy for 
pancreatic or periampullary tumors is closely related to the histopathological origin 
and biological behavior of the underlying disease.16 The median survival times in 
resected pancreatic adenocarcinoma (15.2 months) and resected periampullary ade-
nocarcinoma (44.7 months) are in line with those in previously published reports.16;17 
Median survival time in patients who were found to be unresectable at surgery (8.1 
months) is in close accordance with previous studies.18-20

We found that in the entire group of patients who underwent surgical treatment, 
time to surgery was associated with survival, with patients with a longer delay hav-
ing better survival. Resection of the tumor, high bilirubin levels at randomization, 
and the occurrence of complications related to PBD or surgery were other prognostic 
factors for survival rate. In patients who underwent resection, longer delay to surgery 
was also associated with slightly better survival. Other prognostic factors in resected 
patients for survival rate were high bilirubin at randomization, pathological diag-
nosis of pancreatic adenocarcinoma, the presence of tumor-positive lymph nodes, 
microscopically residual disease, and the occurrence of complications related to PBD 
or surgery.

The association between longer delay in surgery and better survival in all patients 
who underwent surgery was not adjusted for pathological entity, because patients 
with unresectable disease were also included in this group. This finding may have 
been influenced by the significantly higher number of pancreatic adenocarcinoma in 
resected patients of the ES group, leading to earlier resection of these tumors with 
worse prognosis.

High serum total bilirubin at randomization was also found to be prognostic for 
overall survival, both in all patients undergoing surgical treatment and in resected 
patients. This relationship has earlier been identified in periampullary tumors but 
was not found in pancreatic adenocarcinoma.21-23

Tumor-positive lymph nodes and microscopically residual disease were found to 
be associated with survival after resection. These associations have been extensively 
described before for both pancreatic adenocarcinoma and periampullary carcinoma; 
in pancreatic adenocarcinoma, the achievement of a margin-negative R0 resection 
has been demonstrated to be the most significant predictor for long-term survival, 
whereas for periampullary carcinoma periampullary carcinoma positive lymph node 
positive lymph node status is highly predictive of a dismal outcome.22;24-29

We found that the occurrence of complications related to PBD or surgery is associ-
ated with worse survival. Postoperative complications have earlier been recognized 
as a prognostic factor for long-term survival after resection for pancreatic and peri-
ampullary cancer.21;24 Similar findings have been described in oral cancer, colorectal 
cancer, and esophageal cancer.30-32 A possible explanation for this phenomenon is 
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the presence of residual viable tumor cells, especially at anastomotic sites, combined 
with a systemic inflammatory response leading to the release of proinflammatory 
cytokines and growth factors and an associated immunosuppression, which may 
stimulate the growth of these residual tumor cells.31;32

Preoperative biliary drainage was originally performed to improve hepatic func-
tion, nutritional status, and immune response, and to reduce the risk of postopera-
tive complications.2;33 The optimal duration of therapeutic biliary drainage to reverse 
major metabolic abnormalities associated with severe jaundice is unclear.2;5 A short 
period of drainage does not lead to full recovery, whereas a too extensive period risks 
stent occlusion and secondary inflammation of the bile duct wall.34;35 In our rand-
omized trial, we aimed for 4 to 6 weeks of biliary drainage. Although early stud-
ies showed improved postoperative mortality in jaundiced patients after PBD, other 
studies found no beneficial effects of the procedure.4;36-41 In the total patient cohort of 
this study, we showed that PBD of 4 to 6 weeks leads to more complications than sur-
gery alone and should not be routinely performed.5 However, the majority of patients 
with obstructive jaundice referred to our hepatopancreaticobiliary department have 
already undergone biliary drainage, as is the current situation in many other institu-
tions.6;42 Apart from the change in referral pattern that is needed for an ES strategy, 
the difficulty to schedule such a complex operation within a week may hamper the 
introduction of an ES strategy in daily practice.6;43 When ES is not feasible, one may 
still have to opt for a strategy with PBD. Although this study was not powered to 
detect differences in survival, the almost identical Kaplan-Meier survival curves of 
the 2 study groups show that the delay in surgical therapy associated with PBD has 
no negative effect on survival.

In conclusion, PBD followed by surgery does not impair long-term overall survival 
in patients with obstructive jaundice due to cancer in the pancreatic head region, as 
compared with surgery alone. PBD does not offer a survival benefit either. Consider-
ing the risk of procedural complications, ES remains the treatment of choice.
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ABSTRACT

Background
Chylous ascites (CA) is a complication that follows thoracic and abdominal sur-
gery, recognized after provocation by enteral feeding and characterized by its milky 
appearance from an elevated triglyceride level. The aim of this study was to evaluate 
incidence, management, and predisposing factors of CA and its impact on outcomes 
after pancreatoduodenectomy.

Study design
Between 1996 and 2007, 609 consecutive patients underwent pancreatoduodenec-
tomy. Patients having a drain output with a milky appearance, and with a triglyceride 
level greater than 1.2 mmol/L, were compared with patients without significant drain 
production or with a low triglyceride level. Management of CA was reviewed.

Results
Sixty-six patients had isolated CA (11%) of any measurable volume, 440 patients (72%) 
had no CA, and 109 patients (16%) were excluded from analysis. CA was diagnosed 
on postoperative day 6 (median; interquartile range 5 to 8), generally after introduc-
tion of a normal (polymeric low-chain-triglyceride) diet. Female gender (odds ratio, 
1.79; 95% CI, 1.05 to 3.03) and chronic pancreatitis at pathology (odds ratio, 2.52; 95% 
CI, 1.19 to 5.32) were independently associated with development of isolated CA. A 
low-chain-triglyceride–restricted diet was initiated in 47 patients, 3 were started on 
total parenteral nutrition, and an expectative approach was followed in 16 patients. 
CA resolved after 3.5 days (median; interquartile range, 2 to 5). Isolated CA was sig-
nificantly associated with prolonged hospital stay (p=0.002).

Conclusions
We propose a novel definition and grading system for CA after pancreatoduodenec-
tomy, according to which the incidence is 9%, with clinically significant CA occur-
ring in 4% (grades B and C). Although female gender and (focal) chronic pancreatitis 
were associated with development of isolated CA, no predisposing factors that could 
readily anticipate CA were identified. Isolated CA was associated with prolonged hos-
pital stay.
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INTRODUCTION

Leakage of chyle is an uncommon but potentially hazardous complication in thoracic 
and head-and-neck surgery.1-7 Accumulation of chyle in the peritoneal cavity, termed 
chylous ascites (CA), is a rare condition in abdominal surgery, described mainly after 
aortic surgery and extended retroperitoneal lymphadenectomy for urologic malig-
nancies.8-10 Postoperative CA usually develops as a result of direct operative trauma 
to the thoracic duct, cisterna chyli, or their major tributaries; the extensive loss of 
lymph nodes after resection procedures prohibits adequate drainage, causing conges-
tion of upstream lymph ducts.11

Chyle consists of intestinal lymphatic fluid enriched after feeding with fat-solu-
ble vitamins and long-chain triglycerides (TG) incorporated in chylomicrons. The 
fat component accounts for the milky appearance of chyle. Because lymphatic fluid 
contains lymphocytes and immunoglobulins, loss of the fluid results in lymphocy-
topenia, which renders patients susceptible to infection-related complications.12;13 In 
thoracic surgery, leakage of chyle results in a significant increase of pulmonary com-
plications and is associated with increased mortality.9;13 The most common present-
ing symptom after abdominal surgery is abdominal distention.8;9;14

The mainstay of CA treatment is conservative management with dietary meas-
ures, involving a high-protein, low-fat, medium-chain-triglyceride (MCT)–contain-
ing diet or total parenteral nutrition (TPN), intended to decrease the flow of lymph.8;15 
Administration of somatostatin has also been reported to be beneficial.16-18 In intrac-
table cases of CA (repeated), paracentesis or surgical treatment by peritoneovenous 
shunting or direct suture ligation of leaking lymphatic channels are last-resort 
options.8;13

Except for a few case reports and a recent small series, studies on CA in large 
series of patients who underwent a pancreatoduodenectomy (PD) do not exist.19-22 
This might be because of its low incidence, but also from the lack of a clear definition 
of CA after this particular type of surgical intervention, resulting in the unavail-
ability of data. So the aim of this study was to assess the incidence and management 
of CA in patients who underwent pancreatoduodenectomy with curative intent, to 
analyze predisposing factors, and to evaluate the impact on patient outcomes.
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mETHODS

Patients underwent a pancreatoduodenectomy, or the pylorus-preserving modifica-
tion (PPPD), at the Academic Medical Center between January 1996 and Decem-
ber 2007. A prospective database collected clinicopathological data and postopera-
tive dietary measures for each patient. The operations were performed with curative 
intent, i.e., in the absence of local irresectability or distant metastases.

Briefly, PPPD was the standard surgical procedure, with concomitant resection of 
the following lymph node groups: anterior and posterior pancreaticoduodenal lymph 
nodes (stations 13a/b, 17a/b), nodes of the anterior-superior region of the common 
hepatic artery (station 8a), nodes on the right side of the hepatoduodenal ligament 
(stations 12b1/2, 12c), and lymph nodes to the right of the superior mesenteric artery 
(station 14a/b).23;24 When nodes at the celiac trunk (station 9) were positive at frozen 
section during laparotomy, resection was abandoned and a palliative biliary and gas-
tric bypass was performed. In case of suspicious tumor ingrowth in the proximal 
duodenum or pylorus, a standard Whipple procedure was performed. Reconstruc-
tion consisted of a retrocolic jejunal loop with an end-to-side pancreaticojejunostomy, 
hepaticojejunostomy, and gastro- or duodenojejunostomy. In 2000 we abandoned 
the strategy of routine application of a feeding jejunostomy with early enteral feeding 
(within 24 hours), because a prospective study could not demonstrate any benefit.25 
Drain management consisted of leaving a subhepatic silicone drain extending to the 
pancreatic anastomosis; output in the postoperative course was measured daily. The 
drain was removed when the output had fallen below 100 mL/day and had an amyl-
ase content lower than 3 times the upper normal serum value. Until 2004, somato-
statin was administered routinely (0.1 mg octreotide, 3 times daily subcutaneously 
for 7 days) as a measure to prevent pancreatic leakage. Thereafter, administration of 
somatostatin was restricted to patients with a soft pancreas, as encountered during 
operation, or with a nondilated (< 3 mm) pancreatic duct.

A drain output with milky appearance, concurrent with the start of enteral feed-
ing, with a TG concentration greater than 1.2 mmol/L, was defined as CA.26 For this 
study, patients with CA, a low TG level in drain output, or no significant drain output 
were included. Patients with a drain output on or after postoperative day 3 with an 
amylase content greater than three times the serum amylase activity, considered to 
indicate pancreaticojejunostomy leakage, were excluded. Patients with bilirubin in 
the drain output (leakage from the hepaticojejunostomy) and patients who lacked 
TG measurement of drain output were excluded so we could specifically assess the 
incidence of isolated CA, its management, and the outcomes of dedicated therapeu-
tic measures. Leakage from pancreaticojejunostomy or hepaticojejunostomy requires 
mostly major interventions, including dietary measures, which, in the presence of 
CA, complicate analysis of treatment effect. In addition, amylase or bilirubin could 
interfere with the TG content of drain output, complicating the diagnosis of isolated 
CA. Generally, primary treatment of CA has consisted of a low-chain-triglyceride 
(LCT)–restricted diet with substitution of high protein content.
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Abbreviations and Acronyms

CA = chylous ascites
IQR = interquartile range
LCT = low-chain triglyceride
OR = odds ratio
PD = pancreaticoduodenectomy
PPPD = pylorus-preserving pancreaticoduodenectomy
TG = triglyceride
TPN = total parenteral nutrition

Table 1 Clinicopathological characteristics of 66 patients (11%) with isolated CA and 
440 patients (72%) without CA.

Characteristic
CA

(N=66)
No leakage

(N=440)
P-value*

Baseline characteristics
Age, mean (SD), y 63 (12) 63 (11) 0.935
Female gender, n (%) 36 (54) 185 (42) 0.056
ASA classification, n (%)

Class 1,2 54 (82) 362 (82) 0.928
Class 3 12 (18) 78 (18)

Surgical management
 Type of operation

PD, n (%) 10 (15) 45 (10) 0.231
PPPD, n (%) 56 (85) 395 (90)

Somatostatin, n (%) 57 (86) 371 (84) 0.668
Feeding jejunostomy 31 (47) 153 (35) 0.055
Blood transfusion (≤24hrs) 18 (27) 112 (26) 0.753
Pathology, n (%)

Adenocarcinoma 46 (70) 326 (74) 0.451
Other (pre)malignancy 3 (5) 41 (9) 0.247
Cystic tumor 6 (9) 38 (9) 0.903
(Focal) chronic pancreatitis 11 (17) 35 (8) 0.022†

Tumor diameter, cm, median (min-max) 2.4 (0.5-11) 2.7(0.5-11) 0.315
N stage,‡ n (%)

N0 28 (54) 178 (46) 0.279
N1 24 (46) 210 (54)

Resected nodes, n, mean (SEM) 7 (0.65) 7 (0.29) 0.803
Positive nodes, n, mean (SEM) 1 (0.25) 2 (0.12) 0.224
Radicality,‡ n (%)

R0 40 (77) 277 (71) 0.404
R1 12 (23) 111 (29)

Differentiation (of adenocarcinoma), n (%)
Poor 14 (30) 142 (44) 0.091
Moderate/good 32 (70) 184 (56)

* Fisher’s exact test, chi-square test, Mann-Whitney U test with P<0.05 considered significant.
† P<0.05.
‡ Analyzed for patients with adenocarcinoma, other (pre)malignant or malignant cystic lesions.
ASA, American Society of Anesthesiologists; CA, chylous ascites; PD, pancreatoduodenectomy; PPPD, 
pylorus-preserving PD; R0, microscopically radical resection; R1, microscopic tumor left behind.
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Baseline characteristics, operative management, and pathologic findings for 
patients with or without isolated CA were compared. The incidence of additional sur-
gical and nonsurgical complications, with the exception of anastomotic leakage, was 
assessed to evaluate the impact of isolated CA on outcomes. Type of management 
initiated for isolated CA and the results were analyzed.

SPSS statistical software, version 14.0.2 (SPSS, Inc), was used for statistical analy-
sis. Mean ± SD, or median with range if not normally distributed, described con-
tinuous parameters. Student’s t-test, Mann-Whitney U test, or Fisher’s exact test, 
used where appropriate, analyzed the differences in the various parameters between 
patients with and patients without isolated CA. Logistic regression sought to identify 
factors associated with development of isolated CA, and linear regression investi-
gated the impact of CA on ICU and hospital stay. A P-value less than 0.05 was con-
sidered statistically significant.

RESULTS

During the study period, 609 consecutive patients underwent a PD or PPPD for 
a suspected pancreatic or periampullary malignancy, and 1 patient for a traumatic 
pancreas rupture. Patients who underwent PD for pain associated with chronic pan-
creatitis were not included. Anastomotic leakage or the lack of TG-level measure-
ment of drain output, precluding laboratory confirmation of CA, was the reason for 
exclusion of 103 of 609 patients (17%). Isolated CA occurred in 66 patients (11%); 440 
patients (72%) had no significant drain output or a TG level below the cut-off level of 
1.2 mmol/L.26

Laboratory-confirmed CA was diagnosed after a median of 6 days (range 3 to 52 
days), with a 75th percentile of 8 days, i.e., three-quarters of CA cases were detected 
between postoperative days 3 and 8. Presentation of CA in all but three patients con-
sisted of a drain output with milky appearance after the introduction of a polymeric 
LCT-containing diet; the patients remained clinically well. The remaining 3 patients 
complained of distended abdomen, for which paracentesis and analysis of aspirated 
fluid revealed CA (in 2 patients at readmission 2 weeks after discharge). The median 
TG concentration of drain output, with a median volume of 500 mL (range 15 to 2,100 
mL), was 2.6 mmol/L (range 1.21 to 17.1 mmol/L) at time of diagnosis.

Table 1 summarizes the clinicopathological characteristics of patients with and 
without isolated CA. Baseline characteristics (age, gender, American Society of Anes-
thesiologists classification), perioperative characteristics (type of operation, feeding 
jejunostomy, routine somatostatin administration, perioperative blood transfusion), 
N stage, number of resected lymph nodes, and residual tumor status were not sig-
nificantly different between groups. Focal chronic pancreatitis as final diagnosis at 
pathology was present significantly more often in patients with isolated CA (p=0.02). 
Regression analysis demonstrated that female gender, feeding jejunostomy, focal 
chronic pancreatitis, and differentiation grade of adenocarcinoma were associated 
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with development of isolated CA at the p ≤ 0.1 level (Table 2). Multivariable analysis of 
these variables demonstrated that female gender (odds ratio [OR], 1.78; 95% CI, 1.05 
to 3.03; p=0.034) and chronic pancreatitis (OR, 2.52; 95% CI, 1.19 to 5.32; p=0.016) 
were independent associated factors. When differentiation grade was entered into 
the model, a variable applicable only to patients with adenocarcinoma, female gender 
failed to reach significance (data not shown).

Table 2 Uni- and multivariable logistic regression for factors associated with development of 
chylous ascites.

Univariable multivariable
OR 95% CI P-value OR 95% CI P-value

Patient factors
Age, 1-year increments 1.00 0.98-1.02 0.990
Female gender 1.65 0.98-2.78 0.058† 1.78 1.05-3.03 0.034‡

ASA classification 3 (compared with 
1 and 2)

1.03 0.53-2.02 0.928

Surgical management
PPPD (compared with PD) 0.64 0.30-1.34 0.234
Routine somatostatin 1.18 0.56-2.49 0.668
Feeding jejunostomy 1.66 0.99-2.80 0.056† 1.65 0.97-2.79 0.063
Blood transfusion within ≤24hrs 1.01 0.61-1.97 0.753

Pathology
Histology

Adenocarcinoma 0.80 0.46-1.42 0.451
Other (pre)malignancy 0.46 0.14-1.54 0.210
Cystic tumor 1.06 0.43-2.61 0.903
(Focal) chronic pancreatitis 2.31 1.11-4.82 0.025† 2.52 1.19-5.32 0.016‡

Tumor diameter >2.6 cm (median) 0.76 0.42-1.37 0.359
Presence of lymph node metastasis 
(N1)

0.73 0.41-1.30 0.281

Resected nodes >7 (median) 1.29 0.75-2.22 0.358
Microscopic tumor left (R1) 0.75 0.38-1.48 0.405

Differentiation moderate/good 
(compared with poor)§

1.76 0.91-3.43 0.094† 1.82 0.93-3.56 0.082

* Variables with p<0.1 were subsequently entered in multivariable analysis, in which variables with 
p<0.05 were considered to be independently associated with development of isolated chylous ascites.

† p<0.1.
‡ p<0.05.
§ Variable confined to patients with adenocarcinoma.
ASA, American Society of Anesthesiologists; OR, odds ratio; PD, pancreatoduodenectomy; PPPD, 
pylorus-preserving pancreatoduodenectomy.

After establishing a diagnosis of CA, an expectative approach was followed in 16 
patients; in 50 patients dietary therapy was started. Patients who received therapy 
had a significantly higher drain output on day of diagnosis compared with patients 
who underwent an expectative approach, i.e., 600 mL (median interquartile range 
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[IQR], 400 to 963 mL) versus 275 mL (median IQR, 133 to 494 mL; p<0.001; Fig. 1). 
Forty-seven patients were started on an LCT-restricted diet; two of these patients 
underwent earlier (diagnostic) paracentesis. Another three patients were started on 
total parenteral nutrition (TPN) at the discretion of the treating surgeon, in one of 
these patients also after a (diagnostic) paracentesis. TPN was switched to an oral 
LCT-restricted diet after several days. Once therapy was started, isolated CA resolved 
after a median of 3.5 days (range 1 to 16 days). One of the two readmitted patients was 
readmitted a second time because of general malaise. A transanal puncture of an 
encapsulated CA collection in the rectovesical pouch was performed, and the patient 
quickly recovered.

* P < 0.05

Figure 1  Median volume of isolated chylous ascites (symbols) with interquartile range on the 
day of diagnosis (index), the day therapy is started (day 0), and days after, discerned 
by intervention (squares, straight line) and expectative management (triangle, dotted 
line).

There were no significant differences in the occurrence of additional surgical and 
general complications or ICU stay in patients with isolated CA compared with those 
without (data not shown). Overall hospital stay was significantly longer for patients 
with isolated CA: 15 days (median IQR, 12 to 18 days) versus 12 days (median IQR, 10 
to 16 days) for patients without CA (p=0.002). Linear regression analysis of compli-
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cations (isolated CA included) demonstrated that isolated CA was an independent 
variable for prolonged hospital stay (p=0.004). When anastomotic leakage, either 
pancreatic or biliary, was incorporated in the model, isolated CA failed to reach sig-
nificance in influencing overall hospital stay.

DISCUSSION

This study demonstrated that the overall incidence of isolated CA of any measurable 
volume in patients who underwent PD is 11%. Female gender and a pathologic diag-
nosis of (focal) chronic pancreatitis were independently associated with development 
of isolated CA. In the absence of anastomotic leakages, isolated CA was not related 
to the occurrence of other surgical and nonsurgical complications after PD. Isolated 
CA was an independent prognostic factor for prolonged hospital stay, but could be 
successfully treated with dietary measures, resulting in a nonproducing drain after 
a median of 3.5 days.

CA in abdominal surgery, recognized after provocation by enteral feeding, arises 
from surgical trauma to the abdominal lymphatic plexus or develops through fistulas 
between intestinal lymphatics, cisterna chyli, and the peritoneal cavity.8;27 Because 
the cisterna chyli are located at the same level as the pancreatic head, anterior to the 
first and second vertebrae, damage is likely to occur during a PD procedure. Extended 
lymphadenectomy carries an increased risk of laceration to the cisterna chyli or tribu-
taries, and the occurrence of CA, but is not performed in our center because of the 
lack of survival benefit, as has been confirmed by a recent metaanalysis.28 As a con-
sequence, we could not possibly detect an association between CA and the number of 
(positive) lymph nodes resected, a recognized risk factor for chyle leakage in thoracic 
surgery.7 Interestingly, the series analyzed in the metaanalysis also did not report on 
CA as an encountered complication or an increased risk.

This study demonstrated female gender and (focal) chronic pancreatitis to be 
independently associated with development of isolated CA. The association between 
CA and chronic pancreatitis is of interest. It might be hypothesized that surround-
ing infiltration or inflammation in these patients requires more extensive surgery 
risking leakage. Another hypothesis could be that a longstanding inflammatory pro-
cess causes congestion of lymph, with subsequent lymph duct enlargement, more 
likely to be interrupted during operations. Although hypertriglyceridemia is an 
established cause of acute pancreatitis, the opposite (pancreatitis-associated CA) has 
been reported in only a few case reports and lacks evidence.29;30 The predisposition of 
women to development of isolated CA is hard to explain on the basis of current infor-
mation, and the influence of unrecognized confounding variables cannot be ruled 
out. The possibility that there is an interaction between CA development and anas-
tomotic leakage (pancreatico- or hepaticojejunostomy or both) is possible. Aggressive 
pancreatic enzymes, released when leakage occurs, and bilirubin damage surround-
ing soft tissue, could interfere with the triglyceride content of drain output. In these 
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circumstances, to diagnose CA, based on TG level and appearance (milky), is very 
hard, if not impossible. In addition, the relevance of detecting CA, a relatively mild 
complication, in the presence of such leakages, considered the most major complica-
tions of pancreatic surgery, is low. Pancreaticojejunostomy or hepaticojejunostomy 
leakage requires mostly major interventions, which, in the concomitant presence of 
CA, complicate analysis of treatment effect.

Randomized controlled trials demonstrated that immediate postoperative enteral 
feeding through a jejunostomy tube is not beneficial in patients undergoing PD and 
is even associated with impaired respiratory mechanics and postoperative mobil-
ity.25;31 Theoretically, application of a feeding jejunostomy might lead to earlier provo-
cation with enteral feeding and, as such, poses a risk for development of CA. Indeed, 
this study demonstrated a feeding jejunostomy to be associated with development of 
CA, but this factor was significant only in univariable analysis. This finding should 
be taken into account when implementing fast-track perioperative care programs, 
which are emerging and, in fact, propagate early enteral feeding.32 Studies are needed 
to detect whether or not implementing fast-track programs in pancreatic surgery 
poses a risk for development of isolated CA.

Conservative management is the mainstay in treatment of CA.8 Reoperations to 
repair injured lymphatic ducts were not necessary in this study, nor was application 
of a peritoneovenous shunt. All patients started on an LCT-restricted diet responded 
and did not run an increased risk of developing other complications. With an estab-
lished diagnosis of isolated CA, three patients were started on TPN, but an LCT-
restricted diet would probably have sufficed. Although Malik and colleagues22 recently 
advocated the use of TPN as primary measure for CA after PD, TPN should be used 
as second-line treatment for refractory cases of isolated CA; TPN is expensive, the 
dedicated central venous catheter harbors a risk of infection, and enteral feeding 
maintains the intestinal mucosa integrity, in contrast to TPN. A recent systematic 
review found that routine postoperative TPN was associated with a higher incidence 
of complications compared with enteral nutrition, specifically in patients undergoing 
a PD.33 Although some authors have proposed somatostatin as an adjunctive measure 
to treat CA, somatostatin in this study, started as prophylaxis to prevent pancreatic 
leakage, was not a factor associated with prevention of isolated CA development.16-18 
The indication to perform paracentesis in three patients in this series was diagnostic 
rather than therapeutic, although it offered an immediate palliative effect. Neverthe-
less, dietary intervention should always follow in these patients.

The significance of leaving a prophylactic drain after pancreatic head resection is 
controversial.34 Routinely leaving a drain after resection allows monitoring and treat-
ment of anastomotic leakage or postoperative hemorrhage. A recent study from Japan 
showed that short-term postoperative drainage, i.e., drain removal on postoperative 
day 4, was an independent factor in reducing infectious complications.35 Conlon and 
associates36 concluded that drainage should not be standard practice, even though 
the majority of their patients had pancreatic adenocarcinoma, which is less prone 
to anastomotic leakage because of the firm texture of the pancreas and dilated duct. 
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Abandoning drainage excludes the possibility of detecting CA in drain output, neces-
sitating close monitoring of the patient, especially the day after starting enteral feed-
ing. A low threshold to start an LCT-restricted diet is advised in case of complaints of 
abdominal fullness or distention after enteral feeding.

A drawback of this study is that serum TG level was not determined simultane-
ously with drain TG level. A TG level in drain output of more than 1.2 mmol/L was 
considered to confirm the diagnosis of isolated CA. But the TG level in lymph is pos-
sibly related to the nutritional status of the host.26 Malnourishment, not uncommon 
in pancreatic surgery patients, might result in lower TG levels both in serum and 
lymph and in underdiagnosis of CA, when 1 sticks to a cut-off TG level of 1.2 mmol/L 
in drain output. In addition, to establish a diagnosis of CA, TG content of drain out-
put needs to exceed the serum TG level.37 It might be argued whether or not a drain 
output as low as less than 100 mL/day, despite a TG level greater than 1.2 mmol/L, 
should be regarded as CA or merely a chyliform type of effusion. Three of our expec-
tatively treated patients indeed had outputs below 100 mL/day.

Clearly the lack of a uniform definition of isolated CA after PD complicates its 
assessment. To begin with, a clear definition should contain: a drain output with 
milky appearance and a TG-level >1.2mmol/L, in the absence of anastomotic leak-
age. Moreover, consideration should be given to the amount, required treatment and 
implications for hospital stay. Rather than to adopt the threshold of 600 mL/day from 
thoracic surgery reports to establish diagnosis, we chose a minimal production of 275 
mL as diagnostic for CA, based on our finding that patients below this cut-off were 
managed adequately with an expectant approach.38 Drain output with high TG level, 
but below this production threshold, should be regarded as chyliform effusion. In 
addition, following the International Study Group for Pancreatic Surgery’s initiative 
to grade complications according to severity, a grading system is proposed in Table 
3.39 Grade A implies biochemically present, but clinically not significant CA, so no 
or only a minor deviation of the clinical pathway follows; grade A might or might 
not be treated with an LCT diet, but CA production should be limited to several days 
and there should not be a prolonged hospital stay. Grade B is associated with longer 
duration of CA production requiring persistent drainage and results in a prolonged 
hospital stay. Grade C is reserved for patients scoring positive on 1 or more of the 
following items: duration of CA production greater than 2 weeks despite therapeutic 
measures, requirement of TPN or surgical intervention or both, and readmission 
related to CA development. Applying this definition and grading to our own series 
would result in an incidence of CA of 9% (54 of 609; grade A, 31 patients; grade B, 
15 patients; grade C, 8 patients). So, clinically significant CA comprises 4% (grades B 
and C, 23 of 609). The proposed definition of the complication and grading system 
might be applicable to other abdominal operations, but tailored adaptations should 
be investigated for each specific intervention and implemented whenever necessary.

In summary, the estimated incidence of isolated CA after PD is 11%, but when 
applying a novel proposed definition and grading system, clinically significant CA 
occurs in 4% (grades B and C). Female gender and (focal) chronic pancreatitis are 
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independently associated with development of isolated CA, but no factors were iden-
tified that could readily anticipate CA. Isolated CA results in a prolonged hospital stay 
but is effectively controlled by dietary measures in the majority of patients. Based on 
this experience, our group proposes a dedicated definition and grading system of CA 
after pancreatoduodenectomy.

Table 3 Proposed Grading System for Isolated Chylous Ascites after Pancreatoduodenectomy 
According to Severity.

Criteria Grade A Grade B Grade C

Clinical conditions Well Often well Ill appearing
Signs of infection No No Yes
Ultrasound/CT (if obtained) Negative Negative/positive Positive
Duration of CA production < 7 days 7-14 days > 14 days
Dietary measure Yes/No* Yes* Yes†

Persistent drainage No Usually yes Yes
Surgical intervention No No Yes/No‡

Prolongation of hospital stay§ No Yes Yes
Readmission§ No No Yes/No

* Low-chain-triglyceride–restricted diet.
† Total parenteral nutrition.
‡ Paracentesis, direct surgical repair, peritoneovenous shunt.
§ Because of chylous ascites development.
 CA, chylous ascites.
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ABSTRACT

Background
To enhance transparency in outcome registration the International Study Group of 
Pancreatic Surgery (ISGPS) has initiated consensus definitions and severity grading. 
In a large cohort we evaluated ISGPS definitions by comparison with our former sys-
tem and investigated the grading in relation to relevant outcome variables.

Methods
Previous used definitions of complications and ISGPS definitions were applied to a 
consecutive series of 626 patients who underwent pancreatoduodenectomy between 
1994 and 2006. Complication rates were compared and clinical outcomes (hospital 
stay, mortality) through all ISGPS grades were investigated.

Results
Postpancreatectomy hemorrhage (PPH) occurred in 19 patients (3%) according to 
former vs. 51 (8%) according to ISGPS definitions; postoperative pancreatic fistula 
(POPF) in 81 (13%) vs. 116 (18%); delayed gastric emptying (DGE) in 162 (26%) vs. 430 
(69%). For POPF and PPH no major difference in clinical outcome and management 
was observed between patients without complication and grade A. For all three com-
plications higher ISGPS grades (B,C) corresponded with prolonged hospital stay: for 
PPH 14 days for patients without complication/grade A vs. 17 days for grade B and 32 
days for grade C (P<0.001). For POPF: 13 vs. 22 and 36 days respectively (P<0.001), 
and DGE 10 vs. 20 and 33 days respectively (P<0.001). Each grade C complication, in 
resemblance to the former definition, was associated with highest mortality.

Conclusions
Application of ISGPS definitions increases complication registration significantly, 
but the clinical grading system correlates severity with relevant outcome. Minor 
modifications for POPF and PPH, and less restrictive criteria for DGE are required 
to prevent overdiagnosis. For DGE suggestions for revision of the current conceptual 
ISGPS criteria are provided.

Challenging dogmas in pancreatic surgery_007.indd   126 20-9-2012   13:49:25



127Chapter 8 Consensus Definitions of Complications

INTRODUCTION

Current low mortality rates following pancreatoduodenectomy (PD) for pancreatic 
and periampullary cancer have been attributed to an increased experience with 
the procedure, the key reason for a plea for centralization of this complex surgical 
procedure.1-6 Despite this recognized inverse relationship of institutional volume 
and mortality, high morbidity rates after PD persist with percentages up to 54% 
in recent reports.1;7-10 A debate over outcome is largely compromised by difference 
in employed definitions for the various complications, prohibiting conclusive com-
parisons between institutions. This lack of objective parameters has been observed 
by various groups and has led to initiatives for expert meetings to build consensus 
around definitions.11;12 The International Study Group of Pancreatic Surgery (ISGPS) 
has proposed definitions for three important postoperative complications: Postopera-
tive pancreatic fistula (POPF), postpancreatectomy hemorrhage (PPH), and delayed 
gastric emptying (DGE).11;13;14

Anastomotic leakage at the pancreaticojejunostomy resulting in POPF is regarded 
one of the most serious complications of PD with a reported incidence ranging from 
2.1 to 22.6% in recent large series.7;15-22 Postpancreatectomy hemorrhage (PPH) is 
one of the most severe complications after pancreatic resection with life-threatening 
potential occurring up to 8.8%.23-27 PPH can occur in the early or late postoperative 
phase [delayed massive hemorrhage: DMH], for which different reports distinguish 
various intervals.26;27 Whereas, late PPH is often associated with a POPF or a local 
septic focus, early PPH is generally caused by technical failure.24;26;27 DGE is one of 
the most prevalent postoperative complications after PD, often in association with 
other complications, with an incidence up to 57%.28-30 Although not life-threatening, 
DGE is a bothersome complication that prolongs hospital stay, affects quality of life 
and delays adjuvant therapies.31

Lately studies that have addressed the implications of the ISGPF definitions for 
the respective complications have been published in short term.32-35 Wente et al. 
found the ISGPS classification scheme accurate in delineating POPF and evaluation 
of severity, but suggested further justification has to come from critical appraisal of 
the ISGPS criteria by other institutions. Evaluation of the ISGSP definition for PPH 
by one of the authors of the consensus definition showed that the ISGPS definition of 
PPH was feasible and applicable, but produced a high rate of false positive mild PPH 
cases for which minor modifications seem indicated.33

The aim of the present study was to evaluate the incidence of POPF, PPH and 
DGE in patients undergoing PD, by applying both ISGPS definitions and definitions 
previously published by our group and currently used in our complication registra-
tion.15;27;36 Possible changes in registration were studied, as well as the value of the 
ISGPS grading system for each complication.
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mETHODS

Patients and Surgical Technique
Between January 1994 and December 2006, a consecutive series of 626 patients 
underwent PD, or the pylorus preserving modification (PPPD), for a suspected pan-
creatic or periampullary malignancy at the Academic Medical Center (AMC). The 
clinicopathological data were prospectively collected in a database. Operations were 
performed with curative intent, i.e. in the absence of extensive local invasion and/or 
distant metastases. In short, the standard surgical procedure consisted of a pylorus 
preserving PD, as previously described, with concomitant dissection of the regional 
lymph nodes at the anterior and posterior face of the head, around the common and 
proper hepatic artery, in the hepatoduodenal ligament and lymph nodes to the right 
of the superior mesenteric vein.37-39 In case of suspicion on tumor ingrowth in the 
proximal duodenum a classical Whipple procedure was performed. In case intraop-
eratively (minimal) tumor ingrowth of the portal or superior mesenteric vein was 
found, a segmental or wedge resection was carried out.40;41 Reconstruction consisted 
of a retrocolic jejunal loop with end-to-side pancreaticojejunostomy, hepaticojeju-
nostomy and gastro- or duodenojejunostomy. Pancreaticogastrostomy was not per-
formed. Biliary T-drains or transhepatic biliary drainage were not used routinely. 
Drain management consisted of leaving a subhepatic silicone drain extending to the 
pancreatic anastomosis, of which the output in the postoperative course was meas-
ured daily. Routine application of a feeding jejunostomy was abandoned in the year 
2000, because a prospective study could not demonstrate any benefit.42 Up to 2004 
prophylactic somatostatin was administered routinely (three times daily for 7 days) to 
prevent pancreatic leakage. Thereafter administration of somatostatin was confined 
to patients with a pancreas of soft texture as encountered during surgery, or in the 
presence of a non-dilated pancreatic duct (<3mm). At the start of surgery antibiotics 
were administered for 24 hours as prophylaxis.

Postoperative Course
The drain near the anastomosis was removed when output had fallen below 100mL/
day without signs of anastomotic leakage, i.e. drain amylase activity lower than 3 
times serum amylase activity and no bilirubin in drain output. Incidence, time of 
onset and type of complication were recorded for both surgical (POPF, PPH, DGE, 
biliary leakage, wound infection, intra-abdominal abscess) and non-surgical (pulmo-
nary, cardiac, urological and other) complications. Nutritional support, nasogastric 
tube (NGT) management and (recovery of) gastrointestinal function were recorded. 
Initial hospital stay, intensive care unit (ICU) stay, reoperations and 30-day readmis-
sions were recorded. Mortality was defined as death due to any cause during hospi-
talization.
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Pancreatic Fistula
Criteria from Johns Hopkins, and adapted and previously published by our group, 
define POPF by a high amylase level in the abdominal drain effluent (more than 3 
times serum level), leakage proven at imaging or relaparotomy, in combination with 
one or more clinical signs such as peritoneal tenderness, progressive abdominal pain, 
fever or leucocytosis.43 The ISGPS defines POPF as any measurable drainage from 
an intraoperatively placed drain (or a subsequently placed percutaneous drain) on or 
after postoperative day 3, with an amylase content greater than 3 times the upper limit 
of normal serum amylase level.11 ISGPS grade A depicts transient, asymptomatic fis-
tulas, grade B fistulas require further evaluation and (minimal invasive) therapeutic 
measures, grade C fistulas lead to major deviations in management (Table 1).

Treatment was generally started by restriction of oral intake and maintenance of 
drain placement.15 In case diagnostic imaging revealed a concomitant intra-abdom-
inal abscess or fluid collection percutaneous drainage was performed, while relapa-
rotomy was reserved for clinical deterioration of the patient or failure to improve. In 
case of confined anastomotic leakage found at relaparotomy only selective drainage 
was performed, completion pancreatectomy was restricted to patients with anasto-
motic dehiscence and partial necrosis of the pancreatic remnant. From 1997 to 2004 
a more organ-sparing approach was followed with the intention to prevent ‘brittle 
diabetes’: disconnection of the pancreatic anastomosis with preservation of a small 
pancreatic remnant, shortening of the blind jejunal limb and closure of the pancre-
atic duct of the remnant.15 Due to poor results this technique has been discontinued 
after 2004.

Postpancreatectomy Hemorrhage
Our previously published criteria for DMH are a postoperative bleeding occurring 24 
hours after the index operation and a transfusion need of at least 4 packed cells within 
24 hours.27 The ISGPS definition of PPH includes all bleeding complications with 
division in mild and severe. Mild is defined as a decrease of hemoglobin concentration 
less than 3 g/dL without or with discrete clinical impairment (tachycardia, decrease 
of mean arterial blood pressure), requiring (minimal) transfusion (Table 2).14 Severe 
PPH comprises a serum hemoglobin decrease of ≥3 g/dL with clinical impairment 
and requiring invasive (non-) surgical treatment. Onset of PPH occurs either early 
(≤24 hours after end of index operation) or late (>24 hours).

Conservative treatment of PPH consisted of supportive therapy; nasogastric suc-
tion, antibiotics and blood products. For anastomotic bleeding sclerotherapy was 
performed using adrenaline 0.01% or ethoxysclerol 1%. Surgical interventions con-
sisted generally of exploration and ligation of the bleeding vessel, removal of the 
intra-abdominal hematoma and, if associated with PJ leakage, the anastomosis was 
dismantled. Recently embolization is increasingly used at time of angiography with 
visualization of the celiac trunk (including hepatic and splenic artery) and the supe-
rior mesenteric artery.44 Depending on the localization of the bleeding coil occlusion 
for side branches of arteries, or placement of a covered stent-graft (hepatic or splenic 
artery) is performed.
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Table 1 Selected criteria for POPF according to former definition and ISGPS definition by 
grade of severity.

Criteria
Former 

definition
ISGPS 

Grade A
ISGPS  

Grade B
ISGPS  

Grade C

Drain amylase >3 times 
serum 

amylase

>3 times upper 
normal serum 

amylase on, 
after POD 3

>3 times upper 
normal serum 

amylase on, 
after POD 3

>3 times upper 
normal serum 

amylase on, 
after POD 3

Persistent drainage (>3 wks) n/a No Usually yes Yes
Signs of infection Yes No Yes Yes
Readmission n/a No Yes/No Yes/No
Reoperation n/a No No Yes

Table 2 Selected criteria for PPH according to former definition and ISGPS definition by grade 
of severity.

Criteria
Former 

definition
ISGPS  

Grade A
ISGPS  

Grade B
ISGPS  

Grade C

Time of onset* Late Early Early or Late Late
Hemoglobin decrease* n/a <3 g/dl ≥3 g/dl (early) or 

<3 g/dl (late)
≥3 g/dl

Clinical condition n/a Well Intermediate Life-threatening
Blood transfusion (PC’s) ≥4 units† 2-3 units >3 units (early) or 

1-3 units (late)
>3 units

Embolization/relaparotomy n/a No Yes (early), No 
(late)

Yes

ICU admission n/a No Yes/No Yes
Prolongation of hospital stay n/a No Yes/No Yes

Table 3 Selected criteria for DGE according to former definition and ISGPS definition by grade 
of severity.

Criteria
Former 

definition
ISGPS  

Grade A
ISGPS  

Grade B
ISGPS  

Grade C

Nasogastric tube required ≥10th POD POD 4-7, 
reinsertion 

POD 3

POD 8-14, 
reinsertion 

POD 7

POD >14, 
reinsertion 

POD 14
Solid intake unable by POD 14 POD 7 POD 14 POD 21
Clinical condition n/a Well Well/minor 

discomfort
Ill

Co-morbidities‡ n/a No Yes/No Yes
Specific treatment§ n/a Yes/No Yes Yes
Diagnostic evaluation¶ n/a No Yes/No Yes
Prolongation of hospital stay n/a No Yes Yes

LEGEND TABLE 1-3
* Early onset defined as ≤24 hrs, late onset >24 hrs.
† administered within 24 hrs.
‡ postoperative pancreatic fistula, intra-abdominal abscess.
§ prokinetic drugs, potential reinsertion of nasgastric tube, partial/total parenteral nutrition.
¶ endoscopy, X-ray passage, CT scan.
n/a, not applicable; US, ultrasound; CT, computed tomography; POD, postoperative day; PC, packed 
cell; ICU, intensive care unit
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Delayed Gastric Emptying
The previously published criteria for registration of DGE in our institution are 
defined as gastric stasis requiring nasogastric suction for ≥10 days, or inability to tol-
erate a regular (solid) diet on or before postoperative day (POD) 14.45 The ISGPS defi-
nition states that DGE is present when the NGT remains in place for >3 days or has 
to be reinserted (for persistent nausea and/or vomiting) after POD 3, or when there 
is inability to tolerate a solid diet by POD 7.13 Higher grades correspond to increased 
duration of nasogastric drainage and inability to have a normal diet (Table 3). In the 
application of the grading system, patients were appointed to the highest grade for 
which one of the parameters was positive.

Besides a comparison of these two definitions, we performed a subanalysis to 
discern two classes of DGE; primary DGE, when not associated with intra-abdominal 
complications (POPF, PPH, biliary leakage, intra-abdominal abscess, relaparotomy 
any cause), and secondary DGE (associated with these complications).Treatment of 
DGE consisted generally of prolonged NGT placement or reinsertion, in combina-
tion with administration of prokinetics such as erythromycin or metoclopramide. 
Prolonged inadequate nutritional intake was an indication for starting supportive 
enteral nutrition via a postoperatively placed duodenal feeding catheter, initiated at 
the surgeon’s discretion, or ultimately by administration of total parenteral nutrition 
(TPN).

Analysis
The clinical and diagnostic parameters required for complication registration of 
POPF, PPH and DGE, according to our previously used system and according to the 
new ISGPS definitions are summarized in Table 1a-c. A complication meeting the 
ISGPS definition is categorized to a particular grade of severity when most but at 
least one parameter for that particular grade is positive. The clinical course and fol-
low-up 30 days after discharge were analyzed for all patients by two assessors (NAG, 
KH) individually, both from the information readily available in the prospectively 
maintained database, as well as by reviewing medical charts of each patient. Appli-
cation of former definitions as well as ISGPS definitions with subsequent grading 
was applied to every patient. Disagreements over registration or grading were solved 
by discussion. No pre-modifications were made to each of the ISGPS definitions or 
grades. SPSS statistical software, version 14.0 (SPSS Inc, Chicago, Ill, USA), was 
used for statistical analysis. A mean ± SD, or median with range if not normally dis-
tributed, described continuous parameters. Factors associated with ISGPS severity 
grades were compared using the χ2 statistic and Pearson correlation test. The Stu-
dent’s t-test, the Mann-Whitney U test, the χ2 statistic or the Fisher’s exact test, used 
where appropriate, analyzed the differences in the various parameters across grades. 
A P-value of <0.05 was considered statistically significant.
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Table 4 Characteristics of 626 patients who underwent PD.

Characteristic

Mean (SD) age (years) 63 (11)
Gender [no.(%)]

Male 352 (56)
Female 274 (44)

ASA classification
I, II 517 (83)
III 109 (17)

Surgical technique [no.(%)]
PPPD 566 (90)
Classic PD (distal gastrectomy) 60 (10)

Pathological diagnosis [no.(%)]
Adenocarcinoma 465 (74)
Cystic tumor 46 (7)
Chronic pancreatitis 60 (10)
Other 55 (9)

Median hospital stay (days) [range (10th-90th percentiles] 14 (9-33)
Overall hospital deaths [no.(%)] 12 (1.9)

ASA: American Society of Anesthesiologists
PD: pancreatoduodenectomy; PPPD: pylorus preserving PD

Figure 1  Prevalence of postoperative pancreatic fistula (POPF), postpancreatectomy 
hemorrhage (PPH) and delayed gastric emptying (DGE) when registering according to 
the former and the current ISGPS complication registration.
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RESULTS

Table 4 shows the patient characteristics of the entire cohort. Figure 1 shows that 
application of the ISGPS definitions resulted in a higher registration for every com-
plication compared to former definitions.

Prevalence of POPF
The overall prevalence of POPF according to the former definition was 13% (81 
patients), whereas the ISGPS definition identified 116 patients (18%). Patients with 
ISGPS grade B or C POPF were all registered by the former definition. Previously, 
ISGPS grade A fistulas were not registered as complication, exclusively due to the 
requisite ‘sign(s) of infection’ in the former definition and absence of it in the new 
definition. The higher median drain amylase in grade B (37657 IU/L) compared to 
grade C (20959 IU/L) might be explained by relaparotomy preventing further aug-
mentation of amylase level in the latter group, while grade B was treated with persis-
tent or percutaneous drainage only.

Grading of POPF and Outcome
Grade A, 30% (35/116) of all POPF cases, did not require any therapeutic interven-
tions for fistula management, whereas grade B, 29% (34/116) of POPF cases, was 
treated with administration of antibiotics or (continuous) drainage (Table 5). For 
grade C, 41% (47/116) of POPF cases, reoperation was performed in 68%. Four grade 
C patients suffered from pancreatic leakage before POD 3, as apparent during emer-
gency laparotomy, and strictly would not have been identified by the ISGPS defini-
tion. Higher grades were significantly associated with increased resource use (antibi-
otics, continued or additional drainage, reoperation, length of stay, and readmission) 
(P<0.001). The longer hospital stay for grade A compared to patients without POPF 
(median 13 days; IQR 10-17) was possibly due to a significantly higher incidence of 
concomitant hepaticojejunostomy leakage, intra-abdominal abscess formation and 
wound infection in patients with grade A fistula (data not shown).

Prevalence of PPH
Applying our former definition PPH occurred in 3% (19 patients), while according to 
the ISGPS definition this increased to 8% (51 patients). For the 51 patients meeting 
the ISGPS definition grades, based on time of onset and severity of bleeding, were: 
grade A 1% (7/626), grade B 4% (25/626), grade C 3% (19/626).

Grading of PPH and Outcome
Grade C PPH cases were equal to those identified by the former definition, whereas 
the sharper delineation of grade of severity, with allowed blood transfusion, and 
strict distinction by time of onset resulted in the additional registration of grade A 
and grade B (Table 6). Also for PPH higher grades correlated to increased resource 
use (transfusion need, invasive treatment and duration of stay). With respect to the 
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correlation between PPH and POPF analysis revealed that severity of PPH had a close 
relation with POPF; The majority of grade C PPH occurred in adjunction to preced-
ing POPF (Table 7). None of the grade A PPH patients suffered from POPF.

Table 5 Clinical outcomes related to POPF according to former definition and ISGPS definition 
and severity grade.

Former 
Definition

ISGPS 
Grade A

ISGPS 
Grade B

ISGPS 
Grade C P-value

Outcome N=81 N=35 N=34 N=47

Day of diagnosis, median POD 7 4 7 7 .025
Highest drain amylase, median 
IU/L

33601 2170 37657 20959 <0.001

Drain removal, median POD* 25 11 22 34 <0.001
Antibiotics, n (%) 68 (84) 0 21 (62) 47 (100) <0.001
Percutaneous drainage, n (%) 33 (41) 0 13 (38) 20 (43) <0.001
Reoperation, n (%) 32 (40) - - 32 (68) <0.001
Duration of stay, days, median (IQR) 30 15 (12-25) 22 (16-32) 36 (27-63) <0.001
Readmission, n (%) 19 (23) 0 13 (38) 6 (13) <0.001
In-hospital mortality, n (%)† 9 (11) 0 1 (3) 8 (17) <0.001

* based on high amylase in drain output on/after POD 3, or proven at laparotomy.
† any cause. POD, postoperative day; IQR, interquartile range.

Table 6 Clinical outcomes related to PPH according to former definition and ISGPS definition 
and severity grade.

Former 
Definition

ISGPS 
Grade A

ISGPS 
Grade B

ISGPS 
Grade C P-value

Outcome N=19 N=7 N=25 N=19

Early PPH, n (%)* n/a 7 (100) 12 (48) 0 <0.001
Late PPH, n (%)† n/a 0 13 (52) 19 (100) <0.001
Mild PPH, n (%)‡ n/a 7 (100) 13 (52) 0 <0.001
Severe PPH, n (%)§ n/a 0 12 (48) 19 (100) <0.001
Transfusion need, PCs, median 
(IQR)

9 (6-16) 2 (2-3) 3 (2-8) 9 (6-17) <0.001

Embolization, n (%) 8 (42) 0 2 (8) 8 (42) <0.001
Reoperation, n (%) 9 (47) 0 8 (32) 9 (47) <0.001
Duration of stay, days, median (IQR) 32 13 (10-22) 22 (16-32) 32 (19-41) <0.001
In-hospital mortality, n (%)¶ 5 (26) 0 1 (4) 5 (26) <0.001

* within 24hrs.
† after 24hrs.
‡ mild = decrease in hemoglobin concentration <3 g/dl, need of volume resuscitation/blood 

transfusion 2-3 units (early) or 1-3 (late).
§ severe = decrease in hemoglobin concentration ≥3 g/dl, need for >3 units.
¶ any cause. POD, postoperative day; IQR, interquartile range; PC, packed cell; n/a, not applicable.
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Prevalence of Delayed Gastric Emptying
Application of our former definition diagnosed 162 patients (26%) with DGE. Accord-
ing to the ISGPS definition 430 patients (69%) had DGE: grade A 239 patients (38%), 
grade B 97 patients (16%), and grade C 94 patients (15%). Primary DGE, i.e. DGE in 
absence of other abdominal complications, occurred in 273 (44%) patients, second-
ary DGE in 157 (25%) patients.

Grading of DGE and Outcome
Grade A DGE, 56% (239/430) of DGE cases, occurred for 34 patients (14%) in associa-
tion with POPF, 22 patients (9%) had an intra-abdominal abscess (Table 8). Grade B 
DGE, 23% (97/430) of DGE cases, occurred for 26 patients (27%) in association with 
POPF and for 13 patients (13%) with an intra-abdominal abscess, whereas for grade 
C DGE, 22% (94/430) of DGE cases, figures were 42 patients (45%) and 32 patients 
(34%) respectively. Higher DGE grades all were correlated with increased use of sup-
portive treatment and increased hospital stay.

Table 7 Sequential relation between the presence of Postoperative Pancreatectomy 
Hemorrhage (PPH) and the occurrence of Postoperative Pancreatic Fistula (POPF), 
graded by severity of PPH according to ISGPS criteria.

Total PPH
PPH  

Grade A
ISGPS 

Grade B
ISGPS 

Grade C P-value
Timing POPF N=51 N=7 N=25 N=19

POPF after PPH, n (%) 10 (20) 0 4 (16) 6 (31) <0.001
POPF before PPH, n (%) 11 (21) 0 1 (4) 10 (53) <0.001
No POPF 30 (59) 7 (100) 20 (80) 3 (16) <0.001

Table 8 Clinical outcomes related to DGE according to former definition and ISGPS definition 
and severity grade.

Former 
Definition

ISGPS 
Grade A

ISGPS 
Grade B

ISGPS 
Grade C P-value

Outcome N=162 N=239 N=97 N=94

Co-morbidities
POPF, n (%) 59 (36) 34 (14) 26 (27) 42 (45) <0.001
Intra-abdominal abscess, n (%) 42 (26) 22 (9) 13 (13) 32 (34) <0.001

Diagnostic X-ray passage 26 (16) 0 3 (3) 25 (27) <0.001
Supportive treatment*

Enteral nutrition via NGT, n (%) 83 (51) 35 (15) 45 (46) 49 (52) <0.001
Parenteral nutrition, n (%) 43 (27) 15 (6) 19 (20) 27 (29) <0.001
Prokinetic drugs, n (%) 68 (42) 31 (13) 29 (30) 48 (51) <0.001

Duration of stay, days, median (IQR) 32 13 (11-16) 20 (16-25) 33 (26-44) <0.001

* nutritional support not specifically for DGE 
POPF, postoperative pancreatic fistula; NGT, nasogastric tube
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DISCUSSION

The present study demonstrates that application of ISGPS definitions for POPF, PPH 
and DGE following PD resulted in a higher incidence of these complications in the 
same cohort, compared to formerly used definitions. This is mainly due to identifi-
cation of not clinically significant grade A. Discerning severity of complications in 
grade B and C provides a better understanding of impact and consequences. Trans-
parency in evaluating outcome between centers is to be expected with wide-spread 
use of the new definitions, however, necessary adaptations and extensive validation 
should precede implementation.

POPF is the most feared complication following PD with a central role in the 
discussion around proper definition and grading. The aim of our study was com-
plication registration, we did not focus on risk factors for development of pancreatic 
fistulas. To define POPF biochemically on or after POD 3 has limitations and the 
initiators of the ISGPS definition for POPF have already stated that the current defi-
nition should undergo revision based on a recent study, demonstrating the predictive 
value of height of drain amylase on POD 1.46 Patients with POD 1 drain amylase levels 
>5000 U/L are prone for leakage and might benefit from an anticipated treatment of 
prolonged fasting and postponed drain removal. This would imply a deviated clini-
cal course from normal and should be scored at least as grade A. Strasberg et al have 
pointed out that registration of POPF depends on the frequency of drain amylase 
measurement and it is very likely that patients without postoperative drain place-
ment might suffer from small volume transient leakage (grade A), but can never be 
identified on that basis.47 On the other hand, we in our series had 4 patients that had 
proven pancreatic leakage at emergency laparotomy on POD 1 and 2, and, therefore, 
lack the requirement of a drain amylase of three times upper normal serum value 
on POD 3. We would suggest to add leakage that is directly proven by imaging or 
relaparotomy to the definition.

The diversity in underlying pathophysiologic mechanisms renders PPH a diffi-
cult complication to assess. The distinction between ‘early’ (within 24 hours after 
the index surgery) and ‘late’ is probably most commonly used, since this provides an 
insight in cause and prognosis. We found that late, severe PPH (grade C) developed 
for the majority in close association with POPF and had the worse clinical outcome. 
This is in accordance with a recent large study evaluating PPH in pancreatic surgery 
after various procedures.26 Remarkably, the authors of this study claimed to use the 
ISGPS definition, but modified the interval for early PPH from 24 hours postopera-
tively to five days, again making ultimate comparison complicated.

Another problem arises when grading of complications are linked to outcome 
measures (duration of hospital stay or specific therapeutic measures), since this 
requires a direct cause-effect relationship. Frequently multiple complications occur 
in the same patient, mostly as a sequel of events after an ‘index’ complication. When-
ever possible a clear distinction has to be made whether a patient suffers from more 
complications than the one of interest, with determination whether therapeutic con-
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sequences and final outcome are directly related to this specific complication. Espe-
cially DGE, which is defined by duration of nasogastric intubation and/or first day of 
solid food intake, suffers from the association with other complications. A severely 
ill patient with grade C POPF undergoing a relaparotomy will inevitably have either a 
prolonged nasogastric intubation or NGT reinsertion with a delayed first day of solid 
intake. Theoretically the stomach emptying rate might be normal, but the patient 
will still be classified as having DGE when the definition is strictly applied. A distinc-
tion between primary DGE, i.e. no other intra-abdominal complications, and second-
ary DGE is necessary.

Furthermore, a drawback of using criteria derived from the clinical condition of 
the patient lies in its subjectivity and local treatment policies, as has been brought 
up by others.48 First, qualification of a postoperative course as ‘normal’ depends on 
the surgeon’s intuition and his experience, for which objective criteria are lacking.49 
This observation has rendered Clavien et al. in their classification system to redefine 
a complication from ‘any deviation from the normal postoperative course’ to ‘ideal 
postoperative course’.50 This is less subject to subjective interpretation and might 
be regarded as a point of revision in the ISGPS classification scheme. Second, from 
our own experience application of ISGPS definition for DGE resulted in a dramatic 
overall increase of DGE prevalence, but this appeared to be mostly due to a policy 
in earlier days of late removal of the NGT (once bowel movement had returned), 
then considered normal. This underlines that, rather than a therapeutic consequence 
defining a complication, an objective criterion such as a laboratory or imaging study 
should diagnose a complication.48 Furthermore, the definition of ‘solid oral intake’ is 
prone to subjective interpretation. Even in the ISGPS definition proposal, terms like 
‘tolerance of solid oral intake’ and ‘unlimited oral intake’ are alternately used.13;33 We 
believe that these terms have different meanings and that unlimited oral intake is 
usually not to be expected within the first two months after PD. Other drawbacks of 
this definition are the fact that nasogastric production is not taken into account and 
that there are no strict criteria for removal of the NGT.

The registration of a complication without clear clinical impact (ISGPS grade A) 
is subject of debate. Following the definition of the National Surgical Complication 
Registry in The Netherlands “A complication is an unintended and undesirable event 
or condition following medical treatment, that is harmful for the patient and neces-
sitates adjustment of medical treatment, or that leads to permanent harm” recogni-
tion of grade A could be considered superfluous. However, the further a definition 
is specified, the more restrictive it will be and as such prohibit insight and tools for 
quality improvement.51 In effect the registration of grade A is a consequence of the 
broad definition of the different complications. The present study clearly shows that 
application of the broad ISPGS definitions will lead to a higher percentage of compli-
cations, for which the grading system provides a means of appreciating the severity 
of each complication. In a recent paper from Massachusetts General Hospital the 
authors have also recognized that not all POPF have the same clinical impact and a 
distinction should be made in low and high (clinical) impact fistulas.52
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Although it is relatively simple to discern grade A from significant complications, 
we found the distinction between grade B and C sometimes difficult to accomplish. 
In general grade B requires minimal invasive treatment and C invasive treatment, 
but in our series 8 patients with grade B PPH underwent relaparotomy. It is hard 
to consider this a minimal invasive treatment of a complication, nevertheless, the 
current ISPGS definition of PPH allows both for grade B and C embolization and 
surgery as required treatment. Whereas in former days we held a low threshold for 
relaparotomy for PPH, we are now highly in favor of embolization and/or stenting by 
the intervention radiologist as a first-line treatment, which at the least can be consid-
ered less invasive than surgery.44 This underlines the fact that appointing a certain 
grade of severity to a complication in a registration system based upon employed 
therapeutic measures, requires standardized treatment protocols for ultimate objec-
tivity and appreciation of results. Local policies dictating specific treatment might 
influence classification and this should be a factor to be dealt with in a revised ver-
sion of the classification scheme.

DeOliveira and coworkers have proposed a classification scheme of complications 
following pancreatic surgery, with seven categories in five grades, based on a revised, 
previously reported grading system.12;53 They found their grading system to be effec-
tive in analyzing incidence and severity of complications, by directly correlating initi-
ated therapy to the specific complication. General definitions of therapeutic based 
grades allow application of the same system to different complications and appreciate 
the impact of severity of the different complications, not in the last place from the 
patient’s perspective. As mentioned this requires standardized treatment protocols 
if one is interested in comparison of outcome between centers. An advantage of the 
ISGPS classification over the classification scheme of DeOliveira et al. is the under-
standing, next to required treatment, of specific characteristics of a single complica-
tion and its grade, e.g. length of duration of NGT placement for DGE and amount 
and onset of PPH.

The initiative to create transparency in outcome by defining universal definitions 
of complications is sorely needed considering the wide variety of complication rates 
reported in literature, and the impossibility to draw conclusive comparisons between 
institutions. A prerequisite for such comparison is a wide no-compromise accepta-
tion of the new ISGPS definitions. Pre-modifications should be avoided, since this 
would only recreate the same problem. Nevertheless the modifications are under-
standable, while also the results of the present study show evident limitations and 
inconsistencies of the current definitions. Validation and necessary fine-tuning of 
the definitions should precede ultimate implementation.
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ABSTRACT

Background
Resection is the only life-prolonging option for pancreatic or periampullary cancer. 
Cell-mediated immunity might reduce progression of metastasis or local recurrence 
likelihood, but surgery associated morbidity can suppress this immunity. The aim of 
this study was to examine the influence of complications on cancer specific survival 
after pancreatoduodenectomy (PD) for pancreatic and periampullary cancer.

Method
517 consecutive patients who underwent PD for pancreatic or periampullary adeno-
carcinoma were analyzed.

Results
After median follow-up of 24 (14-44) months, 377 (73%) patients had died from pro-
gressive disease, 140 (27%) were alive. Median survival for pancreatic adenocarci-
noma was 22 (18-25) months following an uncomplicated postoperative course versus 
16 (13-19) months for patients with major surgical complications (P=0.021). Multi-
variable Cox regression analysis demonstrated that microscopically residual disease 
(R1), complications, and adjuvant therapy were independent factors for recurrence. 
Within the R1 group, survival for patients with complications was even more limited, 
9.7 (8.3-11.0) versus 18.7 (15.0-22.5) for those without (P<0.001). For patients with R1 
resection complications was the only independent predictor for a shorter time inter-
val to death (hazard ratio 1.96; 95% CI 1.16-3.30). Complications did not influence 
survival of patients with periampullary adenocarcinoma.

Conclusion
Complications after resection are independently related to an impaired survival fol-
lowing PD for pancreatic, but not periampullary cancer. The effect is even more dra-
matic in patients who had an R1 resection. Although the relation is not causal per se, 
the findings support the hypothesis of a complication-induced, compromised immu-
nity rendering patients more susceptible for recurrent disease.
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INTRODUCTION

Pancreatic cancer currently is the 4th cancer type for death in western countries with 
an incidence of 10-15 per 100.000 per year.1 Radical resection of a tumor in the pan-
creatic head by (pylorus preserving) pancreatoduodenectomy (PD) is the only option 
that leads to long-term survival. Over the last decades centralization of pancreatic 
surgery, improvements in perioperative care, advances in surgical techniques and 
the rise of interventional radiology to treat complications have resulted in hospital 
mortality figures well below 5%.2-5 However, PD associated morbidity remains con-
siderable with rates around 40-50%, depending on definitions of complications and 
the system of registration applied.2;6-8

Comprehensive selection for surgery, by assessment of distant metastasis and 
local vascular involvement using validated criteria, precludes a potentially curative 
resection to be carried out in over 80% of patients at first presentation.9-11 Although 
accurately staged, most patients, who proceed to undergo resection of pancreatic 
ductal adenocarcinoma with curative intent, develop recurrent disease within 2 
years. Studies with complete follow-up report 5-year actual survival rates after resec-
tion of only 8 to 10%.12-14 Periampullary carcinoma (distal common bile duct, ampul-
lary adenocarcinoma, duodenal adenocarcinoma) are associated with more favorable 
survival rates, presumably due to less aggressive biological behavior of the tumor.15-17

A potent immune response is suggested to eradicate minimal residual disease 
after macroscopically radical surgery, and the induction of strong immune response 
might lead to the establishment of immune memory, thereby preventing tumor 
recurrence.18 Contrarily, emerging evidence shows that cancer surgery adversely 
affects the resurgence of microscopic residual disease due to intraoperatively tumor 
cell dissemination, creation of a permissive environment for tumor growth (e.g. 
decreased NK cell activity), and direct alteration of neoplastic properties leading to 
accelerated tumor growth.19;20 Studies in esophageal and colorectal cancer confirm 
that postoperative complications with subsequent perioperative suppression of cell 
mediated immunity have a negative prognostic impact on recurrence, thus resulting 
in reduced long-term cancer specific survival.21;22

As far as we know no studies have primarily investigated whether the occurrence 
of perioperative complications after laparotomy with secondary disturbance of the 
immune system, promote early recurrence of pancreatic or periampullary adenocar-
cinoma23Therefore, the aim of the present study was to quantify the predictors asso-
ciated with cancer specific survival in patients who underwent potentially curative 
resection of histological proven pancreatic or periampullary cancer, and to determine 
the prognostic implications of perioperative complications on survival.
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mETHODS

Between January 1994 and January 2010 a consecutive series of 801 patients under-
went PD, or the pylorus preserving modification (PPPD), for a suspected malignancy 
in the pancreatic head at the Academic Medical Center. For the present study we 
selected from this cohort all patients with a histological proven pancreatic adenocar-
cinoma or periampullary tumor. Operations were performed with curative intent, 
i.e. in the absence of extensive local invasion and/or distant metastases. During this 
period administration of neoadjuvant chemoradiation therapy was not performed 
routinely. Postoperative chemo- or radiation therapy was not part of the treatment 
strategy up to 2007, but was administered only to a few patients who participated in 
an ongoing EORTC trial.24 For eligible pancreatic adenocarcinoma patients adjuvant 
therapy was regularly offered from 2007 onward.

In short, the standard surgical procedure consisted of a pylorus preserving PD, 
as previously described, with concomitant dissection of the regional lymph nodes at 
the anterior and posterior face of the head, around the common and proper hepatic 
artery, in the hepatoduodenal ligament and lymph nodes to the right of the supe-
rior mesenteric vein.11;25;26 In case of suspicion on tumor ingrowth in the proximal 
duodenum a classical Whipple procedure was performed. In case intraoperatively 
(minimal) tumor ingrowth of the portal or superior mesenteric vein was found, a 
segmental or wedge resection could be part of the procedure.27;28 Reconstruction con-
sisted of a retrocolic jejunal loop with end-to-side pancreaticojejunostomy, hepatico-
jejunostomy and retro- but more recently ante-colic gastro- or duodenojejunostomy. 
Pancreaticogastrostomy was not performed. Drain management consisted of leaving 
a subhepatic silicone drain extending to the pancreatic anastomosis, of which the 
output in the postoperative course was measured daily. At the start of surgery antibi-
otics were administered for 24 hours as prophylaxis.

Pathological findings were described in a standardized format. The TNM-stage, 
differentiation grade, the presence of microscopically residual disease, total number 
of resected lymph nodes and total number of positive lymph nodes were recorded. 
The presence of perineural invasion was inconsistently reported. As part of another 
on-going study pathological specimen of patients surviving more than five years after 
resection were reassessed. The pTNM staging system (Union Internationale Contre 
le Cancer [UICC], 7th edition, 2009) was used to classify patients according to patho-
logical findings.29 Tumor positive para-aortal nodes (group 16), nodes at the celiac 
trunk or at the mesenteric root were considered as distant metastasis (pM1) Lymph 
nodes surrounding the anterior and posterior face of the head were considered to 
be regional lymph nodes. The lymph node ratio was defined as the ratio between 
the number of positive lymph nodes divided by the total number of resected nodes. 
Following recent observations we choose to meticulously report resection margin 
status: R0 resection was defined as microscopically complete removal operation with 
radical margin of more than 1 mm, R1a indicated up to 1 mm clearance, and R1b had 
tumor cells present at the surface (clearance 0 mm) 30
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Defining Complications
Definitions of surgery-related technical complications have been used in previ-
ous studies evaluating the management of complications on the basis of generally 
accepted criteria.2;31;32 Postpancreatectomy hemorrhage (PPH), postoperative pancre-
atic fistula (POPF), and delayed gastric emptying (DGE) were defined and catego-
rized according to international consensus definitions.33-35 For the present study the 
clinically relevant PPH, POPF and DGE grade B and C stages were assessed in rela-
tion to survival.

Medical complications included cardiac complications (cardiac arrhythmia, 
cardiac failure, myocardial ischemia), pulmonary complications (pneumonia, pul-
monary embolism, respiratory failure), renal failure, urinary tract infection, and a 
miscellaneous category with infrequent adverse events (e.g. delirium, clostridium 
infection, hypoglycemic coma catheter-related infection, incisional hernia. Hospital 
mortality comprised death within 30 days following surgery or death during index 
hospital admission

Follow-Up
Patient follow-up took place according to a standardized scheme at regular intervals 
for up to 5 years after discharge, depending on the surgeon’s discretion. Follow-up 
extended to September 2011, ensuring a minimal potential follow-up of 20 months. 
Follow-up was complete in all patients. Survival data were collected through contact-
ing hospitals, general physicians and registry databases. Overall survival rates were 
calculated from the date of operation until death, or until the time of the last visit 
to the outpatient clinic or the last visit to the general practitioner. Cancer-specific 
survival was defined as time until death due to recurrent disease Patients who were 
identified as having died of recurrent disease, all had progressive loco-regional recur-
rence or distant metastases at the time of death. Radiological imaging during follow-
up was not routinely performed, while recurrence of disease was suspected on clini-
cal grounds. When recurrence was suspected, additional evaluation by CT-scan was 
performed and, when indicated, palliative treatment was offered.

Statistical Analysis
The primary outcome measure of the analysis was CSS. For homogeneity of the study 
population patients who died due to postoperative complications and patients who 
died due to unrelated causes were excluded for the principle analysis. Survival rates 
were calculated with the Kaplan-Meier method. Uni- and multivariable Cox regres-
sion models, employing backward elimination of variables from univariable analy-
sis with threshold of P<0.1, were used to examine the association between potential 
predictors and the time until death. For biological plausibility separate models were 
constructed for the different histological tumor entities.

The following potential predictors were analyzed: age, sex, American Society of 
Anesthesiologists classification, pT-stage, pN-stage, presence of perineural invasion, 
lymph node ratio, tumor differentiation grade, resection margin status, and the pres-
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ence of (major) surgical or medical complications. The Cox proportional-hazards 
regression model was used for both uni-and multivariable analyses. We constructed 
models to determine in all patients prognosticators for death due to recurrence, and 
models with exclusion of patients alive at latest follow-up to determine prognostic 
value of variables on time interval to death.

Statistical analysis was performed with the use of SPSS statistical software ver-
sion 17.0 (SPSS Inc, Chicago, Ill, USA). A P-value of <0.05 was considered statistically 
significant.

RESULTS

Of the series of 801 operated patients 517 could be included for the present study 
after we applied our inclusion criteria. Reasons for exclusion were: 226 patients with 
pathology different than pancreatic adenocarcinoma or periampullary adenocarci-
noma (e.g. neuroendocrine tumors, cystic tumors, benign pathology), 12 patients 
died in hospital from complications, and 46 patients who died during follow-up from 
different causes than recurrent or progressive disease.

Table 1 Clinicopathologic characteristics of 517 patients with histology-proven pancreatic or 
periampullary cancer.*

Characteristic

Patient variables
Age – yr 64 ±9.7
Females – no. (%) 221 (43)
Body-mass index† 24 ±3.8
ASA classification – no. (%)

1 114 (22)
2 320 (62)
3 or higher 83 (16)

Treatment variables
Type of surgical treatment– no. (%)

PD (classical Whipple) 44 (9)
Pylorus-preserving PD 473 (91)

Complications– no. (%)
Major surgery related‡ 125 (24)
Medical 127 (25)
Any§ 286 (55)

Hospital stay – median days (IQR) 14 (10-19)
Pathological variables

Tumor type – no. (%)
Pancreatic adenocarcinoma 236 (46)
Ampullary adenocarcinoma 166 (32)
CBD adenocarcinoma 99 (19)
Duodenal adenocarcinoma 16 (3)
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pT-stage – no. (%)
T1 84 (16)
T2 159 (31)
T3 224 (43)
T4 50 (10)

pN-stage – no. (%)
N0 213 (41)
N1 304 (59)

Lymph node ratio – median (IQR)¶ 0.13 (0-0.33)
Tumor diameter in cm – median (IQR) 2.5 (1.8-3.2)
Differentiation grade – no. (%)

Good 32 (6)
Moderate 271 (53)
Poor 214 (41)

Perineural invasion
Present 209 (40)
Not present 153 (30)
Not reported 155 (30)

Resection Margin Status – no. (%)
Clearance >1 mm (R0) 321 (62)
Clearance 0-1 mm (R1a) 49 (10)
Clearance 0 mm (R1b) 147 (28)

Follow-up
Received adjuvant therapy – no. (%) 84 (16)
Died due to recurrent disease – no. (%) 377 (73)
Alive at latest follow-up – no. (%) 140 (27)

* Plus-minus values are means ±SD unless otherwise noted. IQR, interquartile range; ASA, American 
Society of Anaesthesiologists; CBD, common distal bile duct.

† Body-mass index is the weight in kilograms divided by the square of the height in meters.
‡ Core surgical complication model, comprises grade B/C POPF or PPH, hepaticojejunostomy, 

leakage, gastro-/duodenojejunostomy leakage, intra-abdominal abscess formation/infected fluid 
collection, and any cause (emergency) relaparotomy.

§ Number of patients with one or more surgical complications, which comprise major surgical 
complications, grade B/C delayed gastric emptying, wound infection, chylous ascites, cholangitis, 
miscellaneous surgical complications, or any medical complication.

¶ Ratio between number of positive lymph nodes divided by total number of resected nodes.

Patient Characteristics
Table 1 displays clinical-pathologic characteristics of the study cohort. The pylorus-
preserving PD was the most frequently performed operation, pancreatic adenocarci-
noma was the most prevalent histological tumor type. A radical resection implicat-
ing a tumor free margin of ≥ 1mm was achieved in 62% of patients. After a median 
follow-up of 24 (interquartile range [IQR] 14-44) months 377 (73%) patients had died 
from recurrent or progressive disease, 140 (27%) were still alive. Median follow-up 
for alive patients was 60 (IQR 29-96) months. Cancer specific survival for patients 
who underwent resection of pancreatic adenocarcinoma was median 21 (IQR 18-24) 
months, for distal common bile duct adenocarcinoma 26 (IQR 19-34) months, for 
ampullary adenocarcinoma 47 (IQR 36-59) months, and for duodenal adenocarci-
noma median survival time was not reached during the observed follow-up period.
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Risk Factors for Death Due to Cancer Recurrence
In univariable analysis, tumor pathology (i.e. distal common bile duct adenocarci-
noma, pancreatic adenocarcinoma), depth of invasion (pT-stage), the presence of 
lymphatic dissemination, lymph node ratio, tumor differentiation grade, resection 
margin status, and perineural invasion were significantly associated with cancer spe-
cific survival for the entire cohort (Table 2). In this analysis age, gender, ASA-clas-
sification, tumor diameter, the administration of adjuvant therapy and the presence 
of postoperative major surgical or medical complications did not reach the threshold 
for significance.

Subsequent analyses address pathological tumor entities separately. Within spe-
cific tumor entities cancer specific survival from pancreatic adenocarcinoma was 
median 22 (IQR 18-25) months following an uncomplicated course versus 16 (IQR 
13-19) for patients with major surgical complications (log rank test: P 0.021). For duo-
denal adenocarcinoma the difference was moderately significant (log rank test: P 
0.096), while for ampullary and distal common bile duct adenocarcinoma no signifi-
cant difference was observed (data not shown).

For duodenal adenocarcinoma the small case number and subsequent low event 
rate for complications precluded further extensive analyses. Supplying Information 
Table 1 shows the influence of specific (combined) complications on cancer specific 
survival for pancreatic adenocarcinoma, ampullary and distal common bile duct ade-
nocarcinoma from univariable Cox regression analysis. The presence of major sur-
gical complications (P=0.022) and especially PPH grade B or C (P=0.007), was for 
pancreatic adenocarcinoma significantly related to survival, while for distal common 
bile duct adenocarcinoma no specific complication had prognostic value. For pan-
creatic adenocarcinoma also the single predictors urinary tract infection (P=0.043) 
and relaparotomy for any cause (P=0.058), albeit moderately, were related to can-
cer specific survival. For ampullary adenocarcinoma complications with prognostic 
value comprised intra-abdominal abscess formation (P=0.020) and pulmonary com-
plications different than pneumonia (i.e. respiratory failure, pulmonary embolism 
etc.) (P=0.015). The combined outcome measures total surgical, total medical, or any 
complications did not reach significance for any of the tumor entities.

Multivariable Cox regression analysis demonstrated that for pancreatic adenocar-
cinoma a resection margin with clearance of 0 mm (P<0.001) and the presence of 
major surgical complications (P=0.031) were independent factors for development 
of cancer recurrence, while administration of adjuvant therapy (P<0.001) was an 
independent protective factor (Table 3). For ampullary adenocarcinoma the pres-
ence of lymph node metastasis (P<0.001) and a resection margin with clearance of 
0 mm (P=0.006) were significant factors. Lymph node ratio (P=0.003), moderate 
(P=0.040) to poor (P=0.007) tumor differentiation grade, and also a resection mar-
gin with clearance of 0 mm (P=0.018) were significant factors for distal common 
bile duct adenocarcinoma. For the latter two tumor entities complications did not 
influence the development of cancer recurrence. The single prognostic factor for can-
cer specific survival following resection of duodenal adenocarcinoma was the lymph 
node ratio (P=0.037).
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Table 2 Univariable Cox Regression analysis for cancer specific survival after 
pancreatoduodenectomy for pancreatic or periampullary adenocarcinoma. Results 
are given as hazard ratios (HR) and their 95% confidence interval (CI).

Characteristic HR (95% CI) P

Age, one year increment 1.01 (1.00-1.02) 0.191
Female gender 1.13 (0.92-1.39) 0.242
ASA classification (compared to ASA 1)

2 1.01 (0.78-1.30) 0.953
3 or higher 1.24 (0.90-1.72) 0.191

Tumor histology (compared to duodenal adenoca.)
Ampullary adenocarcinoma 1.87 (0.76-4.60) 0.172
Distal common bile duct adenocarcinoma 3.84 (1.55-9.50) 0.004
Pancreatic adenocarcinoma 5.32 (2.19-13.0) <0.001

pT-stage (compared with pT1)
pT2 1.70 (1.23-2.35) 0.001
pT3 1.55 (1.13-2.13) 0.006
pT4 2.48 (1.65-3.72) <0.001

Tumor diameter, one centimeter increment 1.00 (0.94-1.07) 0.974
Presence of lymph node metastasis (pN1) 2.52 (2.02-3.14) <0.001
Lymph node ratio 4.70 (3.30-6.66) <0.001
Differentiation grade (compared to good)

Moderate 1.83 (1.08-3.09) 0.025
Poor 2.71 (1.60-4.59) <0.001

Resection margin status (compared to R0)
Clearance 0-1 mm (R1a) 1.87 (1.33-2.63) <0.001
Clearance 0 mm (R1b) 2.88 (2.30-3.61) <0.001

Perineural invasion 1.72 (1.35-2.20) <0.001
Adjuvant chemo- and/or radiation therapy 0.89 (0.64-1.16) 0.316
Major surgical complications 0.94 (0.74-1.20) 0.602
Medical complications 1.09 (0.87-1.38) 0.463
Any complication 0.86 (0.70-1.05) 0.143

Statistically significant results shown in bold.
ASA indicates The American Society of Anesthesiologists.

Complications and Cancer Recurrence after Resection with Residual Disease
Following the hypothesis of augmented susceptibility for cancer recurrence in 
patients microscopic residual disease, potentially immunocompromized after devel-
opment of postoperative complications, a subsequent analysis was performed in those 
who had a resection margin status with clearance < 1 mm (R1a, R1b). Clearance of 
< 1 mm was present in 3 (19%) of 18 patients with duodenal adenocarcinoma, 21 (13%) 
of 166 with ampullary, 41 (41%) of 99 distal common bile duct, and 131 (56%) of 236 
patients with pancreatic adenocarcinoma ( P<0.001). Within the group of patients 
with clearance < 1 mm only for pancreatic adenocarcinoma cancer specific survival 
for patients with major surgical complications was significantly different from those 
without complications, 9.7 (IQR 8.3-11.0) versus 18.7 (IQR 15.0-22.5) months respec-
tively (log rank test: P<0.001).
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Table 3 Multivariable Cox regression analysis for prognostic variables for cancer specific 
survival following resection of pancreatic, ampullary or distal common bile duct 
adenocarcinoma. Results are given as hazard ratios (HR) and their 95% confidence 
interval (CI).

 
Pancreatic

Adenocarcinoma
Ampullary

Adenocarcinoma
Distal common bile 

duct adenocarcinoma

Characteristic HR (95% CI) P HR (95% CI) P HR (95% CI) P

Age, one year increment Not in model Not in model Not in model
Female gender Not in model Not in model Not in model
ASA classification 
(compared to ASA 1)

2 Not in model Not in model Not in model
3 or higher Not in model Not in model Not in model

pT-stage (compared with 
pT1)

pT2 Not in model Not in model Not in model
pT3 Not in model Not in model Not in model
pT4 Not in model Not in model Not in model

Tumor diameter Not in model Not in model Not in model
Presence of lymph node 
metastasis (pN1)

Not in model 3.13 (2.03-4.84) <0.001 Not in model

Lymph node ratio Not in model Not in model 5.26 (1.79-15.5) 0.003
Differentiation grade 
(compared to good)

Moderate Not in model Not in model 3.52 (1.06-11.7) 0.040
Poor Not in model Not in model 5.11 (1.56-16.8) 0.007

Resection margin status 
(compared to R0)

Clearance 0-1 mm (R1a) 1.23 (0.78-1.88) 0.351 1.77 (0.24-13.0) 0.576 2.08 (0.96-4.52) 0.064
Clearance 0 mm (R1b) 1.77 (1.29-2.42) <0.001 2.12 (1.24-3.63) 0.006 2.10 (1.14-3.89) 0.018

Perineural invasion Not in model Not in model Not in model
Major surgical 
complications

1.51 (1.04-2.20) 0.031 Not in model Not in model

Adjuvant chemo- and/or 
radiation therapy

0.48 (0.34-0.68) <0.001 Not in model Not applicable

Statistically significant results shown in bold.
ASA indicates The American Society of Anesthesiologists.

Table 4 displays uni- and multivariable Cox regression analysis for patients who 
underwent resection of pancreatic adenocarcinoma with tumor-free margin of 
<  1  mm. Univariable analysis showed that development of major surgical compli-
cations (P<0.001) and adjuvant therapy (P<0.001) was significantly associated with 
cancer specific survival, while poor tumor differentiation grade (P=0.054) was mod-
erately associated. Multivariable demonstrated that major surgical complications 
(P=0.007) and adjuvant therapy (P<0.001) were the only independent predictors, and 
had greater impact than any of the pathological variables.
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To determine the influence of complications on time interval to death we excluded 
alive patients at latest follow-up. In patients who had not undergone a radical resec-
tion of pancreatic adenocarcinoma major postoperative surgical complications was 
the only independent predictor for a shorter time interval to death due to cancer 
recurrence (HR 1.96; 95% CI 1.16-3.30; P=0.011).

Table 4 Uni- and multivariable Cox Regression Analysis for cancer specific survival following 
resection of pancreatic cancer in 131 patients with tumor-free resection margin of 
<1mm.

  Univariable Analysis multivariable Analysis

Characteristic HR (95% CI) P HR (95% CI) P

Age, one year increment 1.00 (0.99-1.02) 0.682 Not in model
Female gender 1.11 (0.77-1.60) 0.581 Not in model
ASA classification (compared to ASA 1)

2 0.98 (0.62-1.54) 0.919 Not in model
3 or higher 1.31 (0.72-2.36) 0.378 Not in model

pT-stage (compared with pT1)
pT2 1.40 (0.73-2.69) 0.315 Not in model
pT3 0.78 (0.42-1.43) 0.420 Not in model
pT4 1.73 (0.82-3.62) 0.150 Not in model

Tumor diameter 1.07 (0.90-1.28) 0.454 Not in model
Presence of lymph node metastasis (pN1) 1.01 (0.66-1.55) 0.968 Not in model
Lymph node ratio 1.53 (0.76-3.06) 0.233 Not in model
Differentiation grade (compared to good)

Moderate 1.17 (0.47-2.91) 0.741 Not in model
Poor 2.48 (0.98-6.23) 0.054 Not in model

Perineural invasion 0.87 (0.43-1.76) 0.700 Not in model
Major surgical complications 2.62 (1.58-4.39) <0.001 2.06 (1.22-3.46) 0.007
Adjuvant chemo- and/or radiation therapy 0.38 (0.24-0.61) <0.001 0.42 (0.26-0.68) <0.001

Statistically significant results shown in bold.

ASA indicates The American Society of Anesthesiologists.

DISCUSSION

The hypothesis that development of major surgical complications results in a (tem-
porarily) impaired cellular immunity, rendering patients susceptible to early cancer 
recurrence and reduced survival, is gaining support. In the present study we demon-
strate that development of major surgical complications is an independent, negative 
predictor for recurrent or progressive disease following PD for pancreatic adenocar-
cinoma. The negative impact on survival is even more prominent in patients with 
microscopically residual disease (resection margin clearance < 1 mm). Furthermore, 
the occurrence of major surgical complications was the only independent factor to 
determine a shorter time interval to death due to cancer recurrence for patients with 
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microscopically residual pancreatic adenocarcinoma. Complications did not influ-
ence cancer specific survival or time interval to death for patients who underwent 
resection of periampullary adenocarcinoma.

A reduced survival after a complicated hospital course has been demonstrated 
for excision surgery for several gastrointestinal malignancies.21;22;36 Research that 
addresses this subject for cancer specific survival following PD for pancreatic and 
periampullary adenocarcinoma is scarce. One earlier clinical study found that, 
besides pathological variables and obtaining a radical (R0) resection, lack of postop-
erative complications was associated with long-term survival following resection of 
pancreatic adenocarcinoma.37 Although an intrinsically valid finding, comparison 
with our results is somewhat limited, since the authors based conclusions on the 
association of complications with overall rather than cancer specific survival. Severe 
postoperative complications might lead to hospital mortality, which is accounted for 
in overall survival calculations. While no effect of complications was identified on 
cancer specific survival, the impact of complications on cancer recurrence cannot 
be answered from this study. Our results clearly demonstrate the profound nega-
tive influence of major surgical complications on death due to cancer recurrence fol-
lowing resection of pancreatic adenocarcinoma, and, thus, underline the oncological 
adverse effect of complications, even after the early postoperative period.

In the present study we evaluated the influence of a wide range of medical and sur-
gical complications on survival. Major surgical complications as defined in our study, 
inevitably resulting in a prolonged hospital stay, are recognized for their considerable 
impact and associated increased hospital mortality risk. Rather than minor complica-
tions these complications pose a plausible causative agent for severe immune status 
disturbance, which could lead to early cancer recurrence, as we hypothesized. In line 
with our hypothesis we did not include the clinically insignificant grade A POPF 
and PPH complications. Possibly this might explain that another clinical study, that 
included all POPF grades, did not detect a survival difference between patients with 
this single complication versus those without.38 It should be mentioned that the study 
was characterized by poor methodology, small sample size and low event rate, the lat-
ter likely precluding the possibility to detect significant differences. With respect to 
bleeding complications these could, in addition to anticipated perioperative blood 
loss, lead to hypovolemic shock depending on the volume of lost blood, supposedly 
causing immunosuppression.39 Severe bleeding complications following resection of 
pancreatic adenocarcinoma was one of the most significant complications associated 
with impaired survival in the present study. The transitory immune dysfunction fol-
lowing the primary surgery with superimposed suppression by PPH could be the 
explanation for a profound reduction in cancer specific survival associated with this 
complication.

Although resection obliterates the major source of cancer and thereby metastasiz-
ing cells, paradoxically it favors metastatic development of cancer by releasing tumor 
cells, reducing antiangiogenic factors, and inducing growth factors.39 Intraoperative 
tumor manipulation during surgery seems a main factor acting on tumor dissemi-
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nation, as was shown in an experimental rat model investigating laparotomy versus 
laparoscopy for pancreatic cancer.40 Cell mediated immunity likely has limited con-
trol over the emergence of cancer, but it might restrict the development of metastasis 
and eradicate minimal residual disease. However, it is clinically accepted that major 
surgery suppresses cellular immunity for several days, and that more invasive proce-
dures, e.g. laparotomy more than laparoscopy, lead to deeper immunosuppression.20

Especially tissue damage as occurs with major laparotomy is suggested to be a 
critical determinant of postoperative immunosuppression.39 Therefore, surgical 
treatment is confronted with a narrow window of opportunity for cellular immunity 
to eradicate residual malignant cells following tumor resection. Furthermore, the 
distinct pattern of immune defects in the early phase of the postoperative course 
with a predominant defect in T-cell effector functions may define a state of impaired 
defense against pathogens and increased susceptibility to (infectious) complications.41 
Whereas the temporary postoperative immunosuppression might be self-limiting, it 
could be hypothesized that the occurrence of complications is accompanied by a sec-
ondary disturbance of the immune system. In particular these circumstances could 
be the substrate for establishing a microenvironment in which residual microscopic 
disease and circulating tumor cells can colonize target organs easily.

In univariable analysis established pathological factors were significant factors 
for death due to cancer recurrence for the entire group, postoperative complications 
were not. In further analyses we choose to report outcomes for pancreatic and peri-
ampullary adenocarcinoma separately for their conceived difference in prognosis. 
The finding that the negative impact of postoperative complications on oncological 
immunosurveillance was significant for pancreatic, but not periampullary adeno-
carcinoma, indicates that primary tumor biology is a major survival prognosticator. 
Complication rates among tumor types were eventually quite similar. The difference 
in prognosis between pancreatic and periampullary tumors has been extensively 
reported, and it has been suggested that cure from a pancreatic primary in terms of 
5-year survival is exceedingly rare due to inevitable progression or recurrence.37;42;43 
Our finding that postoperative complications are independently associated with 
death due to recurrence in pancreatic cancer might therefore better be appreciated as 
earlier death due to recurrence.

For pancreatic and periampullary adenocarcinoma several operation characteris-
tics and pathological determinants have been demonstrated to influence long-term 
survival.17;37;44-50 Our study indeed reconfirms the prognostic value of variables as 
resection margin status, lymph node metastasis or lymph node ratio, and tumor dif-
ferentiation grade. The finding that administration of adjuvant therapy to selected 
patients with pancreatic adenocarcinoma positively influences survival, is a con-
firmative validation of our adapted treatment strategy. After publication of several 
randomized controlled trials that reported beneficial effects, this therapy became a 
routine treatment adjunct for eligible patients in our center.51-53 The only reservation 
to the observed survival benefit applies to the fact that this therapy was generally 
offered to, and accepted by patients, who are in relatively good condition after surgery. 
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In the survival models we constructed we incorporated classic pathological and treat-
ment parameters, which currently are considered the most predictive factors for sur-
vival. The fact that major surgical complications among these parameters remain an 
independent risk factor for reduced cancer specific survival, emphasize the relevance 
of our findings. On the other hand, a possible explanation for a relation between 
postoperative complications and death due to recurrence might be that patients with 
more advanced disease have a higher load of unrecognized (micro) metastatic tumor 
that is left behind and makes the patient more susceptible for complications.21

Unrecognized residual disease could theoretically be eliminated by a competent 
immune status, if not disturbed by postoperative complications. Accordingly we 
found that the effect of complications on cancer specific survival was even more 
dramatic in patients who had undergone a resection with resection margin status 
< 1 mm. Effective targeting of the larger tumor burden in these patients, compared 
to microscopically radical resection (R0), is further compromised when postopera-
tive complications occur, almost halving life expectancy in the present series. In the 
controversy over the practice of palliative PD, i.e. performing a resection despite the 
presence of advanced, preoperatively detected metastatic disease, this observation 
could be considered a counter-argument to operate these patients.54-56

In conclusion, the present study demonstrates a dramatic relation between major 
surgical complications and cancer specific survival following resection of pancreatic 
adenocarcinoma. For patients who underwent a R1-resection, postoperative complica-
tions limit the time interval until death due to cancer recurrence. These observations 
were not present for periampullary tumors, possibly due to more benign biological 
tumor behavior. Whether immunologic host factors enhance microscopic residual 
disease, and as such provide a possibility for targeted intervention, should be subject 
of further research in this specific patient population.
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SUmmARY

Background
The therapeutic approach to patients with chronic pancreatitis (CP) is complicated 
by the fact that patients are presented to the physician at different stages of disease 
and in the presence of varying clinical symptoms. Generally, an expectant approach 
is justified for patients with asymptomatic CP. At present, patients with symptoms 
related to gland destruction are initially treated by endoscopic means, while surgical 
treatment of CP is usually reserved for intractable abdominal pain, suspicion of can-
cer, and complications such as persistent pseudocysts.

Aim
To review the studies currently available evaluating surgical and/or endoscopic man-
agement of CP.

Results
Improvements in imaging techniques, as well as a better understanding of the 
pathophysiology of CP and mechanisms causing pain, have led to a more conscious 
selection of patients for surgery. Type of surgery depends on whether the pancreatic 
duct is dilated, presence of an inflammatory mass and occurrence of complications 
(pseudocysts, gastric outlet obstruction). Eventually, after initial endoscopic treat-
ment, a substantial number of patients still need surgery for persistent complaints.

Conclusions
For patients with symptomatic CP, a multidisciplinary approach is indicated with low 
threshold to surgical intervention, since long-term pain relief is accomplished more 
often after surgical treatment than after endoscopic treatment.
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INTRODUCTION

Chronic pancreatitis (CP) is a benign, progressive inflammatory condition causing 
histological damage of pancreatic parenchymal tissue. In an advanced stage of dis-
ease, gland atrophy occurs with or without calcifications.1 In contrast to acute pan-
creatitis, in which after removing the causative factor morphological changes of the 
gland resolve, the changes in CP are thought to be irreversible. After a subclini-
cal phase of variable duration, clinical symptoms become apparent and, ultimately, 
patients are found to suffer from pancreatic exocrine and endocrine insufficiency as 
a result of destruction of the gland. The estimated incidence and prevalence of CP are 
6–8 and 25–75 per 100 000 individuals, respectively, depending on the geographi-
cal area.2 The rising prevalence of CP, a decreasing male–female ratio as well as a 
younger age of onset are suggestive of phenomena pointing to changing patterns in 
alcohol consumption.3;4

Compared to the general population, patients with CP have an increased mortal-
ity rate of which 15–20% is directly related to the disease and local complications.4 
The remaining deaths are due to indirect causes, such as infection, smoking, malnu-
trition, liver failure and trauma.4 The risk for patients with CP to develop pancreatic 
cancer in the course of their illness is estimated to be 4-6% per 20 years.3;5;6

The possibility to treat CP surgically is still not fully acknowledged by many 
(referring) doctors. This explains why patients are presented relatively late in the 
course of their disease. In the past decades however, available surgical procedures for 
treatment of CP have witnessed some major advances. Especially for the appropriate 
indication in a multidisciplinary decisional approach and surgery in a professionally 
competent way, surgical intervention offers a long-term relief of symptoms in more 
than 90% of patients with CP.7

ETIOLOGY AND PATHOPHYSIOLOGY

The TIGAR-0 classification defines causes of CP in several major categories: toxic-
metabolic, genetic, recurrent and severe acute pancreatitis, obstructive morpho-
logical and idiopathic.8 In the light of recently identified genetic predispositions 
for pancreatitis as well as a better understanding of pathophysiologic mechanisms, 
development of CP is likely to be multifactorial. A complex interrelationship of the 
distinct factors listed in the TIGAR-0 might be necessary for the final development 
of CP.8;9 The most dominant cause of CP is since long considered to be toxic-meta-
bolic. An excessive use of alcohol should account for up to 80% of the cases of CP, 
whereas recent in vitro and in vivo experiments also demonstrate a significant role 
of cigarette smoking.9-11

Morphologically, CP is characterized by pancreatic main duct and side branch 
duct alterations, resulting in the ‘chain of lakes’ appearance on a pancreaticogram 
(multiple strictures and dilatations of the pancreatic duct). The most dramatic histo-
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logical change in CP comprises the irreversible destruction of functional glandular 
parenchyma and subsequent replacement by fibrous tissue. Generally, fibrosis is the 
accumulation of excessive amounts of extracellular matrix proteins in a tissue. Pan-
creatic stellate cells (PSCs) are responsible for synthesis of these matrix components. 
In the ongoing process of inflammation, cytokines, oxidant stress as well as ethanol 
and metabolites activate PSCs, resulting in an increased endogenous production of 
cytokines by PSCs themselves which gives a perpetuation of activation of PSCs. Ulti-
mately this leads to an excessive production of matrix components.12 Although CP is 
well defined on histopathological grounds, the clinical diagnosis in the early course 
of disease is not based on histology.13

Figure 1  Stones in proximal as well distal part of the pancreatic duct on reconstructive 
computed tomography imaging. In the left upper panel a line is drawn through the 
liver, gallbladder and pancreatic duct and a large intraductal concrement. The right 
upper panel shows a coronal view of the pancreatic head and body area with the venous 
confluens. The lower left panel is a sagittal view of the pancreatic body and venous 
confluens. In the right lower panel a coronal cross section is seen of multiple stones in 
the dilated pancreatic duct in longitudinal view. R, right; A, anterior.

The principle symptom in CP is episodic or intractable pain, being the main com-
plaint in the majority of patients. The pathophysiology of pain in CP is still incom-
pletely understood and likely to be multifactorial. An increased intraductal pressure 
and⁄or intraparenchymal pressure, as a result of strictures, calculi or distal inflam-
matory process, is since long thought to be a cause of pain, especially when a dilated 
pancreatic duct is present (Figure 1). The fact that endoscopic or surgical treatment of 
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the obstruction relieves pain supports this hypothesis. Several other causes of pain 
in CP have been suggested: hypersecretion of the pancreas due to impaired exocrine 
function, pancreatic ischemia and perineural inflammation. The last theory is gain-
ing ground as studies have shown an increased presence of several neurotransmit-
ters in afferent pancreatic nerves in CP. Finally, the pancreatic inflammatory process 
can induce duodenal and⁄or common bile duct stenosis contributing to the develop-
ment of pain, although the hypothesis for the latter is disputed.14-16

Local complications of CP can cause additional symptomatology. Pseudocysts 
or an inflammatory process in the pancreatic head causes local compression which 
might result in common bile duct stenosis, causing obstructive jaundice, cholestasis 
and cholangitis and obstruction of the pancreatic duct. Compression of the portal 
and⁄or splenic vein might occur, as well as portal ⁄ splenic venous thrombosis and 
(segmental) portal hypertension. Splenic vein thrombosis occurs in 2–4% of patients 
with CP. This event leads to isolated gastric varices with resulting gastrointestinal 
hemorrhage. In the course of CP vascular (venous or arterial) complications could 
arise and although rare, they imply potentially lethal hemorrhagic events. Also duo-
denal obstruction, leading to motility disorders and vomiting, may occur.

Bile Duct Obstruction
Another category of indications for surgery are caused by local complications of CP, 
which might affect adjacent structures. A frequent complication of CP is stricture of 
the distal bile duct, due to fibrotic stricturing or compression of the inflammatory 
process. Its incidence is reported to be 6% (3–23%) in patients hospitalized for CP; the 
incidence increased to 35% (15–60%) for those patients who required surgical inter-
vention for CP.17 Especially patients with an inflammatory process in the head of the 
pancreas are at risk for development of biliary obstruction. Although fibrotic biliary 
strictures might be managed initially with endoscopic therapy, the long-term success 
rate is disappointing. Surgical correction by a choledochoduodenostomy or hepatico-
jejunostomy should be considered in case stricture resolution has not occurred after 1 
year of endoscopic treatment.18;19 Cholecystoenterostomy seems to be associated with 
a higher incidence of cholangitis and should be avoided whenever possible.

Duodenal Obstruction
Duodenal obstruction caused by CP is a less common complication with an inci-
dence of 1.2% (0.5–13%) among hospitalized patients, increasing to 12% (2–36%) in 
patients requiring surgical intervention for CP.17 Two types of duodenal obstruction 
are to be distinguished: an acute temporary narrowing by the inflammatory process, 
pseudocyst or mesentery which might be treated conservatively, and a persistent ste-
nosis resulting from fibrosis, requiring surgical treatment by a gastroenterostomy.

Pseudocysts
Pseudocyst formation is a common complication in acute as well as CP; in the latter, 
the incidence is 20–40%.20 Large, symptomatic pseudocysts can be treated effec-
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tively in most cases by an endoscopic procedure with acceptable complication rate.21;22 
Surgical treatment (i.e. cyst-gastrostomy or cystenterostomy) is indicated in case of 
endoscopic failure, infection or when an pancreatic abscess has developed. A high 
morbidity rate of a duodenum-preserving pancreatic head resection (HR) with its 
considerable learning curve renders this procedure less favorable. Nealon and Walser 
suggested that for the treatment of CP (pancreatic duct >7 mm) with a concomitant 
pancreatic pseudocyst, drainage by a pancreaticojejunostomy (PJ) without simultane-
ous cyst drainage is sufficient and would lead to resolution of the pseudocyst.23

Vascular Complications
Major vascular complications pose a rare but acute and potentially lethal complica-
tion in CP and are caused by erosion of an artery in the pseudocyst wall. Presentation 
of the bleeding is either from the papilla of Vater or as a bleed into the abdominal 
cavity. Balachandra and Siriwardena demonstrated in a recent review that mesenteric 
angiography detects the source of bleeding, mostly from splenic, gastroduodenal, 
superior and inferior pancreaticoduodenal artery, or a false aneurysm in 94% of the 
cases.24 Concomitant embolization, either for spontaneous hemorrhage or in patients 
postoperatively, resulted in successful hemostasis in three quarters of the cases. Mor-
tality was remarkably low, especially when angiography was undertaken as first inter-
vention for bleeding instead of surgery. Therefore, surgical intervention for vascular 
complications should be reserved as a last resort and performed only if embolization 
has failed and bleeding persists.

Pancreatic Cancer in CP
The differentiation between CP and pancreatic cancer poses a diagnostic dilemma. 
Usually both diseases are easy to distinguish on clinical investigation and imaging 
studies; however, they may present with same symptoms and may display similar 
findings during imaging. Furthermore, pancreatic cancer is associated with second-
ary inflammatory changes and patients with CP are known to have an increased risk 
for the development of cancer, especially in hereditary pancreatitis.2;3;5;25 Misdiagnos-
ing pancreatic cancer for CP prevents a patient from being adequately treated for 
a potentially curable pancreatic cancer. Clearly, for patients without a clear clinical 
picture of CP and in whom pancreatic cancer cannot be ruled out on the basis of 
radiological findings, histological testing is obligatory. Analysis demonstrated that in 
a small subgroup of patients who underwent a pancreatoduodenectomy (PD) for sus-
picion of having a periampullary tumor without conclusive preoperative diagnosis 
on imaging (no hypodense lesion), more than half of these patients were diagnosed 
with a (pre)malignancy on histological grounds after resection..26 Furthermore, van 
Gulik et al. have described a series of 22 patients who were previously diagnosed 
with CP, but appeared to have (unresectable) pancreatic cancer within 3 years of fol-
low-up.25 A study of Sakorafas and Sarr supports these findings: 14 of 484 patients 
(2.9%) who underwent surgery for CP had developed pancreatic cancer after a mean 
of 3.4 years.27 Pancreatic malignancy should be suspected in patients who have had 
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surgery for CP when symptoms (such as recurrent pain, jaundice, weight loss or 
anorexia) recur. It is justified therefore to perform resection when differentiation 
between (focal) pancreatitis and pancreatic cancer is difficult.28 This approach is still 
followed in the Academic

Medical Centre (AMC) in Amsterdam considering the fact that the number of 
patients who underwent a PD for suspected carcinoma but were finally diagnosed 
with (focal) CP increased from 6.4% to 10.3% after 1996. Especially, with low sur-
gery-related morbidity and mortality rates of 1–3% PD is a relatively safe procedure 
now, offering also adequate pain relief in CP.29 In our series of 644 patients after PD 
(January 1992–January 2006), performed under the suspicion of pancreatic cancer, 
65 patients (10.1%) were diagnosed with CP instead of cancer on histopathological 
grounds after resection. Overall mortality was 1.4%, being 1.6% for pancreatic cancer 
and 0% for those patients who turned out to have CP.

SURGICAL TREATmENT FOR PAIN

Different surgical options in the management of CP for treatment of pain exist: (i) 
drainage by a PJ, (ii) combined drainage and resection; Frey procedure (core resec-
tion of the head region) and Beger procedure (duodenum-preserving pancreatic HR), 
(iii) resection procedures; such as PD, distal (or left-sided) and total pancreatectomy 
(TP).30-32 Once the indication is established for surgical intervention for CP, morpho-
logical features of the pancreas have to be evaluated in order to determine the most 
optimal surgical procedure. Crucial factors to consider are the presence and location 
of an inflammatory mass, dilatation and strictures of the pancreatic duct and⁄or 
common bile duct and duodenal stenosis on contrast-enhanced (helical) computer 
tomography and magnetic resonance cholangiopancreaticography.

Pancreatic Duct Drainage
To achieve pain relief for patients with dilatation of the main pancreatic duct (>5–7 
mm) without an inflammatory mass, draining the dilated main pancreatic duct by 
creation of a longitudinal PJ is the treatment of choice.33 Initially reported in 1958 by 
Puestow and Gillesby this operation underwent a modification by Partington and 
Rochelle with respect to omitting resection of the tail.34 A Roux-en-Y jejunal loop is 
anastomosed side-to-side to the whole length of the pancreas, achieving a complete 
drainage of the Wirsung and Santorini ducts (Figure 2).

The procedure is associated with low morbidity and perioperative mortality rates 
(0–5%, mean 1.1 ± 1.7%; Table 1). In our series of PJ for CP (n=136) mortality was 
0.7%. Another advantage of PJ is complete preservation of exocrine and endocrine 
functions of the pancreas. A substantial relief of abdominal pain is achieved, accord-
ing to many different studies, in 42–100% of patients (mean 80.1 ± 14.8% Table 1).
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Figure 2  Performing a pancreaticojejunostomy (PJ). (a) Opening of the omental sac and view 
on the pancreas, the middle colic vein, the (right) gastroepiploic vessels (arrow). 
(b) Opened pancreatic duct with multiple intraductal stones, soon to be removed. 
(c) Posterior layer of the longitudinal PJ from tail to head. A rim of longitudinal 
opened pancreatic tissue (arrow), where the anterior layer will be sutured next, and 
ductal mucosa is visible (arrowhead). (d) Complete longitudinal (lateral or side-to-
side) PJ (arrows). Stapled end of jejunal loop visible (arrowhead). Downstream a 
jejunojejunostomy is performed to complete the Roux-en-Y construction.

Besides relieving chronic pain in the majority of patients, PJ also prevents recur-
rent acute pain exacerbations.50 Nevertheless, in spite of these results, a number of 
patients have to cope up with clinically relevant recurrences of pain or have failed 
to obtain pain relief at all. This could be due to inappropriate selection of patients 
for this procedure. Patients with CP might present with an inflammatory mass in 
the pancreatic head and as well have strictures of the main pancreatic duct or side 
branches in the head region. These features might not have been properly dealt with 
when performing a PJ, possibly explaining eventual treatment failure.51 Performing 
a combined drainage and resection, such as a Frey procedure, may be more appropri-
ate in such cases. Importantly, recurrent pain after PJ is also significantly associated 
with persistent alcohol abuse.49 In case of recurrence of pain after PJ and presence of 
an inflammatory mass, performing a more extensive secondary surgical procedure 
is justified by involving a resectional procedure.
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Table 1 Longitudinal/lateral pancreaticojejunostomy for chronic pancreatitis in studies 
≥20 pts, excluding caudal PJ.

Author No. of patients

Complete or 
partial pain 

relief (%) mortality (%)
mean follow-up 

(months)

Sarles35 69 85 4 60
Warshaw36 33 83 3 43
Morrow et al.37 46 80 0 72
Sato et al.38 43 100 0 110
Bradley et al.39 48 66 0 69
Nealon et al.40 41 93 0 15
Drake et al.41 23 90 0 60
Greenlee et al.33 86‡ 80 3 95
Adloff et al.42 105 93 2 65
Wilson et al.43 20 76 5 60
Delcore et al.44* 28 86 0 42
Adams et al.45 85 55 0 76
Bühler et al.46† 35 42 0 48
Sielezneff et al.47 57 84 0 65
Sakorafas et al.48 120 81 0 96
Boerma et al.49 50 88 0 27
mean results (± SD) 889 80.1 ± 14.8 1.1 ± 1.7 62.7 ± 24.9

* 89% of the patients without dilated pancreatic ducts.
† Either ductal or cyst drainage.
‡ Study consisted of 91 pts, 5 omitted who underwent a caudal PJ.

It is likely that pancreatic calculi aggravate the clinical course of CP and are not 
merely the inevitable sequelae of an ongoing gland destruction. The rationale for 
intervention is increased intraductal pressure by ductal stones leading to increased 
parenchymal pressure, resulting in pancreatic ischemia and pain. Although CP is 
a progressive disease, animal experiments showed a normalization of the pancreas 
after an ‘early’ surgical drainage procedure, both morphologically and functionally.52 
A study of our group, comparing results of early and late surgical drainage in an 
experimental porcine model of chronic obstructive pancreatitis, supports these find-
ings.53 Early surgical drainage resulted in a marked improvement in histopathology 
grades and pancreatic exocrine function as opposed to the late drainage group. Clini-
cal studies, however, have reported contrasting results: some authors described a 
progressive deterioration in exocrine and endocrine function after surgical drain-
age, whereas others saw a postponement of both exocrine and endocrine insuffi-
ciency after successful early surgical drainage.33;40;48;54;55 One study demonstrated that 
in 87% of patients who underwent drainage by a PJ, pancreatic endocrine and exo-
crine insufficiency stabilized during complete follow-up (mean: 49.2 months) com-
pared to 22% for those who were not operated upon (mean follow-up: 46.7 months).54 
Maartense et al. evaluated in a prospective study the effect of resection procedures 
for CP vs. surgical drainage on both endocrine and exocrine pancreatic function.56 A 
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significant improvement of endocrine function after drainage by a PJ was found, as 
measured by blood glucose levels preoperatively and postoperatively, whereas clinical 
exocrine function was not influenced after either procedure.

In the AMC mostly a PJ is performed when surgical treatment of CP is indicated 
(in the absence of an inflammatory mass), making up for almost two-thirds of all 
surgical procedures for CP (Table 2).

Table 2 Surgery in AMC for CP, period 01/1994 – 04/2006, n=216.

n (%)

Drainage procedures (longitudinal PJ) 136 (63)
Combined drainage and resection (Frey or Beger) 42 (20)
(PP)PD 8 (3)
Left-sided resection 30 (14)

HR: (duodenum-preserving pancreatic) head resection; Frey: core resection of the head 
and pancreaticojejunostomy; PD: pancreatoduodenectomy; PPPD: pylorus preserving 
pancreatoduodenectomy.

Surgery-related morbidity of a PJ is 22%, mortality 0.7% in 136 patients in 12 years. 
Morbidity of any surgical procedure for CP, being either PJ, complete or core HR, or 
PD, was 18% in our series of 216 patients, and mortality 1.4%. Bleeding complications 
were most often managed conservatively or by angiographic coiling of branches of the 
gastroduodenal or pancreaticoduodenal arteries. Re-laparotomy for bleeding in a set-
ting with experienced interventional radiologists is seldom needed and is (in our insti-
tute) not a first choice strategy for bleeding complications after pancreatic surgery.

Our number of drainage procedures is relatively high compared with other pub-
lished series in which more often resection procedures are performed for CP. We 
have reported earlier about this discrepancy.57 Patients with CP with an inflamma-
tory mass in the pancreatic head are relatively less referred in our setting, the Neth-
erlands, for surgical treatment compared to other countries such as Germany or the 
United Kingdom. This might be due to a conservative attitude of referring doctors in 
the Netherlands, believing that the disease will be self-limiting and burn out.

Combined Drainage and Resection
A large proportion of patients referred for surgical treatment of CP have proximal 
strictures and⁄or an inflammatory mass besides a dilated pancreatic duct. This has 
introduced the concept that in CP the head of the pancreas is the ‘pacemaker’ in pain 
development and its persistence, and should be addressed by intervening surgically. 
Therefore, symptomatic patients, having a combination of an inflammatory mass in 
the pancreatic head with a dilated pancreatic duct, might tend to undergo a procedure 
combining drainage and resection.

The duodenum-preserving pancreatic HR was introduced by Beger et al. for the 
treatment of CP for patients with an inflammatory mass, predominantly in the pan-
creatic head.31 HR is associated with less long-term morbidity and a better quality of 
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life compared to a pylorus-preserving pancreatoduodenectomy (PPPD).29 Mortality 
rates are very low when performed by experienced surgeons and HR offers pain relief 
in more than 90% of the patients.6

A nowadays widely applied modification to the PJ was introduced in 1985 by 
Frey.30;58 This technique consists of performing a PJ together with a non-anatomical 
resection of the core of the pancreatic head, leaving some pancreatic tissue adjacent 
to the portal and mesenteric veins and the duodenum. When compared with HR, 
the Frey procedure does not necessitate transection of the pancreas, thus bleeding 
complications and anastomotic leakage are less likely to occur, making the technique 
more feasible.

For small duct disease, painful CP with a pancreatic duct diameter < 3 mm, a 
modification by Izbicki et al. has been proposed.59 A duodenum-preserving excision 
of the pancreatic head is combined with a longitudinal V-shaped excision of the ven-
tral aspect of the pancreas, followed by a longitudinal PJ. Another technique was 
introduced by Gloor et al. in which a pancreatic HR is performed without transection 
of the gland over the superior mesenteric vein, thus avoiding a significant bleeding 
risk.60 Drainage by a PJ is omitted. This technique is also known as the Berne proce-
dure and whether this procedure offers additional benefit over the Beger procedure 
is the subject of current research in Germany.61

The best available evidence is of randomized (controlled) trials comparing the dif-
ferent combined drainage and resection procedures for CP (Table 3). While there is 
some heterogeneity of the studies listed, a cautious interpretation is warranted. Both 
studies comparing PD and duodenum-preserving procedures clearly demonstrate a 
benefit of the duodenum-preserving procedure over a PD or PPPD in terms of pain 
relief and pancreatic function.62;63 Strate et al. recently published a study comparing 
Frey and Beger procedures with a (very long) follow-up time of 104 months.64 No dif-
ference was observed with respect to pain relief, pancreatic function and quality of 
life. Choice of procedure should depend on local expertise.

Table 3 Prospective randomized studies comparing surgical techniques for CP.

Ref.
No. 

patients
Surgical 

procedures
Follow-up 

(m) Results

Klempa et al. 62 43 HR vs. PD 36-66 HR: pain relief 100% (vs 70%), better 
pancreatic function.

Büchler et al. 63 40 HR vs. PPPD 6 HR: pain relief 94% (vs. 67%), better 
pancreatic function, morbidity 15% (vs. 20%)

Izbicki et al. 29 61 Frey vs. PPPD 24 Frey: pain relief 94% (vs. 95%), in-hospital 
complications 19% (vs. 53%)

Strate et al. 64 74 Frey vs. Beger 104 Equal pain relief and pancreatic function

CP: chronic pancreatitis; HR: (duodenum-preserving pancreatic) head resection PD: 
pancreatoduodenectomy PPPD: pylorus preserving pancreatoduodenectomy Frey: core resection of 
the head and pancreaticojejunostomy.

Challenging dogmas in pancreatic surgery_007.indd   173 20-9-2012   13:49:29



Pa
rt

 II
I 

Ch
ro

ni
c 

Pa
nc

re
at

iti
s 

an
d 

its
 S

ur
gi

ca
l T

re
at

m
en

t

174

Resection Procedures
Initially introduced as a treatment option for suspicion of periampullary carcinoma, 
the PD according to Whipple or the pylorus-preserving modification (PPPD) was also 
the surgical procedure for resection in patients with CP. Although associated with 
considerable morbidity and mortality, PD nowadays is a relatively safe procedure with 
hospital mortality prevailing below 1% when performed in a high volume centre.65 
Pain relief is achieved in up to 95% of patients but PPPD is still associated with sig-
nificant loss of endocrine and exocrine pancreatic function. When compared with 
other resectional options, quality of life improvement after PPPD for CP is moder-
ate.29 As stated before, PPPD for the treatment of CP is therefore only indicated in 
case of strong suspicion of malignancy.

Treatment of the distal pancreas is a procedure in selected cases with complica-
tions located in the tail of the pancreas. Left-sided pancreatectomy is a relatively safe 
procedure and can be performed with or without splenectomy, depending on local 
residual infection or fibrosis. Results in terms of pain relief differ greatly between 
studies, but the procedure seems to yield good results (80–90%) if applied to those 
patients with a single, prominent segmental stricture of the main pancreatic duct 
(>5 mm), with CP in the obstructed segment (pancreatic body, tail or both), as seen 
on computed tomography and Endoscopic Retrograde Cholangiopancreaticography 
(ERCP).66-68 Notably, almost half of the patients ends up with some kind of pancreatic 
insufficiency.68

The indication for TP might be failure of previous resection or severely disabling 
pain with complete endocrine and exocrine pancreatic failure.32 At the cost of signifi-
cant postoperative morbidity in the form of, often brittle, insulin-dependent diabetes 
and malabsorption due to exocrine insufficiency, TP is only performed as a last resort. 
Alexakis et al. performed a duodenum- and spleen-preserving TP in 19 patients. After 
a median follow-up of 8.5 months 81% experienced complete pain relief.32

ENDOSCOPIC THERAPY FOR PAIN CONTROL

The endoscopic management of severe CP has been developed as a less invasive 
mechanical approach to the treatment of pain and is now widely used as preferred 
interventional treatment for pain in CP. The aim of therapeutic endoscopy for pain 
is drainage of pancreatic ducts. Candidates for stenting appear to be those patients 
with a stricture or stones in the pancreatic head and upstream dilatation of the pan-
creatic duct. Patients with a ‘chain of lakes’ from head to tail are less likely to benefit 
from endoscopic therapy. The different procedures for drainage of the main pancre-
atic duct include: pancreatic sphincterotomy, stone extraction with or without extra-
corporeal shock wave lithotripsy (ESWL), stricture dilatation followed by pancreatic 
stenting and endoluminal drainage of the pancreatic duct.4 In most patients a pan-
creatic sphincterotomy is performed. Large or impacted stones or stones upstream of 
a stricture may require ESWL to fragment the stones and make endoscopic removal 
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possible. Displayed in Table 4 are results of several larger series with variable fol-
low-up demonstrating partial or complete disappearance of pain in 54–91% of the 
patients (73.8 ± 13.8).

Table 4 Endoscopic management for pancreatic duct stones/strictures in series ≥30  pts.

Reference No. of pts

Complete 
or partial 
pain relief 

(%)

Complete 
or partial 

stone 
removal (%)

ESwL 
(%)

mean 
follow-up 
(months)

Proceeded 
to surgery 

(%)

Delhaye et al.69* 123 85 59 99 14 8
Binmoeller et al.70 93 74 n/a n/a 59 26†

Smits et al.71 49 82 59‡ n/a 34 10§

Dumonceau et al.72 70 54 50‡ 100 24 6
Costamagna et al.73 35 72 74 100 27 3
Adamek et al.74 80 76 n/a 54 40 10
Farnbacher et al.75 114 48¶ 46 82 29 13
Rösch et al.76** 1018 85 67†† 64†† 59 24
Vitale et al.77‡‡ 82 83 n/a n/a 43 12
Inui et al.78** 555 91 73 92 44 4
Eleftheriadis et al.79 100 62§§ n/a n/a 69 4
mean results (±SD) 2319 73.8±13.8 - - 40.2±16.9 10.9±7.7

ESWL, extracorporeal shock wave lithotripsy; n/a: not available.
* After a follow-up of 172 m. in 66% of 56 survivors a persistent clinical improvement was observed80.
† Two pts requiring surgery due to complications of endoscopic therapy.
‡ Complete stone removal.
§ Two pts requiring surgery for biliary stricture and underwent concomitant PJ.
¶ Complete pain relief.
** Multicenter studies.
†† Group with only stones without strictures.
‡‡ Eighty-nine pts in study, 7 underwent surgery prior to stenting.
§§ Pain relief >1jr after stent removal during follow-up period.

Careful interpretation of these numbers is warranted as studies differ in methodol-
ogy: performed procedures (ESWL ± sphincterotomy ± stent placement), different 
numbers of necessary stent exchanges and whether or not stents are still in situ at 
the end of follow-up. A substantial number of patients progress to delayed surgery 
(11 ± 8%).

ENDOSCOPIC vS. SURGICAL DRAINAGE FOR PAIN

Until recently, general opinion in Europe has been that first-line treatment of CP by 
drainage should be endoscopic therapy as it is a less invasive treatment option than 
surgery. Moreover, therapeutic endotherapy with stent placement might be safely 
applied as an initial therapy while it was proved not to be a risk factor for adverse 
effects on the outcome of subsequent PJ, in case of endoscopic treatment failure 
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or disease progression.49 The real benefit of endoscopy over surgery or vice versa is 
unclear. Current literature reporting results for drainage as treatment of pain in CP 
are mostly retrospective, non-randomized and deal with only one treatment modal-
ity (endoscopic or surgery) without head-to-head comparison. More important, the 
main outcome, pain relief, was always measured without the use of general validated 
instruments for pain measurement. A prospective randomized trial, comparing 
endoscopic therapy with surgery, was published by Dite et al.81 Seventy-two patients 
were randomized to either surgery or endoscopic therapy. After a follow-up of 60 
months, complete pain relief was achieved in 34% for the surgical group vs. 15% 
after endotherapy and partial pain relief was obtained in 52% vs. 46% respectively. 
The drawback of this study was that different types of surgery (drainage ± resection) 
were compared with endoscopic therapy without ESWL, consisting of only a single 
stenting procedure and, again, no validated pain measurement was used. This limits 
any conclusions. Cahen et al. conducted a prospective randomized trial in the AMC, 
comparing endoscopic drainage with surgical drainage in patients with dominant 
obstruction of the pancreatic duct caused by strictures and⁄or stones, without an 
inflammatory mass.82 To evaluate treatment success, patients were longitudinally fol-
lowed up using a validated pain score. The study was discontinued after a median 
follow-up of 24 months because an interim analysis revealed a significant benefit of 
surgery over endoscopic therapy with respect to pain relief. An immediate and con-
sistent pain response after surgery was obtained during a 2-year follow-up period. 
Endoscopically treated patients underwent more therapeutic interventions com-
pared to surgically treated patients. It was concluded that for patients with advanced 
CP, surgical drainage was more effective than endoscopic treatment and moreover, 
resulted in more rapid pain relief requiring significantly less interventions.

CONCLUSION

Chronic pancreatitis is a severe disabling disease requiring intensive medical treat-
ment. Proper and early diagnosis is crucial for patients’ future perspectives while 
over the last years it has become clear that early intervention might delay and perhaps 
even halt the disease from progressing. Rehabilitation of diseased pancreatic tissue, 
to some extent, seems possible. To intervene surgically in the course of disease, care-
ful evaluation of each individual patient is necessary. A more liberal approach to 
surgical intervention is justified while increasing evidence is showing clear benefits 
over endoscopic therapy in terms of pain relief, which is the most prominent clinical 
symptom in patients with CP.
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ABSTRACT

Objective
We measured a comprehensive set of outcome measures after different surgical pro-
cedures for painful chronic pancreatitis (CP) at long-term follow-up.
Background: Pain caused by CP can be alleviated through operative intervention 
with type of procedure depending on anatomical abnormalities. Outcome measures 
include functional (pain relief, quality of life [QoL]), medical (endo- and exocrine 
function), and clinical (reoperation) results reported by patient.

Methods
A cross-sectional cohort of 223 consecutive patients who underwent surgical drain-
age, head resection, or left-sided pancreas resection, depending on anatomical abnor-
malities, was analyzed. Participating patients were reassessed during a prospectively 
scheduled outpatient clinic visit.

Results
At follow-up, 44 patients had died; 146 of 179 living patients consented to participate 
in the study. After 63 months (range: 14–268), 68% reported no or little pain, 19% 
reported intermediate pain, and 12% reported severe pain. Preoperative daily opioid 
use (OR: 3.04; 95% confidence interval [CI]: 1.09–8.49) and high numbers of pre-
ceding endoscopic procedures (OR [odds ratio]: 3.89; 95% CI: 1.01–14.9) were associ-
ated with persistent severe pain. Compared with the general population, physical 
more than mental QoL remained impaired (P<0.05). At follow-up, endocrine insuffi-
ciency was present in 57% of patients and exocrine insufficiency was present in 77%. 
Independently, a head resection and a reoperation for any cause were moderately 
associated with new-onset diabetes (P<0.1). Compared with patients who underwent 
left-sided resection, the risk of developing exocrine insufficiency after surgery was 
higher after drainage or head resection. After 20 months (interquartile range: 10–51) 
after surgery, 26 (12%) of 223 patients underwent 1 or more elective reoperations.

Conclusions
Operative intervention for painful CP, tailored to anatomical abnormalities, results 
in excellent to fair long-term pain relief, but approximately 10% of patients do not 
respond. QoL scores remained slightly compromised. High preoperative pain levels, 
suggested through daily opioid use and high numbers of endoscopic procedures, are 
associated with less favorable outcome.
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INTRODUCTION

Chronic pancreatitis (CP) is a progressive, inflammatory condition causing irrevers-
ible damage of pancreatic parenchymal tissue.1 Continuous or (superimposed) acute 
attacks of severe abdominal pain are the main complaint. Development of CP is 
probably due to a complex interrelationship of etiological factors, the most impor-
tant being toxic-metabolic (alcohol), genetic predisposition, and recurrent and severe 
acute pancreatitis.2;3 Prolonged disease ultimately results in impaired pancreatic 
function. Exocrine insufficiency leads to weight loss, steatorrhea, vitamin deficiency, 
and abdominal discomfort as a result from fat malabsorption due to lipase secretion 
impairment. Endocrine insufficiency results in pancreatogenic diabetes.

The principal indication for surgical treatment of CP is abdominal pain. Local 
complications that can occur in CP include a biliary stricture, duodenal stricture 
leading to gastric outlet obstruction, or symptomatic pseudocysts. Relevant abnor-
malities on imaging include the presence of a dilated pancreatic duct (PD), the level 
of obstruction, and the presence of an inflammatory mass in the head or tail of the 
pancreas. Another factor in treatment consideration is the concomitant suspicion of 
cancer. Although worldwide consensus and standardized criteria are presently not 
available, the general opinion is that the choice of surgical procedure for CP is based 
on clinical findings in combination with radiological findings.

CP at an advanced stage causes various clinical and functional complaints. As a 
general observation for chronic illnesses the burden of disease, eventually leading to 
surgical intervention, is largely subjective. Because the primary indication for surgi-
cal intervention in CP is pain, the patient-reported outcome (PRO) measures, pain 
relief, and quality of life (QoL) should be considered decisive endpoints.4 Additional 
outcome measures that define treatment success include employment, weight, and 
pancreatic endo- or exocrine insufficiency requiring medication.

Although an appropriate surgical procedure can yield long-term pain relief, a 
minority of patients does not respond. Possible predisposing factors of failure to 
achieve complete long-term pain relief after surgery include preoperative use of 
opioids and occurrence of postoperative complications, as was recently published.5 
Persistent or recurrent pain or development of local complications could also lead 
to reoperation.6-9 Progression of disease might be the pathophysiologic basis for late 
recurrence of pain, whereas an inappropriate primary procedure could prompt for an 
early reoperation.8;10 Controversy exists whether surgical PD drainage should always 
accompany resection. Some believe (minimal) resection should be part of any sur-
gical procedure for CP, whereas others generally do not perform resection.11;12 The 
argument against drainage without resection is that these patients would be insuf-
ficiently treated, leading to early recurrence of pain. On the contrary, another recent 
study suggested that patients selected for a PD drainage procedure have a better 
postoperative QoL than those undergoing resectional procedures.13

The objective was to investigate the long-termresults of various surgical proce-
dures for painful CP in terms of the clinical outcomes morbidity, rate and indication 
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of elective reoperation, the PROs pain relief and QoL, and the medical outcomes 
endo- and exocrine pancreatic function and pharmacological control of insufficiency.

PATIENTS AND mETHODS

Patients and Procedures
Patients who had undergone the primary operative procedure for painful CP in the 
period from January 1992 to March 2006 in the Academic Medical Center Amster-
dam were selected for the present study, to guarantee a minimal follow-up of several 
years. Pure PD drainage, by performing a pancreaticojejunostomy (PJ) according to 
Partington-Rochelle (modified Puestow), was restricted to patients with a dilated PD 
caused by strictures or stones, without an inflammatory mass (size pancreatic head 
< 4 cm).14 A jejunal loop was anastomosed side-to-side to the whole length of the 
pancreas from tail to head. Only in the presence of an inflammatory enlarged head 
of the pancreas of 4 cm or more in diameter, a drainage procedure combined with a 
local resection as described by Frey and Smith, or a duodenum-preserving pancre-
atic head resection according to Beger, depending on the surgeon’s preference, was 
performed.15;16 Each procedure was extended with a biliodigestive anastomosis when 
obstructive jaundice or a common bile duct stent was present. Pancreatoduodenec-
tomy, or the pylorus preserving modification, was performed only in case of severe 
duodenal obstruction or when CP was the most likely diagnosis but cancer could 
not be ruled out confidently. For distal obstruction, a left-sided pancreatectomy was 
performed. Patients who had undergone a pancreatoduodenectomy for suspicion of 
malignancy but who were found to have CP after pathological investigation were 
excluded.

Follow-Up, Questionnaires, and Tests
Clinicopathological data of patients undergoing pancreatic surgery in our clinic 
are permanently collected in a prospective database. Specific additional informa-
tion on presenting symptoms, suspected cause, duration of disease, and previous 
(endoscopic) treatment was obtained from medical records. For follow-up investiga-
tion, general practitioners were contacted for the patient’s present health status. For 
deceased patients, cause of death was noted. Living patients were contacted for par-
ticipation and asked to self-complete various questionnaires and were invited to a 
single prospective visit to the outpatient clinic. Patients not able to visit the outpatient 
clinic were offered to be visited at home by one of the investigators. The question-
naires were mailed to patients’ homes to avoid observer bias.

For pain assessment, the Dutch version of the Short Form McGill Pain Ques-
tionnaire was used, which consists of 11 sensory and 4 affective pain descriptors, 
each ranked in 4 intensity options, and a present pain intensity index and a visual 
analogue scale (VAS).17;18 The European Organization for Research and Treatment of 
Cancer (EORTC) Quality of Life Questionnaire C30 (QLQ-C30) and its CP  module 
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(QLQ-PAN28)were used as generic and disease-specific QoL instruments.4;19 The 
scores of both the QLQ-C30 and of the QLQPAN28 are linearly transformed to a scale 
of 0 to 100, with a higher score indicating better functioning or global QoL, or more 
symptoms or problems. We also included the Short Form-36 (SF-36) as a generic QoL 
instrument, whose 36 items are combined to form 8 subdomains and a composite 
physical and mental score.20 Results of the SF-36 QoL scoring lists could be compared 
with a reference population, matched for age.21

During the outpatient clinic visit, information on alcohol use, coexisting medical 
conditions, duration of complaints, and previous and current medication use was 
collected. Height and weight were measured to calculate body mass index (weight/
height). To evaluate medical consequences, fasting blood glucose (FBG) was deter-
mined at the time of the outpatient clinic visit. Endocrine insufficiency was defined 
as a FBG level more than 6.7 mmol/L (121 mg/dL) or when receiving prescription 
antidiabetic medication (insulin, oral medication) for previously diagnosed diabe-
tes mellitus, regardless of FBG level. Glycemic control by antidiabetic medication 
was considered adequate when the glycated hemoglobin level was less than 7%. Exo-
crine insufficiency was defined as a feces elastase level of less than 200 μg/g of feces 
(100–200: moderate; <100 severe), as was described by the manufacturer of the test. 
Preoperative feces elastase levels levels were unavailable in the majority of cases. Use 
of pancreatic enzymes was considered informative but not an alternative indication 
of pancreatic insufficiency, because they had also been prescribed as part of pain 
management.

Data Presentation and Statistical Analysis
In this cross-sectional cohort study, the results of the explorative analysis on clinical 
outcomes, pain and QoL scores, and medical outcomes are presented for the entire 
cohort and per operative procedure (resection, drainage, left-sided resection), where 
appropriate. The acknowledged association between opioid use and PROs was ana-
lyzed separately.13;22 We investigated potential predictive factors for poor response to 
surgery in terms of pain relief and medical consequences through regression analy-
sis.

Comparisons between patient groups were performed using the χ2 test or the 
Fisher exact test when appropriate. Summary statistics are presented either as mean 
with standard deviation (SD) or with standard error or median with interquartile 
range (IQR), depending on normal or nonnormal distribution. For continuous data, 
the Student t test, Mann-Whitney, or Kruskal-Wallis test were also performed where 
appropriate.

For the continuous SF-36 QoL outcome variables, comparisons between patients 
and reference population were made using Student t tests, irrespective of type of dis-
tribution due to the large sample normal distribution approximation rule. To deter-
mine the magnitude of the differences in means, effect sizes (ESs)were calculated. 
The ES is equal to the difference in mean scores of the 2 groups, divided by the SD 
of the reference population. Cohen interpreted ESs as small (0.2–0.49), moderate 
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(0.5–0.79), or large (>0.8).23 A “remarkable universality” among estimates of clini-
cal significance is reported to center around an ES of 0.5 on QoL measures used in 
chronic disease patients.24

Univariable linear and (multinomial) logistic regression analyses are performed 
for risk factors for pain, and endo- and exocrine insufficiency. Continuous variables 
were examined for linearity with the outcome measure and appropriately trans-
formed or categorized if the relationship was clearly nonlinear. Multivariable regres-
sion analysis for association models was performed using both backward selection 
procedure of significant variables, defined as a P-value of less than 0.05 and forward 
selection to investigate potential confounding.

RESULTS

Characteristics and Clinical Outcomes of the Entire Cohort
In the study period, 223 patients had undergone an operation for pain due to CP of 
which the characteristics are shown in Table 1. Surgical PD drainage was the most 
frequently performed procedure in our cohort.

Table 1 Patient and Operative Characteristics of Entire Cohort at Time of Surgery.

Demographics (n=223)

Age, mean (SD), yrs 48 (11)
Male sex, n (%) 135 (60)
Median reported duration of pain, mo (10th–90th percentile) 40 (12-132)
Prior therapeutic endoscopic procedures, median (range) 2 (0-29)
Surgical technique, n (%)

Drainage* 146 (66)
Head resection† 40 (18)
Left sided resection 37 (17)
Concomitant hepaticojejunostomy‡ 51 (23)

Median hospital stay, d (10th–90th percentile) 9 (6-18)
Surgical morbidity, n (%) 48 (22)
Hospital deaths, n (%) 2 (0.9)

Evaluated at time of surgical index procedure.
* Pancreaticojejunostomy according to Puestow.
† Procedure according to Frey (n=26), Beger (n=9) or pancreatoduodenectomy (n=5).
‡ Supplement to drainage, head or left-sided resection.
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Table 2 Clinical Consequences of Surgery for Chronic Pancreatitis for All Patients Occurring 
Within the Follow-Up Period.

All patients Drainage
Head 

resection
Left-sided 
resection

variables (n=223) (n=146) (n=40) (n=37)

Any surgery-related morbidity, n (%) 48 (22) 31 (21) 12 (30) 5 (14)
Delayed gastric emptying 17 (8) 9 (6) 3 (8) 5 (14)
Bleeding 18 (8) 15 (10) 3 (8) -
Wound infection 11 (5) 7 (5) 4 (10) -
Leakage of the pancreaticojejunos-
tomy anastomosis

9 (4) 7 (5) 2 (5) -

Intra-abdominal abscess 6 (3) 4 (3) 1 (3) 1 (3)
Other complication 9 (4) 5 (3) 4 (10) -

Relaparotomy for complication 19 (9) 15 (10) 4 (10) -
Underwent elective reoperation, n 
(%)

26 (12) 10 (7) 12 (30) 4 (11)

Median interval to (first) reoperation 
(mo) (10th–90th percentile)

20 (4-66) 15 (2-56) 31 (5-79) 23 (3-250)

Number of procedures 35 11 18 6
Indication, n (%)*

Cholestasis 14 (40) 4 (36) 7 (39) 3 (50)
Persistent, recurrent pain 10 (29) 4 (36) 5 (28) 1 (17)
Other 11 (31) 3 (28) 6 (33) 2 (33)

Deceased at follow-up, n (%) 44 (20) 26 (18) 7 (18) 11 (30)
Reason, n (%)

Pancreatic adenocarcinoma 6 (14) 4 (15) - 2 (18)
Other malignancy 11 (25) 6 (23) 2 (29) 2 (18)
In-hospital mortality during index 
procedure

2 (5) 1 (4) 1 (15) -

Other cause 25 (57) 15 (58) 4 (57) 7 (64)

* unit of analysis = patient.

Surgery-related morbidity during index intervention for the entire cohort was 22%; 
overall in-hospital mortality was 0.9% (Table 2). An emergency relaparotomy for 
bleeding or anastomotic dehiscence complications was needed in 16 of 223 (7%) 
patients, although after the year 2000 bleeding complications were treated primarily 
through interventional radiology.

At a median follow-up of 60 (IQR: 29–104) months, 26 of 223 (12%) patients had 
undergone a total of 35 elective reoperations after a median interval of 20 (10th–90th 
percentile 4–66) months after the index procedure (Table 2). For 8 of these 26 (31%) 
patients, the first reoperation was performed within 12 months of the primary pro-
cedure. New-onset or recurrent cholestasis requiring a (revision of the) biliodigestive 
bypass was the most prevalent cause for reoperation. The proportion of patients that 
underwent any form of pancreatic head resection as initial procedure and required 
one or more reoperations during follow-up was significantly higher than patients 
who underwent a drainage procedure or a left-sided resection (P<0.001). Of the 223 

Challenging dogmas in pancreatic surgery_007.indd   187 20-9-2012   13:49:30



Pa
rt

 II
I 

Ch
ro

ni
c 

Pa
nc

re
at

iti
s 

an
d 

its
 S

ur
gi

ca
l T

re
at

m
en

t

188

patients, 179 (80%) were alive at follow-up. Of the 44 patients who had died during 
the follow-up period, 6 died of a pancreatic adenocarcinoma.

STUDY PARTICIPANTS

Patient Reported Outcomes
Of the 179 living patients, 146 (82%) agreed to participate. The median follow-up 
time was 63 months (IQR: 30–112). There were no statistically significant differences 
in baseline characteristics between patients who participated in the present study 
and those who did not (data not shown). Presumed etiology of CP of the follow-up 
cohort included the following: alcohol 52% (76 patients), idiopathic 25% (36 patients), 
biliary 7% (11 patients), and other causes (eg, postnecrotic, pancreas divisum) 16% 
(23 patients). Alcohol as cause of CP had lowest prevalence in patients that under-
went left-sided resection and highest among patients that underwent head resection, 
respectively, 32% (7 patients) and 78% (18 patients). Of the 146 patients, 110 (75%) 
were active cigarette smokers at the time of operation with 23 (IQR: 15–34) median 
pack-years (1 pack per day), 17 (12%) were past smokers. Of these 110 active smokers, 
99 (90%) had continued smoking up to the follow-up investigation.

Table 3 Pain and QoL Scores for Patients Available at Follow-Up.

All patients Drainage Head Resection
Left-sided 
resection

variables (n=146) (n=101) (n=23) (n=22)

Pain Scores                        
Visual Analog Scale, 
median (range) [%]

2.2 (0.2-5.1) [12] 2.2 (0.2-4.9) [12] 3.2 (0.6-5.8) [17] 2.0 (0.2-4.1) [9]

QoL QLQ-C30, PAN-28 domains, M (SD) [%]
Flatulence 46 (33) [42] 45 (32) [43] 56 (35) [52] 38 (30) [29]
Fatigue 41 (28) [36] 40 (29) [34] 47 (23) [43] 40 (27) [33]
Insomnia 35 (36) [36] 33 (35) [32] 40 (39) [48] 35 (39) [38]
Fear of Future Health 39 (32) [34] 39 (33) [32] 43 (30) [38] 40 (29) [38]
Bloated Abdomen 32 (32) [30] 33 (33) [32] 32 (31) [29] 29 (32) [19]
Indigestion 31 (32) [29] 33 (33) [32] 30 (31) [29] 24 (28) [14]
Altered Bowel Habit 37 (30) [27] 37 (30) [28] 45 (30) [29] 29 (27) [19]

Mean values with standard deviation are given and percentage of patients with high pain scores or 
compromised QoL (unless otherwise stated).
High pain score defined as score >7.0 on visual analog scale; compromised QoL on all other domains 
defined as score >50.

Challenging dogmas in pancreatic surgery_007.indd   188 20-9-2012   13:49:31



189Chapter 11 Tailored Surgery for Painful Chronic Pancreatitis

Table 4 SF-36 Scores for 146 Available CP Patients Compared to Age-Matched General 
Population Norms (Mean Values With Standard Deviations Are Shown).

All
patients

General population
norms

 
ES*

SF-36 domain scores
Physical functioning 71 ± 25 86 ± 18 0,83 c
Role functioning 51 ± 45 77 ± 36 0,70 b
Bodily pain 64 ± 28 72 ± 24 0,36 a
General health perceptions 48 ± 25 70 ± 21 1,08 c
Vitality 55 ± 22 71 ± 20 0,79 b
Social functioning 72 ± 25 86 ± 20 0,71 b
Role emotional 70 ± 41 82 ± 34 0,35 a
Mental health 73 ± 21 78 ± 18 0,26 a

SF-36 component scores
PCS 42 ± 11 50 ± 10 0,87 c
MCS 47 ± 12 50 ± 11 0,30 a

∗	 Effect size of difference in scores of all CP patients compared to general population norms.
ES indicates effect size between chronic pancreatitis and General Population Norms; 
MCS = Mental Component Score; PCS = Physical Component Score.
a: small effect size, b: moderate effect size, c: large effect size according to Cohen.

Table 3 shows mean VAS pain scores for all patients, and per type of procedure. 
When categorized in 3 groups (low VAS <4; intermediate VAS 4–7; severe VAS >7) 
proportions were 68% (100 patients), 19% (28 patients), and 12% (18 patients), respec-
tively. For the 18 patients with severe pain at follow-up, the mostly reported highest 
ranked sensory dimension of pain description was “tender” (56%, 10 patients), high-
est ranked affective dimensions were “tiring-exhausting,” and “fearful”. Reported 
McGill Present Pain Intensity descriptive scores were the following: no pain 47.6% 
(68 patients), mild 20.3% (29 patients), discomforting 21% (30 patients), distressing 
4.9% (7 patients), horrible 5.6% (8 patients), and excruciating 0.7% (1 patient). VAS 
scores of pain and pain intensity scores did not differ significantly between patients 
who underwent any type of resection or drainage as primary type of procedure.

Table 3 also shows the mean symptom scores of selected QLQC30 and -PAN28 
domains for which more than 25% of patients report a score greater than 50 (mod-
erate-severe). The proportion of patients that reported moderate-severe symptoms 
on the closely related domains flatulence, bloated abdomen, indigestion, and altered 
bowel habit was relatively low for the left-sided resection group compared with the 
other 2 procedures. Domain and component scores of SF-36 for assessment of generic 
QoL are summarized in Table 4. Compared to a reference population matched for 
age, CP patients scored significantly lower on all domains, but the magnitude of the 
differences in mean scores was primarily small to moderate (range: 0.26–0.70), with 
the exception of the domains physical functioning (ES=0.83) and general health per-
ceptions (ES=1.08). Compared with the reference population, lower composite scores 
for CP patients were more explicit on the physical than on the mental QoL domain.
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Among the different presumed etiological causes of CP, the distribution of cat-
egorized VAS pain scores was not significantly different. Of the 146 patients, 100 
(68%) had undergone 1 or more endoscopic attempts to relieve pain before surgery. 
Multinomial univariable logistic regression analysis with the categorized VAS pain 
score as dependent variable showed that a higher number of preoperative endoscopic 
procedures (>5), preoperative daily opioid use, and reoperation were associated with 
severe pain at follow-up (Table 5). Patients who required an elective (revision of) head 
resection for pain had a mean VAS pain score at follow-up of 5.1 (SD: 3.2); this score 
was 2.8 (SD: 2.7) for other patients (P=0.019).

Of the 146 patients, 50 (34%) had paid employment at the time of follow-up and 
15 were following reintegration, whereas 75 (51%) received social security and 21 (14%) 
had retired.

Table 5 Multinomial Logistic Regression for Factors Associated With Persistent Pain.*

Intermediate pain Severe pain
OR [95% CI] OR [95% CI]

Age at follow-up† 1,01 [0,97–1,05] 0,95 [0,92–1,01]
Female sex 1,24 [0,51–3,01] 1,79 [0,64–4,98]
Reported duration of pain preoperatively† 1,04 [0,98–1,10] 0,94 [0,84–1,06]
Preoperative daily opioid use 1,35 [0,55–3,28] 3,04 [1,09–8,49]
Prior therapeutic endoscopic procedures (n) ‡

2-4 0,91 [0,33–2,53] 2,19 [0,59–8,14]
≥5 1,41 [0,47–4,24] 3,89 [1,01–14,9]

Type of procedure§

Drainage 1,61 [0,43–6,07] 1,52 [0,31–7,55]
Head resection 2,62 [0,55–12,5] 2,62 [0,41–16,5]

Length of follow-up† 1,02 [0,92–1,13] 0,99 [0,87–1,13]
Reoperation|| 1,34 [0,33–5,41] 3,18 [0,84–11,8]
Continued alcohol consumption¶ 0,65 [0,26–1,63] 0,36 [0,11–1,25]
Continued smoking# 1,35 [0,54–3,39] 1,89 [0,58–6,19]
Current endocrine insufficiency 1,52 [0,63–3,68] 1,64 [0,56–4,82]
Current exocrine insufficiency 1,21 [0,40–3,65] 0,83 [0,24–2,91]

* Reference category is no/low pain score. Variable in bold: significant at the P<0.05 level.
† 1-year increment.
‡ Reference category is 0–1 previous endoscopic procedure.
§ Reference category is tail resection. Head resection in relation to drainage also not significantly 

different.
|| Related to sequelae of chronic pancreatitis: cholestasis, recurrent pain, gastric outlet obstruction or 

suspicion of malignancy.
¶ Variable confined to patients that consumed alcohol prior to surgery and continued.
# Variable confined to patients that smoked cigarettes prior to surgery and continued.
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Outcomes Defined by Opioid Use
Compared with nonuser patients who, at the time of surgical intervention, presented 
with daily opioid use were younger, 45.4 (SD: 10.2) years versus 50.7 (SD: 10.8) years 
for nonusers (P=0.001), and had a longer median reported duration of pain, 48 (10th–
90th percentile: 12–192) months versus 36 (10th–90th percentile: 12–120) months 
(P=0.021) for nonusers. No significant difference between groups in prevalence of 
diabetes or number of previous therapeutic endoscopic procedures at the time of sur-
gical intervention was found. There was a trend for patients with preoperative opioid 
use to undergo some form of resection (Frey, Beger, Pancreatoduodenectomy) rather 
than surgical drainage alone (P=0.08).

Daily opioid use had decreased from 33% (48/146) of patients preoperatively to 
17% (25/146) at follow-up (30 stopped, 18 continued, 7 started). After surgery, 93% 
(91/98) of the preoperative nonusers had remained opioid-free, whereas 63% (30/48) 
of the preoperative users became opioid-free. The median reported VAS score of pain 
for patients who preoperatively used opioids and quit using after surgery was sig-
nificantly lower at follow-up compared with patients with continued opioid use (1.3 
[IQR: 1.9–3.8] vs 5.3 [IQR: 3.8–7.1]), respectively (P<0.001)), and similar to patients 
who never arrived at using opioids (1.4 [IQR: 0–4.2]). The SF-36 mental composite 
scores of patients who never used opioids or quit using after the operation were no 
longer significantly different from the general population norms, whereas the physi-
cal composite scores remained compromised for all groups (data not shown).With 
respect to QLQ-C30 and PAN28 QoL scores, current opioid users had significantly 
worse outcomes on all function domains, except for sexual functioning, and worse 
outcomes on all symptom domains, except for dyspnoea, constipation, guilt and bur-
den of alcohol consumption, and health care satisfaction.

Medical Outcomes – Pancreatic Function and Pharmacological Control
Before any procedure, the proportion of patients with endocrine and/or exocrine 
insufficiency was not significantly different (Table 6); 25 patients (18%) were endo-
crine insufficient at the time of surgical intervention, whereas the majority devel-
oped endocrine insufficiency (new-onset diabetes) afterwards. Table 7 displays the 
regression analysis of relevant risk factors for development of diabetes during follow-
up after operation for CP. A head resection, a reoperation for any cause, and longer 
follow-up after surgery were moderately associated with new-onset diabetes.

Preoperatively 63 patients (46%) received pancreatic enzyme supplements, 
whereas at follow-up exocrine insufficiency was present in 95 patients (77%). Com-
pared with patients who underwent left-sided resection the risk to develop exocrine 
insufficiency after surgery was higher after drainage or some form of resection; OR: 
3.81 (95% CI: 1.38–10.5) and OR: 7.73 (95% CI: 1.42–42.2), respectively. No other pre-
disposing factors were identified. Overall mean body mass index increased from 21.8 
(95% CI: 21.1–22.5) preoperatively to 23.0 (95% CI: 22.3–23.7) at follow-up (P<0.001).
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Table 6 Medical Consequences of CP Preoperatively and at Follow-Up.

 
variables

All patients
(n=137)

Drainage
(n=93)

Head
Resection

(n=23)

Left-sided 
resection

(n=22)

Preoperatively
Endocrine insufficiency,* n (%) 25 (18) 18 (20) 3 (13) 4 (18)
Medication use for endocrine insufficiency, n (%)

Insulin 18 (13) 13 (14) 2 (9) 3 (14)
Oral medication 7 (5) 5 (5) 1 (4) 1 (5)

Enzyme suppletion, n (%) 63 (44) 43 (43) 12 (52) 8 (36)
At follow-up
Endocrine insufficiency,† n (%) 78 (57) 48 (52) 16 (70) 14 (64)

New-onset 53 (39) 30 (33) 13 (57) 10 (46)
Unrecognized 8 (6) 5 (5) 3 (13) 0
Fasting glucose, median (range), 
mmol/L

5,8 (2-17) 5,7 (2-17) 6,2 (4-15) 6,0 (4-11)

HbA1c, median (range), % 6,8 (5-13) 6,8 (5-13) 7,0 (6-12) 7,4 (6-10)
Medication use for endocrine insufficiency, n (%)

Insulin 50 (37) 30 (33) 10 (44) 10 (46)
Oral medication 19 (14) 12 (13) 3 (13) 4 (18)

Exocrine insufficiency,‡ n (%) 95 (77) 67 (81) 17 (90) 11 (52)
Feces elastase, median (range), ug/
gram feces

32 (1-501) 1 (1-501) 32 (1-501) 173 (1-501)

Enzyme suppletion, n (%) 79 (59) 55 (60) 13 (59) 11 (50)

* Defined as: using prescribed anti-diabetic medication.
† Defined as: using prescribed antidiabetic medication or fasting glucose >6.7 mmol/L.
‡ Insufficiency defined as elastase level of <200 ug/feces.

Table 7 Risk Factors for New-Onset Diabetes After Surgery for Pain in Chronic Pancreatitis.

Univariable, multivariable,
variables OR [95% CI] OR [95% CI]

Age at follow-up 0.99 [0.96–1.02]
Female sex 0.93 [0.45–1.91]
Primary surgical procedure†

Head resection 2.69 [1.06–6.83]§ 2.54 [0.92–6.98]‡

Left-sided resection 1.72 [0.67–4.43] 1.63 [0.60–4.40]
Length of follow-up after surgery (LOG)* 1.61 [0.98–2.63]‡ 1.55 [0.91–2.64]
Reoperation for any cause 5.24 [1.57–17.5]§ 3.46 [0.97–12.4]‡

* 1-year increment.
† Reference category is surgical drainage.
‡ Significant at P<0.1 level.
§ Significant at P<.05 level.
CI indicates confidence interval; LOG, logarithmic transformation; OR, odds ratio.
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DISCUSSION

In the present study, we found that partial to complete pain relief is achieved in the 
majority of patients after operation for painful CP, but 12% does not respond, mainly 
characterized by continued opioid dependency. High preoperative pain levels, sug-
gested by daily opioid use and high numbers of endoscopic procedures, predisposes 
for a less favorable long-term outcome after operation with respect to pain relief and 
QoL. In all patients, long-term QoL after surgery remains slightly compromised 
compared with a reference population, particularly in the physical domains. Opioid 
dependency at follow-up is associated with poor QoL and severe pain. During fol-
low-up, overall elective reoperation rate for any cause was 12%. Patients who under-
went any form of resection of the pancreatic head had an increased risk for elective 
reoperation. Elective reoperation and any form of head resection were moderately 
associated with new-onset diabetes. A substantial proportion of patients developed 
exocrine insufficiency at long-term follow-up.

The indication to operate in the present series was pain. Several descriptive and 
randomized series report long-term pain relief ranging from 48% up to even 100%.6;25-

27 Nevertheless, to compare results among these series is complicated because of 
heterogeneity in duration of follow-up and outcome measures (eg, ad hoc instead 
of validated questionnaires for pain and QoL). Also, when evaluating the primary 
endpoint, pain relief after surgery for painful CP and proper selection of the study 
population is important. For example, patients who were operated for suspicion of 
pancreatic malignancy that turned out to be CP at histopathology should not but 
are indeed included in several studies.7;13;22;28;29 Not all of these patients present with 
intractable, epigastric pain but different clinical symptoms and likely they might, 
when included, lower the pain score. Including these patients contaminates study 
results and interpretation of actual outcome of operative intervention for painful CP.

The 12% elective reoperation rate was mainly for (recurring) cholestasis and pain, 
which resembles rates and indications of several other large series.7;8;27 Patients who 
had undergone any form of resection of the pancreatic head were at higher risk for 
reoperation than those who had undergone surgical drainage or left-sided resection. 
The majority of reoperations were carried out more than 12 months after the primary 
procedure, which might suggest that the need for a reoperation reflect progression of 
disease rather than an inappropriately applied primary procedure. On the contrary, 
it might be that the treating physician choose to wait up to a year before the final 
conclusion of treatment success or failure could be drawn. Nevertheless, persistent 
pain after index surgery prompting for a (revision of) head resection, although it con-
cerned a small number of patients, was still associated with high pain scores at long-
term follow-up. Likely due to progressive disease, elective secondary (more extensive) 
surgery for failure of pain relief after an initial attempt, seems rarely indicated.

For decades, the Puestow procedure was the one surgical (drainage) option to 
treat pain in CP.30 Failure to respond or recurrence of pain has been attributed to lack 
of dilated ductal disease, improper surgical technique (PD not incised over the full 
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length), or persistent or recurrent disease in the head of the pancreas.30-32 We found 
that an increasing number of endoscopic treatment procedures before operation were 
associated with less favorable long-term outcome. Besides failure to achieve adequate 
and long-term relief of symptoms, these repeated endoscopic attempts also result in 
a postponement of surgical intervention to a more advanced disease stage.33 Possibly 
these patients are less likely to respond to surgical treatment at that time.

From a technical point of view, the principal cause of failure of the Puestow opera-
tion is the fact that the procedure does not address a potential inflammatory mass, 
by some considered to be the pacemaker of pain.30;34 It is for this reason that some 
surgeons believe (minimal) resection should be part of any surgical procedure for CP, 
and it might explain the rapid and firm rise in popularity of the organ-sparing resec-
tion procedures.35 A pancreatic head diameter of 4 cm or more is the threshold we use 
to decide for a local resection of the pancreatic head.33 Patients with a pancreatic head 
smaller than this threshold are considered candidates for surgical drainage only. 
In pursuing this guideline, we found the majority of our patients reported excel-
lent to acceptable pain relief on the long term, irrespective of surgical procedure. 
Moreover, the presumed higher risk of recurrence of pain or local symptoms after 
drainage, prompting for reoperation, cannot be confirmed. On the contrary, a higher 
reoperation rate was found for pain after head resection compared to drainage only. 
Although this most likely reflects the presence of more extensive and progressive dis-
ease in the patients with resection and thus “big heads,” a disadvantage of drainage 
only in the patients with “small heads” was not seen. An external factor that explains 
our relatively high number of drainage procedures compared with other published 
series probably reflects local referral patterns to surgeons, which was discussed ear-
lier.36;37 Like others, we experience that patients with a big pancreatic head due to an 
inflammatory mass in the pancreatic head are relatively rare and are referred less for 
surgical treatment in The Netherlands than in other countries.38

Failure of response to surgical treatment in CP can also be caused by patient fac-
tors, of which continued heavy alcohol use has been suggested to be an important 
factor.39-42 However, conflicting results in the literature exist with respect to the sig-
nificance of this association.43-45 In line with recent other studies, our study did not 
reveal a significant association between continued moderate or heavy alcohol use and 
persistent pain.8;27;31;46 Furthermore, there was no significant relationship between 
the QLQ-PAN28 items that measure guilt and burden of abstention from alcohol, and 
overall QoL. These findings were equal for any type of preceding primary surgical 
procedure. We could hypothesize that patients who drink alcohol are essentially the 
ones that are pain-free and report a high QoL. Of significance in the pathogenesis of 
CP is the suggested relationship with (cigarette) smoking, which was also likely to 
be contributing factor in our cohort, considering the very high prevalence of three-
quarters of patients smoking at the time of operation.47;48 However, this variable did 
not play a major part in failure of treatment as the vast majority of smokers continued 
smoking after surgery.
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The fact that CP is a debilitating condition that leads to severe pain and progres-
sive loss of endo- and exocrine function, ultimately resulting in insulin requirement 
and gastrointestinal symptoms – malabsorption, anorexia, weight loss – is well-
recognized. In contrast to these “hard” endpoints, the emotional and social conse-
quences of CP are less clear. However, an increased awareness of the importance to 
assess impact and treatment of CP on patients’ QoL has emerged and has led to devel-
opment of CP-specific and validated QoL scoring systems.4 We found that a consid-
erable number of CP patients still report an impaired QoL on various domains like 
fatigue, insomnia, and fear of future health after surgery. This finding underlines 
the multidimensional effects of the disease and highlights the need for counseling 
of patients with this chronic illness. Furthermore, we observed from the multivari-
able analysis that daily opioid use and reoperation, probably reflecting progressive 
disease activity, were the strongest factors associated with a worse physical and men-
tal QoL at follow-up. The experienced physical QoL was more impaired than mental 
QoL, which suggests that patients experience a profound limitation in performing 
all physical activities, including self-care, work, and social and role activities, mainly 
due to pain. A relatively good mental QoL should be interpreted as frequent positive 
affect, and absence of psychological distress and limitations in usual social activities 
due to emotional problems.

The majority of patients were operated without ever having used opioids and 
remained free from opioids after surgery. Two-thirds of the preoperative opioid users 
became opioid-free after surgery. VAS pain scores for both types of patients were 
nearly 1.0 postoperative, but significantly higher for current users. The dramatic 
effects associated with daily opioid dependency were also specifically evident for cur-
rent users, who had worse outcomes on almost every QoL domain of every scale 
compared with nonusers. Current nonusers closely resembled a healthy reference 
population. Although one could argue that patients without opioid use could have 
been managed conservatively, we question the wait-and-see approach, because CP 
is considered a chronic and progressive disease and symptoms are likely to increase. 
In line with others who found that opioid withdrawal was more problematic in those 
with preoperative opioid use, we agree with the view that earlier referral for resection 
may be warranted.49;50 We hypothesize that surgical intervention may be even more 
effective with respect to long-term outcomes when performed early in the course of 
disease, before arriving to the stage of necessary administration of opioids.

Long-term exocrine and/or endocrine insufficiency in CP patients treated surgi-
cally is due to the surgical intervention and the progression of the underlying dis-
ease.51 A recent review showed that when some kind of resection procedure is indi-
cated for pancreatic head disease in CP, the more organ-sparing variants like the 
Frey or Beger procedure are preferred to pancreatoduodenectomy for their favorable 
effects on endocrine and exocrine function.52 In the present series, we found that a 
head resection and reoperation were more frequently associated with the develop-
ment of new-onset diabetes than a drainage procedure. Although the number of 
patients with endo and / or exocrine insufficiency was considerable, this did not 
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importantly influence the overall reported QoL, which concords with results found 
by others.46 The timing of intervention may be another factor that determines the 
extent of pancreatic insufficiency. In an experimental study using a porcine model, 
we found that early surgical drainage resulted in a marked improvement in histo-
pathology grades and pancreatic exocrine function as opposed to the late drainage 
group.53 Nealon et al. advocate a policy of early surgical drainage before the devel-
opment of irreversible functional impairment, based on the clinical finding that 
decompression via a PJ delays exocrine functional impairment.54;55 Therefore, patient 
selection for early surgical drainage as opposed to prolonged conservative or endo-
scopic treatment seems advisable.

Our study has some limitations. We performed a retrospective analysis of a series 
of patients and scheduled a single prospective QoL measurement in time, preclud-
ing a longitudinal analysis. The possibility that patients had lower VAS pain scores 
preoperatively cannot be ruled out, but it seems highly unlikely, considering the fact 
that all patients were multidisciplinarily indicated to undergo an operation for pain 
due to CP. With respect to one of our main findings (higher numbers of endoscopic 
attempts are associated with poor response to surgery), the nonresponders might 
have been those who initially had greater pain severity and were more likely to seek 
out consultation and accept attempts at endoscopic therapy. Further potential selec-
tion bias may be that patients happy with their treatment responded more willing 
to participate to the follow-up study. This may temper the strength of our findings. 
Nevertheless, this influence is possibly limited because we achieved a very high par-
ticipation rate of 82% of living patients. Finally, we feel that our surgical approach 
tailored to anatomical abnormalities, that is, no head resection when the diameter 
is less than 4 cm is supported by the reported excellent to fair PROs. Still, the retro-
spective nature of our study restricts the level of evidence of this conclusion. How-
ever, we question the theory that patients with a dilated duct and no parenchymal 
enlargement, who according to our policy undergo a PJ, might have done better had 
they undergone a head resection. The potential room for improvement had all drain-
age patients undergone a head resection instead is limited considering their already 
excellent results.

In conclusion, an operative intervention for painful CP, tailored to anatomical 
abnormalities, results in excellent to fair long-term pain relief. To perform surgical 
drainage in the absence of an enlarged head is more likely to preserve pancreatic 
function and as comparable PROs were obtained for resection and drainage proce-
dures in selected patients, this supports a tailored approach. Operative failures may 
not be explained by differences in the underlying anatomical disorder, and a tailored 
surgical approach may thereby have an inherent, although modest, failure rate. This 
failure rate may improve once we achieve a better understanding of the pathogenesis 
of pancreatic neuropathic pain. Surgical intervention may be even more effective 
with respect to long-term outcomes when performed early in the course of disease, 
when the patient suffers from moderate pain levels, and before arriving to the stage of 
necessary administration of opioids. However, future research should be performed 
to investigate this assumption and provide high level of evidence.
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ABSTRACT

Background
The occurrence of pancreatic insufficiency in patients undergoing surgery for pain-
ful chronic pancreatitis was evaluated.

Methods
We performed a systematic literature search. Inclusion criteria were: chronic pan-
creatitis with pain as leading indication to decide for operation; surgical procedures 
including (organ-sparing) pancreatic head resection (Beger, Frey, pancreatoduo-
denectomy), surgical drainage (pancreaticojejunostomy) or distal resection; and pre- 
and postoperative essential outcomes reported. Exclusion criteria were procedures 
other than described under inclusion criteria; cohort included acute pancreatitis; 
experimental or animal studies; auto-immune pancreatitis; tropical chronic pancrea-
titis; patients operated under suspicion of malignancy with pathological specimen of 
chronic pancreatitis.

Results
28 mostly descriptive cohort studies with a total of 1831 patients fulfilled inclusion 
criteria. Follow-up interval to evaluate pancreatic function differed dramatically 
between studies (6 months to 14 years). Preoperative endocrine insufficiency rate 
varied from 22.2 per cent (distal resection), 23.0 per cent (surgical drainage), to 
36.7 per cent (head resection). Postoperative rates were 55.6 per cent, 41.9 per cent, 
and 51.9 per cent respectively. New-onset diabetes following surgery was mainly 
described in studies with follow-up length of more than 2 years. Largest increase 
in exocrine insufficiency following surgery was reported following distal resection 
(35.4 per cent). Head resection was characterized by highest presence of exocrine 
insufficiency (preoperative 56.8 per cent, postoperative 65.3 per cent).

Conclusion
Pancreatic insufficiency comprises significant and progressive comorbidity in 
patients with surgically treated painful chronic pancreatitis. Heterogeneous follow-
up lengths preclude firm conclusions over attributed risk for insufficiency due to 
surgery, or as a consequence of progressive disease over time.
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INTRODUCTION

Chronic pancreatitis is a progressive, inflammatory condition causing irreversible 
damage of pancreatic parenchymal tissue.1 Continuous or (superimposed) acute 
attacks of severe abdominal pain are the main complaint. Development of chronic 
pancreatitis is probably due to a complex interrelationship of etiological factors, the 
most important being toxic-metabolic (alcohol), genetic predisposition and recurrent 
and severe acute pancreatitis.2;3 Besides abdominal pain prolonged disease ultimately 
results in impaired pancreatic function.

Pain in patients with chronic pancreatitis is longstanding and often insufficiently 
controlled by medical interventions. Despite progressive destruction of the gland the 
complaints of pain frequently persist, especially in alcoholic and early-onset idiopathic 
pancreatitis.4;5 Pain is the principle indication to intervene surgically in patients. It 
is well-conceived that the increasing amount of evidence is showing clear benefits of 
surgery over endoscopic therapy in terms of longstanding pain relief and number of 
procedures.6-10 Different surgical options in the management of chronic pancreatitis 
for treatment of pain exist with choice of procedure mainly depending on the mor-
phological features of the pancreas.6 With respect to the presence of an inflammatory 
mass a recent review suggests that more organ-sparing procedures are preferred over 
pure resectional procedures such as the pylorus preserving pancreatoduodenectomy, 
both in terms of clinical outcomes as intraoperative blood replacement, and hospital 
stay, as for medical outcomes as weight gain, and exocrine insufficiency.11

Endocrine insufficiency in chronic pancreatitis results in pancreatogenic diabetes 
and is manifested by a spectrum of abnormal glucose regulation that ranges from 
mild hyperglycemia to secondary organ dysfunction to lethal hypoglycemia una-
wareness.12;13 In patients with alcoholic chronic pancreatitis and insulin dependent 
diabetes mellitus hypoglycemic complications are the main limitations of life expec-
tancy.14 Exocrine pancreatic insufficiency is a serious condition, occurring frequently 
in chronic pancreatitis, and is characterized by an impaired enzyme secretion. The 
lack or absence of pancreatic enzymes leads to an inadequate absorption of fat, pro-
teins, and carbohydrates, causing steatorrhoea and creathorrhea, which results in 
abdominal discomfort, weight loss, and nutritional deficiencies.

This systematic review focused on the incidence of endocrine and exocrine insuf-
ficiency in patients who underwent surgery for painful chronic pancreatitis. The 
primary aim was to determine the proportion of patients that were confronted with 
new-onset insufficiency following surgery.
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mETHODS

Study Selection
A systematic literature search from 1 January 1975 to 31 December 2010 was per-
formed in Embase, MEDLINE and the Cochrane Library. We focused on the most 
regularly performed primary surgical procedures for painful chronic pancreatitis, i.e. 
longitudinal pancreaticojejunostomy (PJ) according to Partington-Rochelle or modi-
fied Puestow, duodenum-preserving pancreatic head resection according to Beger 
(DPPHR-B) or according to Frey (DPPHR-F; pancreatic head coring with longitudi-
nal pancreaticojejunostomy), pancreatoduodenectomy (PD) or its pylorus-preserving 
modification (PPPD), and distal pancreatectomy (DP).

The MEDLINE and Embase search terms were ‘chronic pancreatitis AND (endo-
crine OR exocrine) AND (pancreaticojejunostomy OR pancreatoduodenectomy OR 
frey OR beger OR distal pancreatectomy OR duodenum preserving head resection 
OR surgical drainage)’. Search terms for the Cochrane Library were: ‘pancreatic 
(endocrine OR exocrine) (function OR insufficiency)) AND surgery AND chronic 
pancreatitis’, restricted to title, abstract, and keywords. All titles and abstracts of 
studies identified by the initial search were screened to select those reporting on 
endocrine or exocrine function of patients undergoing any of the mentioned surgi-
cal procedures. Subsequently, full-text papers of the selected studies were screened 
independently by three authors to assess eligibility.

Inclusion criteria were: cohort of adult patients with chronic pancreatitis with 
pain as the leading indication to decide for surgical intervention (>90% of patients); 
surgical procedures including (PP)PD, PJ, DPPHR-B or -F, or DP; and pre- and 
postoperative essential outcomes (either exocrine or endocrine function or both) 
reported. Exclusion criteria were procedures other than described under inclusion 
criteria (e.g. splanchnicectomy, pseudocyst alleviation, total pancreatectomy); differ-
ent indication than pain to operate; cohort included acute pancreatitis; experimental 
or animal studies; auto-immune pancreatitis; tropical chronic pancreatitis; patients 
operated under suspicion of malignancy with pathological specimen of chronic pan-
creatitis; duplicate studies or different studies from a single center with clear overlap 
in analyzed cohort. In the latter case preferably the study with longest follow-up was 
included, on the condition of complete outcome reporting, including (the possibility 
to extract) preoperative values, of included individuals.

All cross-references were screened for potentially relevant studies not identified 
by the initial literature search. The final decision on eligibility was reached by con-
sensus.

Data Extraction
The following variables were extracted, where available, from the included studies: 
number of patients with chronic pancreatitis who underwent either head resection, 
surgical drainage or distal pancreatectomy, type of test of endocrine and/or exocrine 
pancreatic function, study follow-up length, percentage of patients with preopera-
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tive and postoperative endocrine or exocrine insufficiency, percentage of patients 
whose pancreatic function improved after surgery or who developed new-onset insuf-
ficiency, and pre- and postoperative percentage of patients with endocrine insuffi-
ciency who used insulin.

RESULTS

The results of the literature search are summarized in Fig. 1. Of 58 papers that met 
inclusion criteria based on title and abstract, 30 were excluded after reviewing full-
text for the following reasons: significant overlap of study cohorts with included 
publication from same institution (10 studies)15-24, incomplete follow-up (10)25-34, lack 
of or insufficient preoperative values (6)35-40, pain as principle indication to operate 
less than 90% (3)41-43, and summarized outcome reporting, precluding calculation of 
results per surgical procedure (2)9;43. The remaining 27 studies were included in the 
present systematic review.8;44-69 Characteristics of the 28 included studies including 
our own series are summarized in Table 1.

  

Potentially relevant articles identified 
n = 827
Embase n = 202

Studies that met inclusion criteria based on 
title and abstract n = 58

Studies included in this systematic review
n = 28

Studies excluded after reviewing full- text 
articles n = 30

Excluded after reviewing title and abstract 
and removing duplicates n = 770

Figure 1 Study selection.

Study design comprised retrospective45;46;48;50;52;56;58;59;69 non-controlled case series, 
prospective non-controlled series or series employing prospectively maintained data-
bases47;49;51;55;57;60;63-65;68, prospectively controlled case series61;62, prospectively compara-
tive case series66, and RCT8;53;54;67. For randomized studies sample size calculations 
were not based on expected differences of pancreatic function outcome between dif-
ferent treatments. Pancreatic function was generally not a primary outcome measure 
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in study publications, but reported as concomitant finding. Oral glucose tolerance 
test (OGT) and fasting blood glucose (FBG) levels were the most commonly used 
tests to determine whether endocrine insufficiency was present. The spectrum of 
laboratory tests for exocrine function was even more heterogeneous, and in some 
cases only clinical signs of possible insufficiency (steatorrhea) were considered con-
firmative.

Patient Characteristics
The 28 studies included a total of 1831 patients who underwent surgery for painful 
chronic pancreatitis; the number of included patients per study ranged from 7 to 303.

Of the 28 studies 19 reported both endocrine and exocrine function, 8 only endo-
crine function, and 1 only exocrine function. Follow-up ranged from 6 months to 14 
years between studies (weighted mean 4.8 years, median 5.0 years). Head resection 
prevailed as surgical procedure (1155 patients) with the technique according to Beger 
mostly performed (461 patients49;52;53;56;58;61;62;67), followed by pancreatoduodenectomy 
(309 patients50;58;62;65-70), the technique according to Frey (254 patients53;54;58;64-66;69), and 
a modified organ-sparing or V-shaped technique (131 patients60;63). Surgical drainage 
by pancreaticojejunostomy was performed in 452 patients8;44-47;51;55;58;59;61, distal pan-
createctomy or left-sided resection in 234 patients46;48;57;58;65.

Endocrine Function Outcome
Overall preoperative prevalence of endocrine insufficiency was 31.6 per cent (578 of 
1831 patients). The proportion of patients with endocrine insufficiency who under-
went distal resection was 22.2 per cent (52 of 234 patients), 23.0 per cent (102 of 
442 patients) for surgical drainage, and 36.7 per cent (424 of 1155 patients) for head 
resection. Table 2, 3 and 4 display the endocrine function outcomes for these surgi-
cal categories separately. Overall postoperative insufficiency prevalence, unadjusted 
for length of follow-up, was 50.0 per cent (915 of 1831 patients). Rates for the separate 
procedures were 55.6 per cent (130 patients) for distal resection (relative increase com-
pared to preoperative situation 33.3 per cent), 41.9 per cent (185 patients) for surgical 
drainage (relative increase 18.8 per cent), and 51.9 per cent (600 patients) for head 
resection (relative increase 15 per cent). Concerning the latter category patients who 
underwent pancreatoduodenectomy showed the largest increase in insufficiency rate 
postoperatively, 26.9 per cent, whereas organ-sparing procedures had lower rates: 
Beger procedure 10.4 per cent, Frey procedure 16.1 per cent, and modified organ-
sparing head resection 3.1 per cent.

Lowest rates or even absence48;60;61;66 of new onset diabetes following surgery were 
generally reported in studies with short follow-up (2 years or less), and not reported 
after (Figure 2). Improvement in (severity of) preoperatively present endocrine insuf-
ficiency as a consequence of surgery, variably defined as decreased insulin use, 
change from insulin to oral anti-diabetic medication or based on improved labora-
tory tests, was sporadically reported following distal resection and surgical drainage, 
respectively 1.9 per cent (1 of 52 patients) and 2.9 per cent (3 of 102 patients). For head 
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Table 2 Characteristics and endocrine function of patients who underwent distal resection.
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Morrow et al.46 21 5 6(29) 10(48) 0 4(27) 10(100)
Pap et al.48 11 2 9(82) 9(82) 0 0 4(44)
Schoenberg et al.57 58 4,8 20(34) 28(48) 0 8(21) NR
Sakorafas et al.58 101 7,9 9(9) 57(56) 0 48(52) NR
Riediger et al.65 21 4,7 4(19) 12(57) 1(25) 9(53) NR
Van Der Gaag et al. 22 5,8 4(18) 14(64) 0 10(56) 10(71)

Values in parentheses are percentages of *total number of patients, of †preoperative insufficient 
patients, of ‡preoperative sufficient patients, and of ¶postoperative insufficient patients.
NR, not reported; NA, not applicable.

Table 3 Characteristics and endocrine function of patients who underwent surgical drainage 
(pancreaticojejunostomy).
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Warshaw et al.44 10 1 3(30) 5(50) 0 2(29) 4(80)
Prinz et al.45 87 7,9 34(39) 45(52) 0 11(21) 24(53)
Morrow et al.46 46 5 11(24) 27(59) 0 16(46) 27(100)
Nealon et al.51 30 1,3 11(37) 14(47) 0 3(16) NR
Kovács et al.55 20 1,8 4(20) 5(25) 0 1(6) NR
Sakorafas et al.58 89 8 9(10) 29(33) 0 20(25) NR
Madura et al.59 35 1 3(9) 4(11) 0 1(3) 2(50)
Maartense et al.61 12 1,3 5(42) 3(25) 2(40) 0 0
Cahen et al.8 20 2 4(20) 5(25) 0 1(6) NR
Van Der Gaag et al. 93 5,9 18(19) 48(52) 1(6) 31(41) 30(63)

Values in parentheses are percentages of *total number of patients, of †preoperative insufficient 
patients, of ‡preoperative sufficient patients, and of ¶postoperative insufficient patients.
NR, not reported; NA, not applicable.
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Table 4 Characteristics and endocrine function of patients who underwent head resection.

Reference N
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Kerremans et al.49 12 dpphr-b 2,7 1(8) 6(50) 0 5(45) 6(100)
Mannell et al.50 9 pppd 8,5 1(11) 3(33) 0 2(25) NR
Ikenaga et al.52 41 dpphr-b 3 37(90) 31(76) 9(24) 2(50) 10(32)
Izbicki (I) et al.53 22 dpphr-f 1,5 18(82) 19(86) 0 1(25) 8(42)
  20 dpphr-b 1,5 17(85) 18(90) 0 1(33) 9(50)
Izbicki (II) et al.54 31 dpphr-f 2 9(29) 8(26) 3(33) 2(9) 8(100)
  30 pppd 2 8(27) 11(37) 0 3(14) 11(100)
Beger et al.56 303 dpphr-b 5,7 154(51) 185(61) 34(22) 65(44) 134(72)
Sakorafas et al.58 83 pppd 6,6 7(8) 40(48) 0 33(43) NR
  3 dpphr-f 4,6 0 0 NA NA NA
  1 dpphr-b 1,3 0 0 NA NA NA
Witzigmann et al.62 32 pppd 2,9 6(19) 16(50) 0 10(38) 8(50)
  38 dpphr-b 2,7 8(21) 13(34) 0 5(17) 6(46)
Farkas et al.60 94 dpphr-m 2 16(17) 16(17) 4(25) 0 8(50)
Maartense et al.61 27 dpphr-b 1,3 18(67) 24(89) 0 6(67) 9(38)
Pessaux et al.64 34 dpphr-f 1,3 4(12) 11(32) 0 7(23) 5(45)
Yekebas et al.63 37 dpphr-m 6,9 12(32) 16(43) 0 4(16) 4(25)
Chiang et al.66 25 dpphr-f 0,5 17(68) 16(64) 1(6) 0 4(25)
  17 pppd 0,5 13(76) 12(71) 1(8) 0 4(33)
Riediger et al.65 92 dpphr-f 4,7 32(35) 54(59) 2(6) 24(40) NR
  109 pppd 4,7 28(26) 52(48) 2(7) 24(30) NR
Litwin et al.68 7 pppd 0,5 0 3(43) NA 3(43) NR
Muller et al.67 15 dpphr-b 14 4(27) 7(47) 1(25) 4(36) 7(100)
  14 pppd 14 5(36) 11(79) 0 6(67) 11(100)
Van Der Gaag et al. 2 pppd 4,3 0 0 NA NA NA
  4 dpphr-b 4,1 0 3(75) NA 3(75) 2(67)
  17 dpphr-f 3,7 3(18) 13(76) 0 10(71) 8(62)
Hildebrand et al.69 30 dpphr-f 4,2 5(17) 8(27) 2(40) 5(20) 8(100)
  6 pppd 4,2 1(17) 4(67) 0 3(60) 4(100)

Values in parentheses are percentages of *total number of patients, of †preoperative insufficient 
patients, of ‡preoperative sufficient patients, and of ¶postoperative insufficient patients.
NR, not reported; NA, not applicable; (PP)PD, (pylorus-preserving) pancreatoduodenectomy; DPPHR, 
duodenum preserving pancreatic head resection, (F) according to Frey, (B) according to Beger, (M) 
modified.
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resection the calculated improvement rate was 13.9 per cent (59 of 424 patients) with 
the connotation that the figure was largely determined by a single study56. From 
studies that reported on medication use for patients who suffered from diabetes at 
follow-up we derived percentages of insulin use. Proportions were 72.7 per cent (24 
of 33 patients) for distal resection, 65.9 per cent (87 of 132 patients) for surgical drain-
age, and 61.1 per cent (274 of 448 patients) for head resection.

Figure 2  Proportion of patients (with standard error) of each study designated with new-onset 
diabetes following pancreatic head resection (pancreatoduodenectomy, duodenum-
preserving head resection), surgical drainage (pancreaticojejunostomy) or distal 
pancreatectomy for chronic pancreatitis. Studies are plotted by increasing follow-up 
length.

Exocrine Function Outcome
Definition of exocrine insufficiency was based on more heterogeneous laboratory 
tests compared to endocrine function, or frequently based even only on presence 
of clinical symptoms44;45;50;52;55;59;65;67;69 (steatorrhea, administration (in amount of) 
enzyme replacement therapy). Careful interpretation of given figures is therefore 
warranted. Figures of individual studies are provided in the online supplement. 
Overall prevalence of exocrine insufficiency prior to surgery was 45.2 per cent (665 
of 1471 available patients). Surgical entity rates were 15.2 per cent (25 of 164 patients) 
for patients who underwent distal resection, 33.0 per cent (142 of 430 patients) for 
surgical drainage, and 56.8 per cent (498 of 877 patients) for head resection. Overall 
postoperative prevalence of exocrine insufficiency, unadjusted for length of follow-
up, was 59.3 per cent (872 of 1471 patients). Postoperative rates were 50.6 per cent 
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(83 patients) for distal resection (relative increase compared to preoperative situation 
35.4 per cent), 50.2 per cent (216 patients) for surgical drainage (relative increase 17.2 
per cent), and 65.3 per cent (573 patients) for head resection (relative increase 8.9 per 
cent). Only for the Beger procedure an improvement following surgery was reported, 
from 83.4 per cent preoperatively insufficiency to 70.9 per cent postoperatively, 
albeit again largely determined by a single study.56 Insufficiency rate for patients who 
underwent a Frey procedure increased with 15.5 per cent, the only series who evalu-
ated exocrine function after a modified head resection remained equal compared to 
preoperatively (29.7 per cent). Equal to endocrine function patients who underwent 
pancreatoduodenectomy showed the largest increase, 29.3 per cent.

DISCUSSION

This study reviewed available, largely descriptive literature that reported on pancreatic 
function before and after the most common surgical procedures for painful chronic 
pancreatitis. Up to a third of patients indicated to undergo surgery for pain already 
has been affected by endocrine insufficiency prior to surgery. Depending on type 
of surgical procedure and length of follow-up measurement figures rise to around 
40 to 50 per cent after surgery. Improvement to some extent is reported but rare. 
The occurrence of new-onset diabetes seems lowest within two years after surgery, 
increasing rates are reported in studies with longer follow-up. Of patients who suffer 
from diabetes at follow-up the large majority, around two-third, is insulin dependent. 
Exocrine insufficiency is preoperatively present in around 15 per cent of patients who 
undergo distal resection, up to 50 per cent for head resection. Postoperative figures 
range from 50 to 65 per cent. However, overall reports, definitions of improvement 
and length of follow-up are highly variable between studies, which warrants careful 
interpretation of these figures.

The overall prevalence of endocrine insufficiency of 31.6 per cent prior to surgery 
is considerable. After surgery one out of every two patients with surgically treated 
chronic pancreatitis has become endocrine insufficient, of whom the majority is 
insulin dependent. Considering the fact that the spectrum of abnormal glucose 
regulation can range from mild hyperglycemia to secondary end-organ failure and 
to lethal hypoglycemia unawareness, this finding signifies major comorbidity and a 
potentially more severe risk than exocrine insufficiency.71 A recent review showed 
that, when some kind of resection procedure is indicated for pancreatic head dis-
ease in CP, the more organ-sparing variants like the Frey or Beger procedure, are 
preferred over pancreatoduodenectomy for their favorable effects on pancreatic func-
tion.72 Accordingly we found that patients who underwent pancreatoduodenectomy 
had the highest increase in both endocrine and exocrine pancreatic insufficiency. 
These descriptive results reconfirm that, whenever a resection procedure is indicated 
for painful pancreatic surgery, the more organ-sparing variants are preferred over 
pancreatoduodenectomy from the perspective of pancreatic function preservation. 
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Whether these observations will hold in a head-to-head prospective comparison is 
under investigation in a randomized controlled multicentre trial.73

In chronic pancreatitis patients with exocrine dysfunction maldigestion of die-
tary macronutrients (fat, proteins and carbohydrates) leads to malnutrition, which is 
associated with various health problems. Maldigestion of fat results in steatorrhoea, 
which causes symptoms such as greyish, fatty stools, abdominal cramps, bloating 
and chronic abdominal pain. Furthermore, steatorrhoea may cause weight loss. In 
this review overall prevalence of exocrine insufficiency before and after surgery was 
higher than endocrine insufficiency, but the figures as we could extract from the 
included studies are to be interpreted with caution. A number of studies did not 
report the method of laboratory testing of pancreatic exocrine function, if employed 
at all. Frequently this diagnosis was established based on clinical markers steator-
rhoea or need for or response to pancreatic enzyme suppletion therapy with respect 
to abdominal pain or malabsorption. Non-invasive tests such as fecal fat and fecal 
chymotrypsin test are known to be less reliable to evaluate insufficiency, while fecal 
elastase measurement is thought to be only reliable in severe insufficiency.74 Better 
tests such as the 13C-MTG breath test was not used, the more invasive Lund test meal 
only in one study.48;74 Therefore, the reported insufficiency numbers in this review 
should be considered only indicative for this health problem.

Long-term exocrine or endocrine insufficiency in chronic pancreatitis patients 
treated surgically is thought to be due to the surgical intervention as well as the pro-
gression of the underlying disease.75 The timing of intervention may be another fac-
tor that determines the extent of pancreatic insufficiency. In an experimental study 
using a porcine model it was found that early surgical drainage resulted in a marked 
improvement in histopathology grades and pancreatic exocrine function as opposed 
to the late surgical drainage group.76 A group from Texas proposed a policy of early 
surgery before development of irreversible functional impairment leading to endo-
crine or exocrine insufficiency occurs.77 The authors found that surgery in their clini-
cal series of surgical drainage could halt progression of disease. Time interval from 
initial complaints to surgery could not be extracted from included studies in this 
review. Moreover, the highly variable follow-up length obscures observations to what 
extent insufficiency is due to surgery, or whether insufficiency is merely the inherent 
result of progressive, chronic disease. These confounders limit drawing firm con-
clusions. In our opinion this finding underlines the necessity that these factors are 
addressed in future publications for transparent interpretation of the consequences 
of surgical intervention for chronic pancreatitis. Proper nationwide (new case) dis-
ease registration, as has been initiated in The Netherlands, is mandatory to monitor 
these parameters. A randomized trial that is evaluating the result of early surgical 
intervention versus a conservative step-up approach is currently recruiting.78

Development of endoscopic techniques such as endoscopic shockwave lithotripsy 
for pancreatic duct stones and advanced stenting techniques have led to widespread 
use of endoscopy as first-line treatment for pain due to chronic pancreatitis not 
responding to medication. Theoretically this minimal-invasive therapy, compared 
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to invasive surgical procedures, could have less side-effects in terms of induction 
of new-onset pancreatic insufficiency or aggravation of existing insufficiency. How-
ever, the initial enthusiasm over endoscopy has been dampened down, because of 
disappointing long-lasting results in achieving pain relief, the prime indication to 
intervene in the course of disease of chronic pancreatitis. A review on surgical versus 
endoscopic pancreatic duct drainage for painful chronic pancreatitis, as well as a ran-
domized controlled trial, that directly compared endoscopy versus surgery, demon-
strated less pain relief of shorter endurance in patients who underwent endoscopy.6;8 
Recently published long-term results of the randomized trial were not any different, 
and, moreover, almost half of the patients in the endoscopy group eventually under-
went surgery.79 An analysis of the series from the Academic Medical Center demon-
strated that poor response to surgical treatment for chronic pancreatitis in terms of 
pain relief and good quality of life was related to increasing numbers of stenting pro-
cedures prior to surgery.[ref Van der Gaag] Therefore, endoscopy cannot any longer 
be considered a comparative alternative to treat painful chronic pancreatitis, and, 
thus not an option to prevent or limit pancreatic insufficiency.

A limitation of the present systematic review is that many of the included stud-
ies were descriptive and retrospective in which pancreatic function was generally 
reported as coincidental outcome. Extensive variation in employed laboratory tests to 
measure function, different definitions of insufficiency and highly variable follow-up 
length precludes definite conclusions to be drawn. A formal assessment of methodo-
logical quality could not be performed because many papers did not provide enough 
detailed information for such an assessment.80

Nevertheless, this review presents the most extensive evaluation of the heavy 
disease burden of pancreatic insufficiency that coincides with pain in patients with 
advanced chronic pancreatitis, who undergo surgery as a salvage procedure.
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ABSTRACT

Background
When clinically suspected a negative computed tomography (CT) does not fully 
exclude a tumor in the pancreatic head. The accuracy of a diagnostic strategy with 
conditional endoscopic ultrasound (EUS), serving as add-on test only after negative 
or inconclusive CT, has not been evaluated.

Methods
Retrospective analysis of tertiary referred patients, who had a suspected pancreatic 
head lesion without signs of unresectability on CT. We evaluated diagnostic accuracy 
of EUS after inconclusive CT and EUS after inconclusive or negative CT. We com-
pared results with a single imaging strategy (CT only).

Results
CT detected a solid lesion in 198 (59%) of 335 included patients, of whom 189 (95%) 
had a (pre)malignant lesion. CT was inconclusive or negative in 137 (41%) patients. 
In 106 (77%) of them EUS was performed, which was positive in 63 (59%), of whom 
53 (84%) had a (pre)malignant lesion. In the 43 cases where EUS did not demon-
strate a lesion 10 (23%) had a (pre)malignant lesion. Sensitivity of a strategy with EUS 
after inconclusive CT was 90%. A strategy with EUS after inconclusive or negative 
CT resulted in the largest increase of sensitivity compared to CT only (96 vs. 75%, 
p<0.001).

Conclusions
A diagnostic strategy for detecting solid pancreatic lesions with application of EUS as 
add-on test after inconclusive or negative CT results in a significant gain of accuracy. 
Although the likelihood is very low repeat EUS investigations should be planned 
when both tests are negative, because this does not completely rule out (pre)malig-
nancy.
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INTRODUCTION

Adenocarcinoma comprise the majority of pancreatic neoplasms and are a leading 
cause of cancer death in the Western world.1 Metastatic disease or extensive locore-
gional ingrowth at the time of presentation precludes a curative surgical treatment 
in most patients. Early and accurate imaging is a prerequisite to identify potentially 
resectable lesions, but also avoids unnecessary surgery for incurable, or absent dis-
ease. Surveillance programs in well-defined, high-risk groups of patients could 
enhance the number of potential candidates for surgery.2-4

The most widely available test for the detection and staging of suspected pancre-
atic and periampullary malignancies is helical contrast-enhanced computed tomog-
raphy (CT). A meta-analysis, comparing transabdominal ultrasonography (US), CT, 
and magnetic resonance imaging (MRI) for identifying pancreatic adenocarcinoma 
and resectability assessment confirmed that helical CT had highest diagnostic 
accurarcy.5 CT sensitivity was estimated at 91%, which implicates that a negative CT 
does not rule out a solid pancreatic or periampullary (pre)malignancy.

Endoscopic ultrasonography (EUS) is a technique with superior visualization of 
the pancreas. Its use in the diagnosis and locoregional staging of suspected pancre-
atic head tumors has been widely evaluated. Although initially reported as highly 
accurate, the accuracy of EUS in diagnosing pancreatic cancer appeared to be vari-
able in more recent reports.6-14 These discrepancies are largely explained by differ-
ences in patient selection and operator experience. Furthermore, CT is widely avail-
able, is submerged to ongoing technical improvements and offers the ability to assess 
distant metastasis. Therefore, EUS is unlikely to replace CT, but rather to serve as 
an add-on test after a negative CT. Add-on tests can increase the sensitivity of the 
existing pathway, possibly at the expense of specificity.15;16 So far, EUS has not been 
evaluated for this specific role.

The aim of the present study was to estimate the accuracy of a diagnostic strategy 
with EUS as add-on test after a negative or inconclusive CT in detection of a solid 
(pre)malignancy in the pancreatic head.

mETHODS

Patients
The study was performed at the Academic Medical Center, a referral center for treat-
ment of hepatopancreaticobiliary diseases. Patients were identified from two pro-
spective databases; the surgery department database, which records data of all explo-
rations for pancreatic diseases, and the endoscopic reports database (Endobase®) of 
the gastroenterology department, containing all EUS procedures.

We included patients with a clinical suspicion of a solid pancreatic head or periam-
pullary mass (e.g. obstructive jaundice, epigastric pain, weight loss etc., specific labo-
ratory values or transabdominal ultrasound findings), who had no evidence on CT (ref-
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erence test) of unresectable disease (distant metastasis or local vascular involvement, 
defined as tumor surrounding portal or mesenteric vessels for more than 180 degrees 
of their circumference or an irregular vessel margin). The presence of a biliary stent 
to relieve obstructive jaundice was not a contraindication for inclusion. Because our 
hospital serves as a tertiary referral center, the number of patients with unresectable 
disease is generally low. Exclusion criteria were patients with a cystic tumor, EUS for 
vascular assessment, EUS for fine-needle aspiration cytology, EUS performed prior 
to high quality CT, and EUS performed elsewhere. Availability of malignant brush 
or biopsy obtained by endoscopic retrograde cholangiography in referral centers was 
another exclusion criterion for the present study, since this was a reason to proceed 
directly to surgical exploration after CT, without exerting further diagnostics.

In our center no attempts are made to obtain cytological or histological proof of 
malignancy preoperatively in patients with a pancreatic mass lesion. The decision 
whether to operate on patients was generally made in multidisciplinary meetings 
with all clinical and imaging data available.

Multislice Spiral Computed Tomography
CT was considered of sufficient quality when a multidetector arterial and portal 
venous scans were obtained after administration of intravenous contrast with thin 
slices of 2-3 mm without artefacts. Scans performed in referring hospitals that met 
these standards were routinely reread by an experienced hepatopancreaticobiliary 
radiologist. In case of insufficient quality CT examination was repeated. From the CT 
investigation we recorded (i) tumor size; (ii) presence of infiltration of peripancreatic 
fat planes (hepatic-duodenal ligament and mesentery); (iii) encasement of the portal 
or superior mesenteric vein, measured in three categories of circumferential involve-
ment (<90 degrees, 90–180 degrees, >180 degrees); (iv) involvement of the hepatic 
artery and the superior mesenteric artery; (v) suspected liver metastases; and (vi) 
distant lymph nodes larger than 1 cm.17 The radiologist reading the CT images had 
knowledge of all clinical information.

Endoscopic Ultrasound
EUS was performed with a linear scope, or a rotating sector scanner, the Olympus 
GF-UM20 or GF-UM130 (Olympus Optical, Tokyo, Japan) using frequencies of both 
7.5 and 12 MHz, depending on the preference of the endoscopist. In the latter case a 
water-filled balloon was fitted around the transducer. EUS examinations were almost 
exclusively performed by two gastroenterologists (M.J.B., P.F.), experienced in endo-
scopic procedures for pancreatic diseases. At the time of the EUS investigation the 
attending endoscopist was aware of the clinical information and the CT findings.

Reference Standard
A (pre)malignancy was defined as pathology proven (after surgical exploration) pan-
creatic, ampullary or distal common bile duct adenocarcinoma, villous adenoma, 
cystic tumor with malignant potential (intraductal papillary mucinous neoplasia, 
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mucinous cyst, solid and papillary epithelial neoplasm [Hamoudi]), renal cell car-
cinoma metastasis, neuroendocrine tumor or death due to disease (biopsy-proven) 
at follow-up in case no exploration was carried out. Benign outcome was defined as 
pathology proven (after surgical exploration), (focal) chronic pancreatitis or cholan-
gitis, or disease free survival of at least 12 months of follow-up in case no exploration 
was performed.

Data Interpretation and Statistical Analysis
Results of CT and EUS were classified as negative, inconclusive, or positive. We 
defined results of imaging to be inconclusive if no radiological diagnosis was made, 
i.e. no visualization of the mass, but only one or more of the following ‘secondary 
signs’ of a tumor were present; an inhomogeneous pancreatic head, enlarged pan-
creatic head, common bile duct (CBD) and/or pancreatic duct (PD) dilatation, CBD or 
duodenal wall thickening.

We compared three different imaging strategies for detecting a solid (pre)malig-
nant lesion; a CT only strategy, EUS if CT inconclusive, and EUS if CT negative or 
inconclusive. For the different strategies sensitivity and specificity were calculated by 
comparing the results of the strategy with the final pathological or follow-up diag-
nosis. We calculated the percentage of missed cases (1-sensitivity), and the percent-
age of false positives (1-positive predictive value). The accuracy of the strategies was 
plotted in a receiver operator characteristics (ROC) space. The difference in accuracy 
of strategies was calculated by direct comparison of the positive and negative likeli-
hood ratios (LRs) of a CT only and EUS if CT negative or inconclusive strategy, as 
described by Macaskill.15 The threshold for statistical significance was defined as a 
P-value <0.05. All analyses were carried out using SPSS version 17.0.1.

RESULTS

Patient Characteristics
A series of 587 patients, referred between April 2001 and June 2007, was evaluated. 
After applying the inclusion criteria data from 335 patients could be analyzed for the 
present study, for we had to exclude 252 patients (101 malignant brush or biopsy, 66 
EUS performed prior to CT, 54 cystic tumor on CT, 15 referral CT of inferior quality, 
13 EUS for vascular assessment, 2 EUS performed elsewhere, 1 EUS technical failure).

Table 1 displays clinical-pathological characteristics. Pancreatic and periampul-
lary adenocarcinoma were grouped, since differentiation by tumor origin for those 
who did not undergo resection is generally not possible on tumor biopsies or fro-
zen section alone. Of the 335 patients, 294 (88%) underwent surgical exploration. 
The median follow-up of patients who did not undergo surgery was 34 (interquartile 
range [IQR] 17-53) months. The median time from CT to surgical exploration was 56 
(IQR 41-77) days. Interval between CT and EUS was 19 (IQR 10-32) days. No adverse 
events had occurred after either test.
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Table 1 Demographic and clinical characteristics.

variables (N=335)

Age mean – yr 62±11.6
Female sex – no. (%) 126 (38)
Reported symptoms

Weight loss– no. (%) 202 (60)
Weight loss – median kg. (IQR) 5 (3-10)

Epigastric pain – no. (%) 110 (33)
Obstructive jaundice – no. (%) 261 (78)
Recent onset diabetes – no. (%) 21 (6)
History of (chronic) pancreatitis – no. (%) 21 (6)
PBD via ERC/PTC – no. (%) 239 (71)
Underlying pathology – no. (%)*

Pancreatic/periampullary adenocarcinoma 250 (75)
Chronic pancreatitis / cholangitis 37 (11)
No abnormality 19 (6)
Neuroendocrine tumor 11 (3)
Cystic tumor 8 (2)
Ampullary or duodenal villous adenoma 5 (2)
Metastatic renal cell carcinoma 3 (1)
Choledocholithiasis 2 (1)
Total malignant 277 (83)

Plus-minus values are means ±SD. IQR denotes interquartile range.
CI confidence interval. PBD preoperative biliary drainage.
ERC endoscopic retrograde cholangiography. PTC percutaneous transhepatic cholangiography.
* Diagnosed during surgery with frozen section (when not resected), at pathological investigation 

(after resection) or with (endoscopic) biopsies in cases where surgery was deferred, or during 
follow-up.

335 patientshad CT scan

Positive test
N = 198 (59%) 

Inconclusive test
N = 96 (29%) 

Negative test
N = 41 (12%) 

71 had EUS 35 had EUS

25 no 
EUS

6 no 
EUS

Positive test
N = 46 (65%) 

Negative test
N = 25 (35%) 

Positive test
N = 17 (49%) 

Negative test
N = 18 (51%) 

Figure 1 Flowchart of study population with test results for different strategies (CT, CT+EUS).
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Patient Flow and Treatment Outcome
Figure 1 shows the flowchart of the study group with test results. We evaluated 
166 (49.6%) internal and 169 (50.4%) external CT-scans from referral centers. CT 
detected a solid lesion in 198 patients (59%), was inconclusive in 96 (29%), and nega-
tive in 41 patients (12%). EUS was performed in 71 patients with an inconclusive CT 
and in 35 with a negative CT (total 106), while 31 cases proceeded directly to surgical 
exploration after negative or inconclusive CT. Median tumor size on CT (positive test) 
was 2.5 centimeter (IQR 2.0-3.5), median tumor size on EUS (positive EUS test) was 
1.8 (IQR 1.4-2.1).

Table 2 shows treatment and pathological variables of groups discerned by CT 
result. Patients that had a positive CT had the highest rates of confirmed (pre)malig-
nant lesions, whereas patients with a negative CT had the lowest rates, but not zero. 
Patients with a positive CT also had the highest rate of pancreatic or periampul-
lary adenocarcinoma with an associated higher rate of residual tumor at the resec-
tion margin (R1) compared to negative or inconclusive CT. A conservative treatment 
approach was only followed in 4% of patients with positive CT, while almost half of 
patients with negative CT did not undergo surgery, but close surveillance.

Table 2 Treatment and pathological outcome according to patient flow with respect to CT 
result.

  CT positive
CT 

inconclusive CT negative
Characteristic (n=198) (n=96) (n=41)

Treatment variables
Resection– no. (%) 98 (59) 58 (60) 18 (43)
Palliative bypass procedure or exploration– no. (%) 92 (47) 22 (23) 6 (15)
No surgery– no. (%) 8 (4) 16 (17) 17 (42)

Pathological variables
(Pre)malignant lesion– no. (%) 189 (96) 66 (69) 22 (54)
Pancreatic or periampullary adenocarcinoma– no. (%) 163 (82) 62 (65) 16 (39)
Other diagnosis– no. (%) 35 (18) 34 (35) 25 (61)
Microscopically residual disease (R1) – no. (%)* 25 (35) 9 (23) 1 (10)

* figures applicable to resected pancreatic or periampullary adenocarcinoma.

Diagnostic Accuracy
Of the 106 (59%) patients who underwent EUS after inconclusive or negative CT EUS 
was positive in 63 (46 patients after inconclusive, 17 after negative CT) of whom 53 
(77%) had a (pre)malignant lesion (Figure 1). False positive EUS conclusions were 
focal chronic pancreatitis (n=7), and possible (pre)malignancy (n=3). The latter 3 
underwent surveillance with repeated EUS and had complete resolution of symp-
toms. Of the 43 patients in whom EUS was negative (25 after inconclusive CT, 18 
after negative CT) 10 patients still appeared to have a (pre)malignant lesion. False 
negative EUS conclusions were chronic pancreatitis (n=1), no pathology (n=1), and 
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inconclusive arguments for (pre)malignancy (n=8). Among the 43 patients with a 
negative EUS 16 had a biliary stent in place at the time of investigation and 29 did 
not. The false negative EUS conclusion rate was higher in the group with biliary stent 
compared to those without, 43% (6/16) versus 14% (4/29) respectively (P 0.04).

Table 3 Diagnostic accuracy of each imaging strategy for solid pancreatic or periampullary 
(pre)malignancy. Percentages (with 95% confidence intervals for sensitivity and 
specificity) and absolute numbers are given.

  Sensitivity Specificity missed cases False positives
Strategy % n % n % n % n 

Single imaging strategy
Computed tomography in 
all patients

0.75 
(0.70-0.80)

189 0.83 
(0.72-0.93)

43 0.25 63/252 0.05 9/198

Conditional strategy
CT in all patients; EUS only 
if CT inconclusive

0.90 
(0.86-0.94)

227 0.67 
(0.55-0.80)

35 0.10 25/252 0.07 17/244

CT in all patients; EUS if CT 
negative or inconclusive

0.96  
(0.94-0.98)

242 0.63 
(0.50-0.77)

33 0.04 10/252 0.07 19/261

Figure 2  Sensitivity and 1-specificity for a CT-only strategy (open triangle), EUS if CT 
inconclusive strategy (closed triangle), and a EUS if CT negative or inconclusive 
strategy (closed square) are shown in a ROC plot.
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Table 3 shows the diagnostic accuracy results for a CT only and for the CT with 
conditional EUS strategy. Figure 2 shows these results in a receiver operating char-
acteristics space. Application of EUS after an inconclusive CT result had a sensitiv-
ity of 0.90 (95% CI: 0.86-0.94) versus 0.75 (95% CI: 0.70-0.80) for CT only, while 
specificity was 0.67 (95% CI: 0.55-0.80) versus 0.83 (95% CI: 0.72-0.93), respectively. 
This conditional strategy would result in a significantly lower number of missed (pre)
malignancies compared with CT only: 10% versus 25%. Application of EUS after a 
negative or inconclusive CT would further increase the sensitivity to 0.96 (95% CI: 
0.94-0.98), significantly better compared to CT only (P<0.001), and reduce the num-
ber of missed diagnoses to 4%. The positive likelihood ratio of CT plus EUS (after 
negative or inconclusive CT) strategy was 2.63 (95% CI: 1.84-3.76) versus 4.33 (95% 
CI: 2.38-7.88) for CT only, the negative likelihood ratio was 0.06 (95% CI: 0.03-0.12) 
versus 0.30 (95% CI: 0.24-0.39).

DISCUSSION

The aim of a diagnostic test is differentiating patients with disease from those with-
out. Its implications depend on the target condition and treatment consequences of 
a positive test. In case of pancreatic cancer this implicates not withholding a poten-
tially curative resection from eligible patients, but also sparing those without disease 
a futile laparotomy with associated morbidity. The present study demonstrates that 
using EUS as add-on test after negative or inconclusive CT in the diagnostic algo-
rithm for detection of a solid (pre)malignancy in the pancreatic head results in a 
significant gain of diagnostic accuracy.

Earlier studies reported an advantage of EUS over CT and MRI in diagnosing and 
staging pancreatic tumors for its high accuracy.6;7;18;19 Some studies have even argued 
to use EUS as the initial modality in the diagnostic algorithm.20-22 More recent stud-
ies have dampened down these expectations because of variable results from stud-
ies comparing CT and EUS.8;9;23 The likelihood of publication bias, which usually 
accompanies the introduction of any new technology that challenges established pro-
cedures, might explain the previously reported high success rates of EUS.24 The accu-
racy of EUS also appeared to be significantly lower when examiners were blinded to 
clinical information and previous test outcomes.24 In this paper we investigated the 
use of EUS as add-on test , i.e. an extra test positioned after an existing diagnostic 
pathway, in this case in a subgroup of patients with a negative CT. We evaluated the 
added value of EUS, rather than expressing accuracy in terms of level of agreement 
with CT, as was done in previous studies. Pursuing proper blinding to either test for 
fair comparison is not an issue in our study design.

We defined the added value of EUS to the diagnostic algorithm for suspected 
pancreatic head tumors with respect to lesion detection. We have not investigated the 
role of EUS in staging disease. Prospectively established criteria for resectability with 
respect to graded vascular invasion exist for CT, but not for EUS.25;26 In fact, EUS is 
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known to be unreliable for assessment of tumor involvement of the superior mesen-
teric artery. The value of EUS-guided fine-needle aspiration in the preoperative algo-
rithm is limited; microscopic involvement of local nodes is not a contraindication for 
surgical exploration. In our center only suspicious distant para-aortal nodes prompt 
for further investigation. Histology to confirm diagnosis of the primary, potentially 
resectable lesion is not indicated, as malignancy cannot be ruled out with adequate 
reliability in case of a negative test result.27

The accuracy of a diagnostic test varies with disease prevalence in the popula-
tion that is under study.28 The prevalence, in turn, varies with differences in patient 
spectrum and referral filter. A general awareness of these characteristics is manda-
tory for proper translation of study results into local clinical practice. In this study 
we included a cohort of patients referred for diagnosis and treatment for a suspected 
solid pancreatic head tumor. Although we excluded certain conditions (e.g. cystic 
lesions, positive brush cytology)we consider the patient spectrum to be a realistic 
representation of our tertiary clinical practice. Narrow patient inclusion could limit 
test challenge with a test that may seem to perform better due to an artificially raised 
prevalence of the target condition in the study population.29 Furthermore, such a 
post-hoc analysis does not accurately reflect the preoperative clinical situation, when 
making the right diagnosis is most difficult.

Test accuracy also depends on severity of disease at presentation. The best EUS 
results for pancreatic and esophageal cancer have been reported in series with a 
high number of cases with advanced disease stages (T3/4).24;30-32 One might question 
whether these advanced lesions would not already have been detected by CT. Lesions 
detected by CT likely represent advanced cases, illustrated in our series by a higher 
incidence of unresectable lesions and lower rates of tumor-free resection margins, 
compared to patients with inconclusive or negative CT. This also explains a higher 
positive likelihood ratio for the CT only strategy; when the test is positive chances are 
highest for (pre)malignancy. With respect to a CT with EUS strategy, this resulted in 
a better negative likelihood ratio; when both tests are negative chances are lowest for 
(pre)malignancy. The initial sensitivity of 71% of CT in lesion detection in the pre-
sent series is somewhat lower compared to the reported sensitivity of helical CT in a 
meta-analysis.5 An explanation could be that in the present tertiary referral series the 
proportion of unresectable (i.e. advanced) cases was relatively low compared to the 
meta-analysis, thus lowering the detection rate.

The study was performed in a tertiary, high volume center with a relatively high 
number of potential resectable cases. Concerning the latter, one could propose that 
the diagnostic work-up of these patients, including EUS, should be performed in 
an expert center. The relation between volume and quality of outcome is well estab-
lished and widely recognized.33;34 The fact that the presence of a biliary stent seems 
to interfere with image quality in this series, both on CT and EUS, has been noticed 
by others too.35 Biliary stenting contributes to local inflammation and obscures CT 
and EUS visualization. Therefore, EUS should be performed only after adequate CT 
imaging, and before biliary drainage. In our tertiary referral population the rate of 
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biliary stenting was 71%. Considering the fact that biliary stenting to attempt preop-
erative biliary drainage (PBD) now indisputably has been demonstrated to be associ-
ated with unacceptable high morbidity such high biliary stenting rates are likely to 
decline.36 Thus, lower rates of PBD could further increase EUS accuracy.

The primary goal of our study was to evaluate the accuracy of a diagnostic strategy 
using CT as the primary imaging modality with EUS as add-on test in CT negative 
or inconclusive cases only. Despite both tests being negative in 43 patients, 17 cases 
proceeded to surgical exploration, suggesting a discrepancy in the recognition of 
EUS results and clinical decision making. Possibly the fear of withholding a patient a 
potentially curative treatment in case of an obscure lesion explains this observation. 
Repeat EUS investigations after an initial negative result might preclude an unneces-
sary laparotomy. Although it was not the aim of our study one may hypothesize that 
EUS for lesion detection is not necessary after a positive CT considering the very 
high positive malignancy likelihood.

Some potential limitations of our study have to be acknowledged. The number of 
patients with negative or inconclusive CT that underwent EUS was relatively small. 
Data had to be collected retrospectively, the diagnostic and treatment considerations 
in individual cases could not always be fully reconstructed, and protocol adherence 
was not monitored. The reference standard was based on a variety of sources. A 
number of patients had benign disease, for which an event-free follow-up of twelve 
months was considered confirmative.

In conclusion, we demonstrated that EUS as add-on test after negative or incon-
clusive CT for detection of a solid pancreatic or periampullary (pre)malignancy pro-
vides a significant gain of accuracy, but that a negative EUS after a negative CT does 
not completely rule out (pre)malignancy. This is the first study that evaluates and 
validates the optimal diagnostic algorithm for solid pancreatic head lesion detection. 
Future studies should externally validate these results, and might also address cost-
effectiveness of this strategy.37
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ABSTRACT

Background
Lymphatic dissemination is an important predictor of survival in patients with ade-
nocarcinoma of the ampulla of Vater. The incidence and clinical consequences of 
extracapsular lymph node involvement (LNI) in patients who undergo resection are 
unknown.

Methods
In a consecutive series of 160 patients with adenocarcinoma of the ampulla of Vater, 
75 (46·9 per cent) had positive lymph nodes (N1). The relation of extracapsular LNI 
with tumor stage and number of positive nodes was evaluated and its prognostic 
significance analyzed.

Results
Extracapsular LNI was identified in 44 (59 per cent) of the 75 patients. Median over-
all survival was 30 and 18 months in patients with intracapsular and extracapsular 
LNI respectively (P=0·015). The 5-year overall survival rate was 20 and 9 per cent 
respectively, compared with 59 per cent in patients without LNI (N0). Extracapsular 
LNI and tumor differentiation were independent prognostic factors for survival. In 
patients with N1 disease, extracapsular LNI was the only significant prognostic factor 
for recurrent disease after radical resection (R0).

Conclusion
The presence of extracapsular LNI identifies a subgroup of patients who have a sig-
nificantly worse prognosis. Adjuvant therapy is advised following resection in these 
patients.
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INTRODUCTION

The various types of periampullary malignancy (adenocarcinoma of the ampulla 
of Vater, or of the distal bile duct, pancreatic head or duodenum), although locally 
closely related, vary significantly in prognosis following resection.1-3 With an overall 
5-year survival rate of 37 per cent in large series, patients with adenocarcinoma of 
the ampulla of Vater have a more favorable prognosis after radical resection than 
those with other periampullary malignancies.1;4 A much lower frequency of local 
invasion, (peri)vascular and (peri)neural invasion, compared with that in patients 
with pancreatic carcinoma, has been proposed to explain part of this difference.4 The 
relatively early clinical presentation and location further away from the mesenteric 
root increase the likelihood of achieving a radical margin-free resection. Prognosis 
depends greatly on the presence and extent of lymph node dissemination, as demon-
strated in a previous study from the authors’ department.4 In accordance with results 
from other groups, the actuarial overall 5-year survival rate of approximately 60 per 
cent for patients without lymph node metastasis (N0) dropped to 40 per cent for 
patients with one affected lymph node, and to zero in patients with multiple affected 
lymph nodes.4-10

Extracapsular lymph node involvement (LNI) is defined as the extension of cancer 
cells beyond the nodal capsule into the perinodal fatty tissue.11 In gastric, head–neck 
and esophageal cancer, the presence of extracapsular LNI correlates significantly 
with prognosis.12-16 A recent systematic review of the significance of extracapsular 
LNI in gastrointestinal malignancy highlighted the importance of assessing extraca-
psular LNI in the surgical specimen, as this enables the identification of a subgroup 
of patients with a significantly worse long-term survival.11 Extracapsular LNI has 
been suggested to occur as a late event in cancer progression and, as such, to act as 
a biological marker for aggressive nodal disease.11;17 The presence of extracapsular 
LNI possibly reflects the invasiveness and thus aggressiveness of the primary tumor. 
Whether extracapsular LNI is associated with local or hematogenous recurrent dis-
ease has not been clarified.

Further refinement of lymph node staging extends the established role of lymph 
node dissemination as one of the most important factors in predicting the prognosis 
of patients with ampullary carcinoma. Detection and quantification of extracapsular 
LNI in the surgical resection specimen of resected ampullary adenocarcinoma might 
be helpful in staging and in individualizing adjuvant strategies.

The aim of the present study was to assess the incidence and extent of extracap-
sular LNI in a consecutive series of patients with adenocarcinoma of the ampulla of 
Vater, who underwent resection with curative intent. The relation of extracapsular 
LNI with tumor stage and number of positive nodes was evaluated, and its prognostic 
significance with respect to survival (tumor recurrence) analyzed.
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mETHODS

Between January 1992 and February 2006, a consecutive series of 649 patients 
underwent pancreatoduodenectomy (PD), or the pylorus-preserving modification, 
for a suspected periampullary malignancy at the authors’ institution. The clinico-
pathological data were collected prospectively in a database. Operations were per-
formed with curative intent, in the absence of extensive local invasion (defined as 
involvement of the portal vein or major arteries, or infiltration of the mesocolon or 
retroperitoneum) and/or distant metastases. A total of 160 patients had adenocarci-
noma of the ampulla of Vater and were included in the study; this group consisted 
of the cohort used in a previous study4 to which was added patients who had subse-
quently undergone resection.4 Routine postoperative chemotherapy and/or radiation 
therapy was not part of the treatment strategy, but was given to two patients who 
participated in an ongoing European Organization for Research and Treatment of 
Cancer (EORTC) trial.18

Routine diagnostic workup consisted of standard abdominal ultrasonography 
with subsequent staging by thin-slice spiral computed tomography (CT).19 Diagnos-
tic laparoscopy, diagnostic endoscopic retrograde cholangiopancreaticography with 
or without subsequent endoscopic drainage, as well as endoscopic ultrasonography 
were not used consistently, owing to changing diagnostic strategies over the years.19;20

The standard surgical procedure consisted of a pylorus-preserving pancreatodu-
odenectomy (PPPD), as described previously, with concomitant dissection of the 
regional lymph nodes at the anterior and posterior face of the head, around the com-
mon and proper hepatic artery, in the hepatoduodenal ligament, and lymph nodes 
to the right of the superior mesenteric vein.19;21;22 When para-aortic nodes or nodes 
at the celiac trunk were found to be positive at frozen-section examination during 
laparotomy, resection was not carried out, and palliative biliary and gastric bypass 
was performed together with a celiac plexus neurolysis. When tumor ingrowth in 
the proximal duodenum/pylorus was suspected, a classical Whipple procedure was 
performed. Reconstruction consisted of a retrocolic jejunal loop with an end-to-side 
pancreaticojejunostomy, hepaticojejunostomy, and gastrojejunostomy or duodenoje-
junostomy.

At pathological examination lymph nodes in the operative specimen were identi-
fied by palpation, and subsequently resected and evaluated. Pathological findings 
were recorded in a standard format: pathological tumor node metastasis (pTNM) 
stage, grade of differentiation, radicality, total number of resected lymph nodes and 
total number of positive lymph nodes, including their location. If necessary, larger 
lymph nodes were cut in two and routine hematoxylin and eosin staining was per-
formed using a standard protocol. No additional immunohistochemical staining 
techniques were used to detect micrometastases. In patients with initially identified 
positive lymph nodes, surgical specimens were re-examined by a pathologist expe-
rienced in gastrointestinal malignancy (F.J.W.t.K.). Reassessment of pTNM stage 
was performed, as well as of differentiation grade, radicality and presence of neural 

Challenging dogmas in pancreatic surgery_007.indd   238 20-9-2012   13:49:36



239Chapter 14 Significance of Extracapsular Lymph Node Involvement

and/or vascular ingrowth. The total number of resected lymph nodes, total number 
of positive lymph nodes and presence of extracapsular LNI were reexamined. The 
definition of extracapsular LNI has been described previously and was defined, in 
short, as metastatic adenocarcinoma extending through the nodal capsule into the 
perinodal fatty tissue (Fig. 1, 2).15

The pTNM staging system of the International Union Against Cancer (UICC) 
was used to classify patients according to pathological findings.23 Tumor-positive 
para-aortic nodes (group 16) and positive nodes at the celiac trunk or mesenteric root 
were considered as distant metastasis (M1). Lymph nodes surrounding the anterior 
and posterior face of the head were considered to be regional lymph nodes. R0 resec-
tion was defined as microscopically complete removal during an uncontaminated 
operation with a radical margin, that is, with no tumor cells at the margin.

1 2

 

Figure 1  Lymph node with intracapsular tumor involvement (arrowhead), embedded in perinodal 
fat tissue (arrows). An imaginary line representing the capsule is drawn to facilitate 
assessment of extracapsular growth.

Figure 2  Adenocarcinoma (arrowheads) extending through the capsule into the perinodal fat 
tissue; the capsule is completely destroyed as a result of tumor growth. LNI, lymph 
node involvement

R1 resection was defined as macroscopically complete removal of disease but with 
microscopic evidence of residual tumor at the resection margin of the anterior, poste-
rior or superior mesenteric vein groove surface, or at the proximal, distal duodenal–
pancreatic body–common bile duct transection margin.

Patients were followed up at regular intervals for up to 5 years after discharge, 
depending on the surgeon’s discretion. Death, irrespective of cause, was regarded as 
a negative outcome in all cases. To obtain definitive follow-up data, general practition-
ers were contacted. Overall survival rates were calculated from the date of operation 
until death, or until the time of last visit to the outpatient clinic or to the general prac-
titioner. CT was not performed routinely during follow-up, unless recurrence of dis-
ease was suspected on clinical grounds; if indicated, palliative treatment was offered.
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Statistical Analysis
Statistical analysis was performed using SPSS software version 14.0 (SPSS, Chicago, 
Illinois, USA). To compare categorical data, Pearson’s χ2 test was used or, when a 
table had a cell with an expected frequency of less than five, Fisher’s exact test. The 
Mann–Whitney U test was used to compare continuous variables. P<0·050 was con-
sidered statistically significant. Survival rates were calculated on an actuarial basis 
using the Kaplan–Meier method. Univariable analysis of specific predictive factors 
for survival was performed with the log rank test. Multivariable analysis of all signifi-
cant factors was performed with the Cox proportional hazards model with simulta-
neous inclusion of the significant predictive factors.

RESULTS

The overall in-hospital mortality rate in the 160 patients diagnosed with invasive 
adenocarcinoma of the ampulla of Vater was 3·8 per cent (6 patients, compared with 
nine (1·4 per cent) in the total group of 649 patients), and the surgery-related morbid-
ity rate was 48·8 per cent (78 patients). Relaparotomy was performed in 23 patients 
(14·4 per cent), mainly for pancreatic leakage and postoperative hemorrhage.

Table 1 Clinicopathological characteristics of patients with intracapsular and extracapsular 
lymph node involvement.

Intracapsular LNI Extracapsular LNI
Characteristic (n=31) (n=44) P†

Mean(s.d.) age (years) 63(10) 64(9) 0·644
Sex ratio (M : F) 18 : 13 30 : 14 0·369
Tumor stage

T1 1 2 0·373
T2 12 9
T3 8 13
T4 10 20

Perineural invasion
No 21 32 0·641
Yes 10 12

No. of resected nodes* 7 (2–27) 10 (2–24) 0·011
No. of positive nodes* 1 (1–5) 3 (1–13) <0·001
Radicality of resection

R0 24 35 0·825
R1 7 9

Differentiation
Moderate 13 20 0·762
Poor 18 24

* Values are median (range). LNI, lymph node involvement; R0, microscopically radical resection; 
R1, microscopically tumor left behind. †Fisher’s exact test, χ2 test or Mann–Whitney U test as 
appropriate.
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Table 2 Unadjusted analysis of specific patient related factors and tumor characteristics 
predictive for survival in 75 patients with positive lymph nodes, using the log-rank 
test.

Disease-specific survival Overall survival
median 
survival 
(months) Unadjusted HR P*

median 
survival 
(months) Unadjusted HR P*

Age (years)
≤65 24 24
>65 21 0·84 (0·48, 1·46) 0·538 21 1·08 (0·64, 1·80) 0·808

Sex
M 25 24
F 19 1·38 (0·80, 2·40) 0·25 19 1·36 (0·80, 2·31) 0·243

pT-stage
T1-2 35 0·080 26 0·254
T3 23 1·54 (0·75, 3·20) 22 1·40 (0·72, 2·74)
T4 19 2·15 (1·09, 4·25) 19 1·71 (0·90, 3·24)

Perineural invasion
No 24 21
Yes 23 1·11 (0·62, 1·97) 0·724 20 1·07 (0·61, 1·84) 0·849

Perivascular invasion
No 24 24
Yes 22 1·24 (0·53, 2·92) 0·624 21 0·87 (0·42, 1·78) 0·699

Extracapsular LNI
No 41 30
Yes 19 2·19 (1·23, 3·88) 0·006 18 1·94 (1·13, 3·34) 0·015

No. of positive nodes 
≤3 24 22
>3 20 1·70 (0·96, 3·01) 0·064 16 1·58 (0·91, 2·74) 0.098

Residual tumor status
R0 24 23
R1 13 2·02 (1·10, 3·71) 0·021 13 1·74 (0·96, 3·17) 0.062

Differentiation
Moderate 28 26
Poor 16 1·81 (1·05, 3·12) 0·029 16 1·88 (1·12, 3·15) 0.015

Values in parentheses are 95 per cent confidence intervals. HR, hazard ratio; pT, pathological tumor; 
LNI, lymph node involvement. *Log rank test (variables with P ≤ 0·100 are considered significant).

Seventy-five patients (46·9 per cent) had positive lymph nodes (N1). A total of 754 
lymph nodes was resected from these 75 patients, with a median of 10 (range 2–27) 
resected nodes per patient. Metastatic tumor was detected in 234 of the 754 nodes, 
indicating a median of 3 (range 1–13) positive nodes, which were all re-examined for  
tumor growth beyond the capsule. Extracapsular LNI was subsequently identified in 
100 (42·7 per cent) of the 234 positive nodes, occurring in 44 (59 per cent) of the 75 
patients with N1 disease. Three patients had distant nodal metastases classified as 
M1.
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Age, sex, pT stage, presence of perineural and/or perivascular invasion, radicality 
of resection (R0 versus R1) and grade of differentiation did not differ significantly 
between patients with or without extracapsular LNI (Table 1). Extracapsular LNI was 
seen more often in patients with a greater number of positive nodes (P<0·001).Dif-
ference in surgical technique (PD, eight patients (11 per cent); PPPD, 67 patients (89 
per cent)) did not result in a significant difference in the number of lymph nodes 
resected (data not shown).

The median length of follow-up for the entire group was 28 (range 0·2–172) 
months. No patient was lost to follow-up. Of the 75 patients with nodal metastasis 
(N1), 61 died during follow-up: one patient (1 per cent) died in hospital from postop-
erative complications, six patients (8 per cent) died from unrelated causes, and 54 
(72 per cent) from recurrent disease. In the 85 patients without nodal metastasis 
(N0), median overall survival was 104 (95 per cent confidence interval (c.i.) 61 to 146) 
months, with a 5-year overall survival rate of 59 per cent (P<0·001) (Fig. 3).

Table 3 Adjusted Cox proportional hazard analysis of survival for significant unadjusted 
prognostic factors with a P ≤ 0.1.

Disease-specific survival Overall survival
Characteristic Adjusted HR P* Adjusted HR P*

pT-stage
T1-2
T3 1·43 (0·67, 3·02) 0·355
T4 1·23 (0·56, 2·69) 0·601

Extracapsular LNI
No
Yes 2·32 (1·23, 4·40) 0·010 2·17 (1·19, 3·94) 0·011

No. of positive nodes 
≤3
>3 0·82 (0·40, 1·65) 0·572 0·81 (0·41, 1·58) 0·531

Residual tumor status
R0
R1 1·94 (0·95, 3·98) 0·071 1·72 (0·91, 3·26) 0·096

Differentiation
Moderate
Poor 1·90 (1·00, 3·60) 0·051 1·91 (1·08, 3·37) 0·026

Values in parentheses are 95 per cent confidence intervals. HR, hazard ratio; pT, pathological tumor; 
LNI, lymph node involvement. *P ≤ 0. 050 is considered significant.
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Figure 3  and Figure 4  Respectively overall and disease-specific Kaplan–Meier survival curves 
for patients with adenocarcinoma of the ampulla of Vater without (N0) and 
with intracapsular (iLNI) or extracapsular (eLNI) lymph node involvement. 
P<0·001 (log rank test).
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Median overall survival in patients with intracapsular LNI was 30 (95 per cent c.i. 20 
to 40) months, compared with 18 (13 to 23) months in those with extracapsular LNI 
(P=0·015) (Table 2). Five-year overall survival rates were 20 and 9 per cent for intra-
capsular and extracapsular LNI respectively.

Median disease-specific survival, defined as death from disease and calculated 
by censoring non-disease-specific deaths, was 41 (95 per cent c.i. 25 to 57) months in 
patients with intracapsular LNI versus 19 (13 to 25) months for those with extracapsu-
lar LNI (P=0·006) (Table 2). In patients without nodal metastasis (N0), the median 
disease-specific survival was not reached. The 5-year disease-specific survival rate 
was 64 per cent in patients with N0 disease, compared with 24 and 9 per cent for 
intracapsular and extracapsular LNI respectively (P<0·001) (Fig. 4). One of the 44 
patients with extracapsular LNI survived for more than 5 years.

In patients with positive lymph nodes, significant (P ≤ 0·100) prognostic indica-
tors for both overall and disease-free survival were extracapsular LNI, the number 
of positive nodes, tumor differentiation and residual tumor status; pT stage was sig-
nificant only for disease-specific survival (Table 2). Cox proportional hazard analysis 
of these variables demonstrated extracapsular LNI to be an independent prognostic 
factor for both overall and disease-specific survival; tumor differentiation was an 
independent prognostic factor only for overall survival (Table 3).

Some 59 (79 per cent) of the 75 patients had a negative residual tumor status (R0 
resection). In these patients extracapsular LNI was the only prognostic variable for 
recurrence of disease (odds ratio 4·83 (95 per cent c.i. 1·47 to 15·87); P=0·007).

DISCUSSION

The number and location of positive nodes, as well as the presence of micrometas-
tasis in lymph nodes, have all been suggested as prognostic parameters in lymph 
node-positive patients with adenocarcinoma of the ampulla of Vater.4;6;7;9;10;24 The pre-
sent study has shown extracapsular LNI and grade of tumor differentiation to be 
independent prognostic factors for survival in patients with positive lymph nodes.

Extracapsular extension of nodal metastases has been found to be a significant 
prognostic factor in various malignancies, including several gastrointestinal carcino-
mas.12-16;25;26 The major importance of extracapsular LNI in the prognosis of patients 
with breast cancer has led to the proposal of specific treatment strategies for this 
subgroup of patients, involving a more radical resection at an earlier stage.17;27 Stud-
ies that address the presence and implications of extracapsular LNI in patients with 
adenocarcinoma of the ampulla of Vater, or any other periampullary malignancy, 
do not exist to the authors’ knowledge. The incidence of extracapsular LNI in these 
patients is also unknown.
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Extracapsular LNI has been suggested to reflect cancer progression and thus to 
occur at an advanced tumor stage.11 In the present series of patients with adenocarci-
noma of the ampulla of Vater and positive nodes, a significant correlation was found 
between the number of positive nodes resected and the number of lymph nodes with 
extracapsular disease. A higher number of positive nodes increased the likelihood of 
having nodes with extracapsular LNI. Although a higher number of positive lymph 
nodes is an established prognostic factor for survival, extracapsular LNI remains to 
be shown as an independent prognosticator. In contrast to other series, this study did 
not demonstrate a significant correlation between the occurrence of extracapsular 
LNI and (an advanced) pT stage.13;15;16;25

The UICC TNM classification recommends a minimum of ten lymph nodes for 
adequate pathological assessment of nodal status.23 Recognized factors in determin-
ing the number of lymph nodes found in a resection specimen are anatomical differ-
ences between patients, type of surgical resection and the diligence of the pathologist 
in recovering nodes from the resection specimen.28 An audit of pathology lymph node 
dissection techniques revealed that a detailed knowledge of the anatomical distribu-
tion of lymph nodes in PD specimens, for example according to the Japan Pancreas 
Society classification, significantly improved lymph node yield.28;29 A drawback of the 
present study is that such a classification had not been implemented in the pathology 
protocol for lymph node dissection in the authors’ institution. Although the mean 
number of lymph nodes in the present series met the UICC TNM classification, in 
some individual patients the number was lower and may therefore have hampered 
adequate assessment of nodal status and influenced overall results. Despite the lower 
total number of lymph nodes resected after standard PD compared with other series, 
the median number of resected positive lymph nodes in the present study, at least for 
ampullary adenocarcinoma, was in accordance with that in other large series.5;10;30-32 
Notwithstanding the fact that a more detailed knowledge of lymph node distribution 
might have improved lymph node detection, it is questionable whether this would 
have yielded more positive lymph nodes and thus significantly influenced the role of 
extracapsular LNI as an independent prognostic variable. It might even be suggested 
that, once a lymph node with extracapsular LNI has been found, further search for 
positive nodes is unnecessary.

The relevance of achieving a microscopically margin-free resection (R0) in onco-
logical surgery, with respect to recurrent disease, is obvious, and has recently been 
identified as one of the most important contributions of surgery to long-term sur-
vival in patients with pancreatic cancer.33 The present study has demonstrated that, 
in patients with ampulla of Vater adenocarcinoma and positive lymph nodes, extraca-
psular LNI is the only independent factor for recurrent disease, irrespective of resid-
ual tumor status, underlining its prognostic importance. The reason for this high 
recurrence rate is not clear. Extracapsular LNI might reflect an extensive lymphatic 
spread, potentially leading to lymphatic obstruction.11 It has been suggested that 
lymph vessel obstruction might lead to the retention and reflux of lymph, resulting in 
a lymphaticovenous communication with subsequent hematogenous metastasis34;35
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More aggressive treatment of patients with pancreatic or periampullary adeno-
carcinoma, by performing a radical pancreatoduodenectomy consisting of a standard 
resection (removing peripancreatic lymph nodes en bloc with the specimen) extended 
with a distal gastrectomy and retroperitoneal lymphadenectomy, does not result in 
a survival benefit, but increases morbidity.30;36;37 Further advances in the treatment 
of patients with adenocarcinoma of the ampulla of Vater are therefore more likely to 
be achieved from adjuvant treatment strategies (chemotherapy and/or radiotherapy). 
Unfortunately, experience with adjuvant therapy in these patients has been limited, 
in contrast to that in pancreatic cancer, and to date no high-level evidence for any 
benefit of such therapy exists. In a study from Johns Hopkins, Baltimore, Maryland, 
USA, on the long-term results after resection of pancreatic/periampullary carcinoma, 
adjuvant chemotherapy or radiation therapy was offered to only a small proportion of 
patients with ampullary adenocarcinoma and did not demonstrate any difference in 
outcome.38 Lee and colleagues39 concluded from a relatively small series of resected 
ampullary adenocarcinoma with limited follow-up that adjuvant chemoradiation 
may improve long-term disease control in patients at high risk of disease relapse 
(with nodal metastases or T3 disease).39 In the EORTC trial, no significant benefit 
was found after routine administration of adjuvant chemoradiation (radiotherapy in 
combination with 5-fluorouracil) in either pancreatic or periampullary carcinoma.18 
Whether all periampullary carcinomas in this study were adenocarcinoma of the 
ampulla of Vater was not clear. A subanalysis by risk stratification (nodal status, 
residual tumor status, pT stage, etc.) was not reported.

The overall favorable outcome after resection of adenocarcinoma of the ampulla 
of Vater, together with its low prevalence, might account for the expectant attitude 
towards initiating adjuvant therapy. The presence of extracapsular LNI, however, 
identifies a subgroup with a poor prognosis and high recurrence rate that might 
benefit from an adjuvant strategy. In the light of adjuvant strategies with new chemo-
therapeutic agents being developed for pancreatic cancer that delay recurrence after 
complete resection, the question arises of whether or not patients with adenocarci-
noma of the ampulla of Vater and nodal metastasis (N1) should be offered the same 
treatment regimen40 This issue may be even more relevant when extracapsular LNI 
is found.

The present study has shown that, in patients with an adenocarcinoma of the 
ampulla of Vater, extracapsular LNI identifies a subgroup with a significantly worse 
long-term survival. Extracapsular LNI is an independent prognostic variable for 
recurrent disease in patients undergoing a microscopically margin-free resection 
(R0). Assessment of this feature should be included in the protocol of pathological 
examination of the surgical specimen. The development of adjuvant treatment strate-
gies is recommended for patients with N1disease, especially those who present with 
extracapsular LNI.
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ABSTRACT

Background
Tumor location of extrahepatic cholangiocarcinoma (CCA) might influence survival 
after resection.

Methods
A consecutive series of 175 patients who had undergone a potentially curative resec-
tion of extrahepatic CCA was analyzed. We calculated concordance indices of differ-
ent constructed prognostic models for survival including TNM (tumor–node–metas-
tasis) staging and developed a nomogram of the most sensitive model.

Results
Overall cancer-specific survival rates were 83%, 58%, and 26% at 1, 2, and 5 years, 
respectively. Cancer-specific survival according to location was 42% for proximal, 
23% for mid, and 19% for distal CCA after 5 years. Tumor location was not an inde-
pendent significant predictor (P=0.06). A prognostic model using all potential prog-
nostic variables predicted survival better compared with TNM staging (concordance 
index 0.65 versus 0.63). A reduced model containing only lymph node status, micro-
scopically residual tumor status, and tumor differentiation grade, also outperformed 
TNM staging (concordance index 0.66).

Conclusions
Tumor location of extrahepatic CCA does not independently predict cancer-specific 
survival after resection. We developed a nomogram, based on a prognostic model 
with lymph node status, microscopically residual tumor status of resection margins, 
and tumor differentiation grade, that predicted survival better than TNM staging.
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INTRODUCTION

Extrahepatic cholangiocarcinoma (CCA) is the primary cancer of the main bile ducts 
and arises from the ductal epithelium.1;2 Although it is an uncommon disease with a 
reported incidence of 1-2 cases per 100.000 per year, its incidence is increasing. Sur-
gical treatment, consisting of hilar resection with extended hepatectomy (PHx), pan-
creatoduodenectomy (PD) or sometimes local bile duct excision, is the only curative 
treatment option. Despite comprehensive preoperative staging to select patients for 
potentially curative resection, many patients present with recurrent disease within 2 
years after tumor resection. Overall, 5-year survival rates from 20% to 40% have been 
reported after resection.3;4 5-9

Differentiation between proximal, mid and distal extrahepatic CCA is primar-
ily based on surgical approach, rather than differences in tumor biology. CCA in 
the distal or middle part of the bile duct is usually associated with better prognosis, 
because these tumors result in complete bile duct obstruction leading to early clini-
cal symptoms, which prompt intervention. Proximal tumors tend to commence with 
partial biliary obstruction consequently resulting in delayed complaints and jaun-
dice. However, available studies focusing on tumor location and long-term outcome 
irrespective of type of operation show no differences or conflicting results.4;10-14

The purpose of cancer staging systems is to predict survival. This information is 
used to tailor (neo)adjuvant therapy and to estimate prognosis after surgery. The most 
widely used staging system is the TNM (tumor–node–metastasis) system, based on 
the pathological extent of tumor. However, the adequacy of the current TNM stag-
ing system for prognostic stratification has been questioned for CCA, especially for 
proximal lesions.14;15

The aim of the current study is to evaluate the role of tumor location of extrahe-
patic CCA on survival after resection, to analyze the predictive value of TNM staging, 
and to compare different prognostic models.

mETHODS

Patients
A consecutive series of 175 patients underwent resection of extrahepatic CCA, from 
January 1992 to December 2007. The clinicopathological data were prospectively 
collected in a database. Operations were performed with curative intent, i.e. in the 
absence of extensive local invasion or distant metastases. The routine diagnostic 
workup consisted of standard abdominal ultrasonography with subsequent staging 
by contrast enhanced spiral computed tomography (CT) scan.16 For distal lesions, 
as apparent on CT, diagnostic laparoscopy, diagnostic endoscopic retrograde chol-
angiopancreaticography (ERCP), and endoscopic ultrasonography were used, but 
not consistently throughout the years because of changing strategies.16;17 Diagnostic 
laparoscopy was routinely carried out for proximal lesions to exclude the presence of 
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metastatic disease.18 Diagnostic ERCP with endoscopic biliary drainage or percuta-
neous transhepatic biliary drainage was carried out when bilirubin levels exceeded 
40 μmol/l. Preoperative therapy was confined to routine low-dose radiotherapy in 
proximal lesions to destruct free floating tumor cells in the bile.19 Routine adjuvant 
chemo- or radiation therapy was not administered.

Surgical Technique and Pathology
Surgical procedures for proximal CCA consisted of hilar resection with or without 
concomitant partial liver resection (PHx) depending on the extent of the lesion, 
local bile duct resection for mid CCA, and subtotal pylorus preserving PD for distal 
CCA.16;20;21 In case of suspicion on tumor ingrowth in the proximal duodenum a clas-
sical Whipple’s procedure was carried out including distal gastrectomy. In case lim-
ited tumor ingrowth into the portal or superior mesenteric vein was found during the 
operation, a segmental venous resection or wedge resection was carried out.22;23 The 
surgical procedure for proximal lesions consisted of hilar resection with complete 
lymphadenectomy of the hepatoduodenal ligament. Up to 1998 the intraoperative 
finding of frozen-section proven-lymph node metastases was a reason to abandon 
resection, while afterwards resection was carried out when lymph node metastases 
were confined to the hepatic pedicle or the hepatoduodenal ligament.24 As of 1998, 
we applied the concept of complete excision of segment 1 along with partial hepatec-
tomy and portal vein bifurcation (extended PHx) when involved by tumor.25 In case 
of mid CCA, the extrahepatic bile duct was excised with construction of a single or 
double hepaticojejunostomy.

Pathological findings were described in a standardized format: pTNM-stage, dif-
ferentiation grade, residual tumor status of resection and dissection planes, total 
number of resected lymph nodes, and total number of positive lymph nodes includ-
ing their location were recorded. The pTNM staging system [American Joint Com-
mittee on Cancer (AJCC) and Union Internationale Contre le Cancer (UICC)] was 
used to classify patients according to pathological findings.26;27 Tumor-positive para-
aortal nodes (group 16), nodes around the celiac trunk or at the mesenteric root, 
were considered as distant metastasis (M1). Lymph nodes surrounding the anterior 
and posterior face of the head were considered to be regional lymph nodes. An R0 
resection was defined as a microscopically complete removal in a non-contaminated 
operation with radical margins, an R1 resection as macroscopically complete removal 
of disease but with microscopic evidence of residual tumor at the resection or dissec-
tion margins.

Follow-Up
Patient follow-up took place according to a standardized scheme at regular intervals 
for up to 5 years after discharge. To obtain definitive follow-up data, general practi-
tioners were contacted in addition to evaluation of the patients’ files. Recurrence of 
disease was suspected on clinical grounds. When recurrence was suspected, addi-
tional (radiological) examinations were carried out and, when indicated, palliative 
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treatment was offered. Follow-up comprised the period from the date of operation 
until death, or until the time of the last visit to the outpatient clinic, or the last visit to 
the general practitioner when still alive. Patients who were identified as having died 
of recurrent CCA, all had progressive locoregional and/or distant recurrences at the 
time of death.

Statistical Analysis
Time until death due to (recurrent) CCA, i.e. cancer-specific survival (CSS), was the 
primary outcome parameter. Patients who died due to postoperative complications 
and unrelated causes were censored at their time of death. Cumulative survival was 
estimated with the Kaplan–Meier method. We used Cox proportional hazards regres-
sion analyses to examine the association between potential prognostic variables and 
CSS. The following potential prognostic variables were assessed: age, sex, tumor 
location, T-stage, N-stage, tumor diameter, tumor differentiation grade, presence of 
microscopic residual disease at resection or dissection plane (R1), predominant papil-
lary component, and perineural invasion. Considering the limited number, missing 
values for tumor diameter were estimated using the mean of measurements from 
other patients.28

Continuous variables were examined in relation to the outcome by using restricted 
(natural) cubic splines (four knots), in case graphical analyses showed that the rela-
tion was nonlinear. Three different types of prognostic models were investigated. The 
first model contained indicators for the different TNM stages (TNM model) without 
analyzing other variables. The second model contained all potential predictors (full 
model), irrespective of significance in univariable analysis. The third model (reduced 
model) was obtained from the full model after backward selection of variables using 
the criterion of a threshold P-value of <0.05. Discrimination of the different models 
was compared using the concordance index, which is defined as the proportion of all 
usable patient pairs in which the predictions and outcomes are concordant.28 Values 
can range from 0.5 (due to chance; no discrimination) to 1.0 (perfect discrimination). 
Concordance indices were calculated for the three models in 200 bootstrap samples 
and compared after bootstrapping to reduce overoptimism of the predictive power of 
each model. Calibration of the best discriminative model was assessed by compar-
ing for different patient proportions, the predicted with observed survival estimates.

A nomogram, based on the logistic regression formulas, was developed to visual-
ize the prognostic strength of the best predictive model in a single figure. The total 
number of points derived by specifying values for all predictors was used to calculate 
the expected survival probabilities from the Cox model. Statistical analysis was car-
ried out with the use of SPSS statistical software version 17.0.1 (SPSS Inc., Chicago, 
IL) and the R 2.11.0 statistical package Project for Statistical Computing (Harrell’s 
Design, HMisc packages).
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RESULTS

A consecutive series of 175 patients underwent a macroscopically radical resection 
for extrahepatic CCA and was included in this analysis. Of these patients, 48 (28%) 
had a proximal CCA, 37 (21%) mid, and 90 (51%) a distal CCA. Table 1 displays the 
clinicopathological parameters of all patients. During follow-up, 139 patients died. 
Median length of follow-up was 19 months [interquartile range (IQR) 10–37] for the 
deceased patients and 54 months (IQR 34–99) for the 36 patients (21%) alive at last 
follow-up. Twenty-six patients (14.8%) died from other causes than (recurrent) CCA. 
These patients were censored at the time of death in the analysis.

Table 1 Clinicopathological characteristics of 175 patients with extrahepatic 
cholangiocarcinoma who underwent macroscopically radical resection.

Clinicopathological characteristics (N=175)

Age at operation, mean, year (SD) 62 ±11
Male gender - n (%) 107 (61)
Extrahepatic bile duct tumor localization - n (%)

Proximal 48 (28)
Mid 37 (21)
Distal 90 (51)

pT-stage - n (%)
pTis 6 (3)
pT1 21 (12)
pT2 56 (32)
pT3 79 (45)
pT4 13 (8)

Tumor diameter, median - cm (IQR) 2 (1.5-2.7)
Presence of lymph node metastasis - n (%) 65 (37)
Median number of positive nodes (min-max)¶ 2 (1-13)
Lymph node ratio, median (min-max)¶ 0.4 (0.04-1.0)
Stage - n (%)

Stage 0 6 (3)
Stage 1a 15 (9)
Stage 1b 42 (24)
Stage 2a 47 (27)*
Stage 2b 56 (32)
Stage 3 9 (5)

Differentiation grade - n (%)
Good 49 (28)
Moderate 40 (23)
Poor 86 (49)

Resection plane microscopically irradical (R1) - n (%) 99 (57)
Tumor predominantly papillary - n (%) 17 (10)
Perineural invasion - n (%) 112 (64)

IQR, interquartile range; SD, standard deviation.
* includes four T4 cases without lymph node Metastasis.
¶ of patients with positive lymph nodes.
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Figure 1  Estimated cancer-specific survival of extrahepatic cholangiocarcinoma after resection, 
grouped according to tumor location.

Figure 2  Estimated cancer-specific survival according to the American Joint Committee on 
Cancer and Union Internationale Contre le Cancer stage grouping for carcinomas of the 
extrahepatic bile ducts.
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Table 2 Results of the three prognostic models; the TNM staging system, the full prognostic 
model, and the reduced model.

  TNm staging Full model Reduced model
Factor HR (95% CI) HR (95% CI) HR (95% CI)

Age, one year increment NA 1.00 (0.99–1.03) NA
Male gender NA 1.27 (0.84–1.93) NA
Tumor localization (compared to proximal)

Mid NA 1.29 (0.70–2.40) NA
Distal NA 1.21 (0.65–2.24) NA

pT-stage (compared with pTis, pT1)
pT2 NA 0.42 (0.08–2.22) NA
pT3 NA 0.57 (0.12–2.83) NA
pT4 NA 0.82 (0.15–4.58) NA

Tumor diameter NA 0.93 (0.78–1.10) NA
Presence of lymph node metastasis (pN1) NA 2.28 (1.46–3.57) 2.34 (1.52–3.57)
Differentiation grade (compared to good)

Moderate NA 1.73 (0.88–3.40) 1.79 (0.98–3.27)
Poor NA 1.78 (1.02–3.12) 2.03 (1.23–3.36)

Resection plane microscopically irradical 
(R1)

NA 1.56 (1.00–2.42) 1.60 (1.08–2.36)

Tumor predominantly papillary NA 0.51 (0.22–1.20) NA
Perineural invasion NA 1.16 (0.75–1.80) NA
Stage (compared to stage 0, 1a)*

Stage 1b 1.20 (0.57–2.54) NA NA
Stage 2a 1.42 (0.68–2.99) NA NA
Stage 2b 3.16 (1.59–6.29) NA NA
Stage 3 5.17 (1.97–13.2) NA NA

Concordance index 
Uncorrected 0.64 0.71 0.67
After bootstrap validation 0.63 0.65 0.66

* TNM stage according to UICC and AJCC, sixth edition.
AJCC, American Joint Committee on Cancer; CI, confidence interval; HR, hazard ratio; NA, not 
applicable; R1, microscopically tumor left at the resection margin; TNM, tumor–node–metastasis; 
UICC, Union Internationale Contre le Cancer.

CSS for the entire group was 83%, 58%, and 26% at 1, 2, and 5 years, respectively. The 
breakdown of 5-year CSS, according to location, was 42% for proximal, 23% for mid, 
and 19% for distal CCA (log-rank test, P=0.055) (Figure 1). Figure 2 shows the sur-
vival curves according to the TNM classification for extrahepatic CCA. Stage 0 (Tis) 
and IA were grouped due to small numbers. From a hierarchical point of view, only 
patients with stage IIB and stage III had a significantly worse survival, compared 
with the reference stage (0, IA) with hazard ratios (HRs) of 3.15 [95% confidence 
interval (CI) 1.59–6.26] and 5.17 (95% CI 2.02–13.2).

Of the patients with a distal tumor, 45 of 90 (50%) had positive lymph nodes 
compared with 8 of 48 (17%) patients with a proximal tumor (P<0.001). A microscopi-
cally tumor-positive resection margin was present in 39 of 90 (43%) patients with a 
distal tumor versus 32 of 48 (67%) patients with a proximal tumor (P=0.009). The 
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presence of a poorly differentiated tumor was not different between patients with a 
distal or a proximal tumor, 43 of 90 (48%) versus 23 of 48 (48%), respectively. Table 
2 shows the HRs with 95% CI of all available potential predictors of the three multi-
variable models (TNM, full, and reduced model). With backward selection, the best 
fitting reduced model was constructed and contained the variables lymph node sta-
tus, microscopically residual tumor status at resection/dissection plane, and tumor 
differentiation grade. In the multivariable analysis, location of the tumor was not an 
independent prognostic factor (reduced model).

Discrimination of both the full and reduced model was better compared with 
that for TNM staging, with concordance indices after bootstrap validation of 0.65 
and 0.66 versus 0.63, respectively. A nomogram on basis of the reduced model was 
constructed and is shown in Figure 3. The nomogram predicts the 12- and 24-month 
CSS probabilities. Figure 4 shows the calibration of the reduced model as demon-
strated by the predicted probability of 3-year CSS plotted against the observed prob-
ability (solid line). All CIs lie over the 45° dotted line of perfect calibration, and the 
closeness of the lines indicates absence of systematic bias.

Figure 3  Nomogram for prediction of cancer-specific survival based on the reduced model. 
Cancer-specific survival probabilities at 12 and 24 months after resection are 
presented. N0: negative lymph node metastasis; N1: positive lymph node metastasis; 
R0: tumor margin-free resection; R1: microscopically tumor margin-positive resection. 
Instruction: Locate for nodal metastasis the number of points (upper line) the patient 
receives depending whether lymph node metastasis (N1) has occurred or not (N0). 
Repeat this for each variable. Sum the points for each of the three predictors and 
locate the sum on the total points axis. Draw a line straight down to find the patient’s 
probability of surviving 12 or 24 months following resection of an extrahepatic 
cholangiocarcinoma, assuming that he/she does not die of another cause.
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Figure 4  Calibration of the reduced model as demonstrated by the predicted probability of 3 

year cancer-specific survival plotted against the observed probability (solid line). Solid 
points indicate predicted survival in subcohorts of the original database; cross symbol 
indicates predicted survival in subcohorts of 200 bootstrap samples. Vertical lines 
represent confidence intervals. The dotted line defines perfect calibration.

DISCUSSION

Even after potentially curative surgery for extrahepatic CCA, more than half of the 
patients die ultimately of their disease during the follow-up period.29 Analysis of the 
present series shows an overall 5-year survival rate of 26%, with the best CSS of 42% 
at 5-year follow-up in the group of patients with proximal tumors. However, location 
was not an independent prognosticator. Both a full model containing multiple poten-
tial clinicopathological factors and a reduced model with only lymph node status, 
microscopically residual tumor status at resection margins, and tumor differentia-
tion grade predicted survival better than the TNM staging system.

According to the current literature, the prognostic significance of the location 
of an extrahepatic CCA is uncertain.4;10-14 The largest single-institution study com-
paring intrahepatic and proximal bile duct with distal extrahepatic bile duct cancer 
found a 5-year overall survival rate of 10% for proximal tumors and 23% for distal 
lesions.4 Similarly, in a report from the Memorial Sloan–Kettering Cancer Center 
including 206 patients, the 5-year estimated CSS was 29% and 43% for proximal and 
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distal lesions, respectively.14 The conclusion from both studies was, however, that 
tumor location appeared of low prognostic significance and that a tumor margin-free 
resection remains the best prognosticator for long-term survival, followed by nega-
tive lymph node status.

Significant factors identified for decreased survival in this series included disease 
spread to regional lymph nodes, microscopically residual tumor status at resection 
margins, and poor tumor differentiation. The prognostic significance of location 
was only present at the level of univariable analyses, and in contrast to the above-
mentioned studies, there was a trend for a survival benefit in the proximal group. 
Notwithstanding the observation that these tumors most often showed positive sur-
gical margins, the good mid-term survival is rather considered good palliation. Still, 
the hypothesis, as proposed by others, that location of the tumor within the duct has 
prognostic significance because of the readiness to resect the lesion and to obtain a 
negative margin cannot be confirmed in this series.14 Nevertheless, to obtain a micro-
scopically tumor-free resection margin is the main goal, since from multivariable 
analyses this remained an independent prognosticator for the entire group of CCA. 
Specifically, patients with a mid CCA who would undergo a local resection could 
benefit from a more extensive surgical approach. Other recent studies all advocate an 
extensive surgical approach to achieve favorable long-term results.

The UICC TNM guidelines generally recommend a minimum of 10 lymph 
nodes for adequate pathological assessment of nodal status.27 Anatomical differences 
between patients but also the diligence of the pathologist in recovering lymph nodes 
from the resection specimen are recognized factors in determining the number of 
lymph nodes. A detailed knowledge of the anatomical distribution of lymph nodes, 
e.g. according to the Japanese Pancreatic Society classification for PD specimens, 
significantly improves lymph node yield and possibly enhances pathologic assess-
ment for staging.30 A drawback of the present study is that such a classification 
has not been implemented in the pathological dissection protocol in our institute. 
Another factor that determines the number of lymph nodes in a resection speci-
men is the type of surgical resection. Consistent with other studies, we found that 
distal tumors were more frequently associated with a higher number of recovered 
lymph nodes and identified tumor positive nodes compared with proximal tumors.14 
A possible explanation could be the anatomic limitation of portal node dissection for 
proximal tumors that restricts the number of recovered nodes to the hepatoduodenal 
ligament.14 Also, lymph node involvement outside the hepatic hilar region, as intra-
operatively determined with frozen section, led to cancellation of resection in later 
years. Probably, this led to a decreased proportion of patients with proximal CCA 
and lymph node metastases in the resected specimen. Nevertheless, this unequal 
distribution of positive nodes within groups did not result in a significant survival 
difference and moreover, the presence of identified tumor-positive nodes remained 
an independent prognosticator.

From the data of the reduced model, we have developed a nomogram with three 
variables (lymph node status, tumor differentiation grade, residual tumor margin 

Challenging dogmas in pancreatic surgery_007.indd   261 20-9-2012   13:49:40



Pa
rt

 IV
 

D
ia

gn
os

is
 a

nd
 P

ro
gn

os
is

 o
f H

ep
at

op
an

cr
ea

tic
ob

ili
ar

y 
D

is
ea

se
s

262

status). In contrast to other gastrointestinal tumors such as esophageal carcinoma, 
validation of a staging system with these alternative factors as opposed to the TNM 
staging system has to our knowledge not yet been carried out for CCA.31 Applying 
the nomogram requires summarizing points belonging to these three variables and 
drawing lines. This simplicity allows easy day-to-day clinical use. The nomogram pro-
vides survival probabilities to survive 1 or 2 years following surgery, which is valuable 
and easy to interpret information for the individual patient. The nomogram we have 
presented estimates prognosis postoperatively in patients who underwent potentially 
curative surgery for extrahepatic CCA. Its use is limited to the postoperative situa-
tion. Although conclusive evidence regarding benefit of adjuvant chemotherapy, the 
type of regime, and which specific patients might benefit has not been established 
for CCA, the nomogram could aid in future selection for this kind of treatment.32

As shown in previous studies, TNM-staging alone had moderate prognostic qual-
ities.33 Stage 0 and IA were associated with the most favorable survival, whereas stage 
III was evidently associated with the worst prognosis. However, for the stages in 
between, no clear differences were observed, stages IB and IIA even overlapped. This 
inconsistency of the TNM staging system and the need for revision to achieve more 
accurate survival estimates have been observed previously.14;15;33 By adding other clin-
icopathological prognostic factors to the model, more accurate estimates of survival 
for patients with distal or proximal CCA are possible. The prognostic model in the 
present study, using variables from the Cox regression analyses, led to an improve-
ment in the prediction of CSS after resection compared with TNM-staging alone. 
However, there are some limitations with respect to our findings. Precise survival 
prediction for the individual patient is still not possible; the full and reduced mod-
els only predict the likelihood that a population of similar patients will survive a 
defined period of time. Although internally valid, the nomogram should further be 
externally validated in another large series of resected CCA for reliability and con-
sistency. Furthermore, prediction models as constructed in the present study should 
be considered dynamic. The knowledge over different molecular (gene- and protein 
expression) markers in gastrointestinal tumors is rapidly increasing. Incorporation 
of such markers into the model could further increase its accuracy.

In conclusion, patients with distal CCA were associated with a less favorable CSS 
after resection compared with mid or proximal lesions; however, location was not an 
independent prognostic factor. A microscopically margin-negative resection was the 
only prognostic factor determined by the surgical procedure. Specifically, for mid 
CCA, this implicates that, in order to improve survival, the surgical procedure should 
be extended either with partial liver resection or with PD, depending on the location 
of the lesion closer to liver or pancreas. A prognostic model using lymph node status, 
microscopically residual tumor status, and tumor differentiation grade was better 
compared with TNM staging. This reduced model provides more reliable prognostic 
information and might be helpful to offer tailored adjuvant therapy.
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ABSTRACT

Purpose
To compare health-related quality of life (HRQOL) in patients with pancreatic cancer 
undergoing surgery with preoperative biliary drainage (PBD-strategy) versus sur-
gery without (early surgery strategy). The secondary objective is to evaluate patient-
reported treatment strategy preference.

Methods
Patients who participated in an earlier multicenter randomized controlled trial were 
recruited at the initiating trial center. Evaluable patients self-completed question-
naires prior to randomization, two weeks following PBD [PBD-group], and three and 
six weeks after hospital discharge following surgery. HRQOL was measured with the 
EORTC QLQ-C30 and PAN-26 and were evaluated with analysis of repeated meas-
urements.

Results
Of 73 patients, 38 (52%) underwent early surgery and 35 (48%) PBD. Clinical-patho-
logical and operative characteristics were not significantly different between groups. 
Mean reported overall health status improved significantly over time (P 0.002), but 
was statistically insignificant between groups (P 0.16). For 13 other HRQOL domains 
patients from both groups improved equally. Only for the hepatic symptom domain 
(jaundice, pruritus), PBD patients improved better (P 0.02), while early surgery 
patients reported slightly more treatment satisfaction (P 0.09). Most patients indi-
cated to prefer early surgery before initiation (80%) as well as after completing treat-
ment (76%).

Conclusion
From a HRQOL perspective early surgery and PBD strategy can be considered equiv-
alent. However, the majority of patients consistently choose early surgery as pre-
ferred treatment strategy, an important argument in favor for this strategy to prevail 
as routine strategy.

Challenging dogmas in pancreatic surgery_007.indd   268 20-9-2012   13:49:40



269Chapter 16 Preoperative Biliary Drainage and Quality of Life

INTRODUCTION

Malignant disease involving the extrahepatic distal biliary tract (pancreatic head 
area) is the most prevalent cause of obstructive jaundice, clinically characterized by 
jaundiced skin, nausea, pruritus, dark urine and discoloration of stools. Obstructive 
jaundice is the first presenting symptom in up to 90% of the patients. The progno-
sis of patients with pancreatic cancer is poor with the large majority dying within a 
year of diagnosis, A minority of patients are eligible for resection of the tumor, i.e. 
patients without radiological evidence of metastases or local unresectability, the only 
option for cure.1-3 . Even after operation prognosis is limited with an associated 5-year 
survival rate of around 10%. Therefore, health-related quality of life (HRQOL) after 
operation for pancreatic cancer, is regarded as a crucial outcome, in addition to mor-
bidity and mortality.4-8

As surgery in jaundiced patients was associated with a higher risk of postop-
erative complications than in non-jaundiced patients, preoperative biliary drainage 
(PBD) was introduced to reduce this risk.9-14 However, in a recent multicenter rand-
omized controlled trial, we found that routine PBD in fact increases the overall rate 
of treatment complications.15 Still, adequate PBD has been shown to resolve clinical 
symptoms associated with obstructive jaundice and to improve nutritional status. 
These advantages can be arguments to perform PBD.

Studies in breast cancer suggest that patients, who actively participate in their 
care are more satisfied with their care and may have better health outcomes.16-20 
Knowing patients’ treatment preferences helps effective decision making and may 
guide treatment decisions. Originally the belief that PBD for pancreatic cancer was 
beneficial had led to incorporation of the procedure in the treatment algorithm in 
many centers. Despite this belief we found that routine PBD was associated with 
more complications. Nevertheless, PBD relieves symptomatology of severe jaundice 
(pruritus, malnutrition etc.) and in theory could lead to an important improvement 
in HRQOL. As such this could be a preferred treatment strategy from the patient’s 
perspective, but this has never been demonstrated before.

Our primary objective was to analyze whether HRQOL and patient preferences 
could be arguments to perform PBD in jaundiced patients with pancreatic cancer 
by comparing a strategy with PBD followed by surgery and a strategy with surgery 
alone. HRQOL and treatment preferences were investigated at baseline and at several 
moments during treatment.

Challenging dogmas in pancreatic surgery_007.indd   269 20-9-2012   13:49:40



Pa
rt

 V
 

Pa
tie

nt
 R

ep
or

te
d 

O
ut

co
m

es
 F

ol
lo

w
in

g 
Pa

nc
re

at
ic

 S
ur

ge
ry

270

mETHODS

Study Population
Details on inclusion criteria, treatment allocation, and interventions have been 
described in detail in the study protocol and the publication with treatment compli-
cations.15;21 For the present study we included patients who were enrolled at the trial 
center of the multicenter cohort. In short, eligible patients with the clinical diagno-
sis of a pancreatic head tumor were 18 to 85 years old, had a baseline serum total 
bilirubin level of 40-250 µmol/L (2.3 to 14.6 mg/dL), and a CT scan that revealed no 
evidence of distant metastases or local vascular unresectability. Patients with severe 
co-morbidity (Karnofsky <50%), other contraindications for major surgery, ongoing 
cholangitis or previous PBD by stenting via endoscopic or percutaneous route were 
excluded. Other exclusion criteria were neo-adjuvant chemotherapy or severe gastric 
outlet obstruction (duodenal stenosis due to tumor ingrowth, defined as vomiting 
and an oral intake of <1 L/day).

Patients were randomly assigned to undergo either endoscopic PBD for 4 to 6 
weeks, a period considered necessary for restoration of normal major synthetic and 
clearance functions of the liver to take place, followed by surgery. The alternative 
strategy comprised only surgery within 1 week after diagnosis. Randomization was 
performed with a computer program. The Medical Ethics Committee at the trial 
center approved the study protocol. All participants provided informed consent 
before enrolment.

Interventions
PBD was performed via endoscopic route with plastic stent placement. If the proce-
dure was unsuccessfully carried out, the patient was referred to a tertiary centre for 
a second attempt or an attempt with percutaneous transhepatic cholangiography. A 
new stent was placed if signs of inadequate bile drainage, with or without cholangi-
tis, developed. After four to six weeks of drainage, patients underwent surgery.

The standard surgical procedure for resectable tumors was the pylorus-preserv-
ing pancreatoduodenectomy (PD).22 In case of suspected spread of tumor into the 
proximal duodenum or pylorus, a classical Whipple procedure was performed, with 
resection of the distal stomach. If resection was deferred because of metastases or 
local spread, biopsies were taken for histological diagnosis. Palliative treatment gen-
erally consisted of the creation of a hepaticojejunostomy with or without gastroenter-
ostomy and celiac plexus neurolysis.22-24

HRQOL Measurement
The European Organization for Research and Treatment of Cancer (EORTC) Core 
Quality of Life Questionnaire (QLQ-C30) and its pancreatic cancer module (QLQ-
PAN26) were used as cancer and tumor-specific HRQOL instruments.25;26 The 30-item 
QLQ-C30 questionnaire has five functional scales (physical functioning, emotional 
functioning, cognitive functioning, social functioning, and role  functioning); three 
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symptom scales (fatigue, pain, nausea and vomiting), and five individual symptoms 
(shortness of breath, insomnia, appetite loss, constipation, and diarrhea). The PAN-
26 questionnaire measures 16 pancreatic cancer-specific symptoms and functions: 
sexual functioning, pancreatic pain, digestive symptoms, flatulence, bloated abdo-
men, indigestion, dry mouth, hepatic symptoms (jaundice, pruritus), cachexia, 
altered bowel habit, body image, fear of future health, ability to plan future, health 
care satisfaction, burden of treatment side effects, and taste changes. Both instru-
ments are well-validated and widely used. The scale and item scores of both the 
QLQ-C30 and of the QLQ-PAN26 are expressed on 0–100 scales, with a higher score 
indicating better functioning or global QoL, or more symptoms or problems. For 
additional pain assessment we included a visual analogue scale (VAS, range 0-10). 
Answering options to monitor patient’s preference included: “PBD-strategy”, “early-
surgery without PBD”, “no preference”.

Data Collection
After inclusion for the trial and prior to randomization patients self-completed 
the HRQOL questionnaires. Two weeks after PBD was performed questionnaires 
were sent to home addresses (only PBD assigned patients), and three and six weeks 
after hospital discharge following surgery (both groups). Treatment preference was 
assessed prior to randomization and after hospital discharge.

To monitor medical outcomes outpatient visits were scheduled at two, six, and 12 
weeks after discharge. A standardized evaluation of symptoms, laboratory tests, and 
radiological investigations was performed.

Statistical Analysis
Overall health status (QLQ-C30) was the primary study end point, the remaining 
symptom and function scales, as well as the disease-specific scales were secondary 
endpoints with emphasis on the items health care satisfaction, burden of treatment 
side effects and hepatic symptoms. Analyses were performed on an intention-to-treat 
basis. The sample size of the original study was calculated to demonstrate non-infe-
riority of early surgery for the primary outcome (overall complications). The present 
study was not specifically powered to detect differences in HRQOL domain scores 
between groups. For individuals with missing values at follow-up we tested the 
assumption that potential covariates related to non-responsiveness predicted drop-
out (assigned treatment group, conflicting treatment choice, resection, age, gender, 
treatment complications).

Quality of life scores were evaluated with analysis of repeated measurements with 
either an independent or unstructured covariance structure depending on the fit of 
the model.27 For each scale, item score and the VAS pain score, a model was fitted that 
estimated levels for all combinations of time and treatment strategy group. Time and 
treatment group were included as fixed factors, patients were the random factor. An 
ANOVA test was performed to test for interaction between time and treatment group. 
Confidence intervals around all levels were computed based on the model. For easy 
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interpretation we also estimated for each HRQOL score average differences between 
groups over time using analysis of covariance with the baseline value for the specific 
HRQOL scale as covariate

Clinical parameters and outcomes were expressed as means with standard devia-
tion and as medians, as appropriate. A P-value of <.05 was considered statistically sig-
nificant. Statistical analysis was performed with the use of SPSS statistical software 
version 17.0.1 (SPSS Inc, Chicago, Ill, USA).

Table 1 Demographic and clinical characteristics.*

Early Surgery PBD
Characteristic (N=38) (N=35)

Patient variables
Age - yr 64.2 ±8.8 63.8 ±11.0
Males - no. (%) 27 (71) 22 (63)
Comorbidity - no. (%)

Diabetes mellitus 5 (13) 4 (11)
Cardiovascular disease (other than hypertension) 5 (13) 6 (17)
Hypertension 4 (11) 10 (29)
COPD 3 (8) 2 (6)

Body-mass index† 24.0 ±2.6 25.1 ±3.0
Duration of symptoms - median wks (IQR) 3 (2-4) 3 (2-8)
Weight loss - median kg. (IQR)‡ 5 (2-9) 5 (2-8)
Karnofsky performance score - no. (%)

≥80 38 (100) 33 (94)
<80 - 2 (6)

Total serum bilirubin level§ 150 ±55.6 163 ±60.7
Treatment variables

Underwent PBD - no. (%) 2 (5) 35 (100)
Time to surgery - wk (mean, 95% CI) 1.2 (0.9-1.4) 5.2 (4.8-5.5)

Pathological variables¶

Cause of obstructive jaundice - no. (%)
Adenocarcinoma 37 (97) 32 (91)
Cystic tumor 1 (3) 2 (6)
Chronic pancreatitis -   1 (3)

* Plus-minus values are means ±SD. IQR denotes interquartile range, CI confidence interval. PBD 
preoperative biliary drainage.

† Body-mass index is the weight in kilograms divided by the square of the height in meters.
‡ Compared to reported weight one year earlier.
§ To convert values for bilirubin to milligrams per deciliter, multiply by 0.0584.
¶ Numbers and percentages shown obtained through frozen section (when not resected), or at 

pathological investigation(after resection).
 CI, confidence interval; ES, early surgery; IQR, interquartile range; PBD, preoperative biliary 

drainage.
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RESULTS

Clinical Outcomes
Figure 1 displays the patient flow. Of 82 trial patients treated at the trial center 73 
(89%) agreed to participate in the HRQOL study. During the study period one of 
the 38 early-surgery patients versus 4 of the 35 PBD group patients died (P 0.14). The 
two patient groups were similar with respect to clinical characteristics, except for 
a higher incidence of hypertension (11% vs. 29%) and a slightly higher mean body 
mass index in the PBD group (24.0 vs. 25.1) (Table 1). All patients in the PBD group 
and 2 of the 38 patients in the early surgery group underwent PBD. Reasons for early-
surgery group patients to undergo PBD were intercurrent cholangitis developed after 
earlier endoscopy without PBD (in one patient), and hyperglycemia (serum glucose 
level, 77 mmol/L) (in one patient).

The surgical procedures were PD in 7 (10%) patients, a pylorus-preserving PD in 
37 (51%), and a palliative bypass procedure in 29 (40%) patients without differences 
between the two treatment groups. The rates of serious overall complications were 
34% (13 patients) in the early-surgery group and 71% (25 patients) in the PBD group (P 
0.001). Complications that were associated with PBD occurred only in the PBD group 
in 17 (49%) patients. Surgery-related complications occurred in 13 (34%) patients in 
the early-surgery group and in 15 (43%) patients in the PBD group (P 0.45). Median 
cancer specific survival for the entire group was 14 (IQR 10-18) months, while survival 
for those who underwent resection was 27 (IQR 20-33) months versus 8 (IQR 6-11) for 
patients who underwent a palliative bypass procedure (log-rank test: P<0.001). There 
were no differences between the treatment groups for any of these figures.

Included for primary analysis at 
trial center (n=82)

Randomized
(n=73)

Did not participate with HRQOL 
study (n=9)

Allocated to PBD (n=35)
Received allocated strategy (n=35)

Allocated to early surgery (n=38)
Received allocated strategy (n=36)

Lost to follow-up (n=0)
Died within study period (n=4)

Lost to follow -up (n=0)
Died within study period (n=1)

Analysed (n=35)Analysed (n=38)

Figure 1 Flowchart of the HRQOL study comparing HRQOL of an early surgery 
strategy with a PBD strategy in 73 patients undergoing pancreatic cancer surgery.
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HRQOL Outcomes
None of the defined covariates, that could potentially be related to drop-out of living 
patients at follow-up, was significantly associated with the occurrence of missing 
values. Therefore, the acquired responses can be considered representative for the 
entire group.

The mean reported global health status for the entire group was 49 (SD 25) before 
randomization, 54 (SD 25) two weeks following PBD (PBD group only), and 57 (SD 20) 
and 61 (SD 18) three respectively six weeks after hospital discharge. The within-group 
improvement over time for the entire group was significant (P=0.002), but there 
was no statistically significant difference in improvement between the early surgery 
versus PBD-strategy group (P 0.16). Of the complete set of measured QoL domains 13 
scales significantly improved for the entire group at latest follow-up (Table 2). For the 
domain fear of future health scores had significantly improved compared to baseline 
values. Pain scores (Table 2) generally remained unchanged throughout the treat-
ment. None of the scores worsened over time.

With the exception of pain patients in the PBD-group reported improvement on 
each QoL domain 2 weeks after PBD and prior to surgery. After completing surgi-
cal treatment we observed a persistent and significant improvement on the hepatic 
domain (jaundice, pruritus) in favor of the PBD-group compared to early surgery 
(Figure 2). The burden of treatment side effects was slightly higher at latest follow-up 
compared to baseline, but not different between groups (Figure 2). Patients in the 
early surgery group reported a higher satisfaction with health care at latest follow-up.

Patient Treatment Preference
Prior to randomization the majority of the entire group (80%) expressed a preference 
to undergo early surgery without PBD (Table 3). This preference remained practi-
cally unchanged after completion of treatment (76%). Within groups the number of 
patients who had undergone and preferred early surgery remained consistently high, 
while within the PBD group a few patients had changed their choice to neutral. Still, 
within this group the majority (54%) indicated after completing treatment that they 
had preferred to undergo early surgery.

Table 3 Treatment strategy preference, early surgery versus preoperative biliary drainage 
(PBD) of 73 patients undergoing pancreatic cancer surgery.

  Before Treatment   After Treatment*

All 
patients

Early 
Surgery 

PBD 
Group

All 
patients

Early 
Surgery 

PBD 
Group

Preference (N=73) (N=38) (N=35) (N=49) (N=25) (N=24)

Early Surgery – no. (%) 59 (80) 35 (92) 24 (69) 37 (76) 24 (96) 13 (54)
Preoperative Biliary Drainage 
– no. (%)

5 (7) - 5 (14) 4 (8) - 4 (17)

No preference – no. (%) 3 (4) 3 (8) 6 (17) 8 (16) 1 (4) 7 (29)

PBD, preoperative biliary drainage.
* preferences of available patients.
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Figure 2  Domains that measure the burden of treatment side effects and hepatic symptoms 
(jaundice, pruritus) for patients randomized to early surgery (ES; dotted line) and 
preoperative biliary drainage (PBD; solid line) from the EORTC PAN-26. The graph 
shows the mean scores with standard error of the mean at different time intervals.

DISCUSSION

In the present study we evaluated HRQOL and treatment strategy preference of 
patients who were scheduled for resection of a pancreatic head tumor and were ran-
domized to either an early surgery strategy or a PBD strategy. In the original trial we 
demonstrated that short-term overall complication rate was higher for a PBD-strat-
egy, while in the present study we found that HRQOL during this period is almost 
equal. We observed a significant improvement over time for the majority of HRQOL 
domains for the entire group, while none of the scores worsened. Only on the hepatic 
domain patients that had undergone PBD improved significantly better compared 
to early surgery. Patients that underwent early surgery reported a slightly higher 
treatment satisfaction. The large majority of the entire group consistently expressed, 
before initiating and after completing treatment, early surgery to be the preferred 
treatment strategy from their own perspective.

The finding that HRQOL scores return to preoperative levels following surgery 
for pancreatic cancer, or even improve, was also demonstrated by others.23;28-31 The 
fact that we did not detect any clinically significant differences between strategies 
confirms that an early surgery strategy also in view of HRQOL is safe to implement. 
However, when early surgery is not feasible, e.g. logistics or during a scheduled 
period of neoadjuvant treatment, PBD might be necessary to provide a bridge to sur-
gery.15 In return the present study shows that, presumably due to rapid resolution of 
jaundice and associated symptoms, function and symptom scores after PBD improve 
already two weeks following stent placement. Moreover, post-treatment scores do 
not relate negatively to early surgery, granting selective PBD from the perspective of 
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HRQOL. The temporary decrease for both strategies in various domains, as observed 
in the first measurement after surgery, could be attributed to impairments caused 
by surgery.

In general the return of HRQOL to baseline level at latest follow-up supports 
initiation of surgical treatment, including surgical palliation in selected patients. 
From an earlier study we already know that these improvements reach a plateau 
phase before symptoms associated with recurrent disease occur.29 An explanation for 
HRQOL to return to preoperative values after treatment, despite being confronted 
with a serious illness and major surgery, has been suggested to result from patients 
adjusting to their prognosis with time.29 Respondents may change their frame of 
reference and as a result lower internal standards (‘response shift’) and rate the same 
condition better than they would have if they had not experienced a serious illness.32

We demonstrated before that a routine PBD strategy results in a significant 
increase in complications. Remarkably, in the present study we did not find signifi-
cant differences in treatment side effects that patients experienced. Despite more 
complications PBD patients do not rate the burden of treatment differently from 
patients that undergo early surgery. An explanation could be that the diagnosis 
of pancreatic cancer with associated poor prognosis, and the major surgery a PD 
implies both overshadow the possible relative influence of side-effects of treatment. 
In light of the diagnosis patients accept unforeseen events during their treatment, 
irrespective of treatment strategy. Another explanation could be that the instrument 
we used was not sensitive enough to detect a difference.

For the hepatic domain we found an earlier and persistent improvement in favor 
of the PBD-group, which can be explained by the fact that symptoms start to resolve 
immediately after successful stent placement. After 4-6 weeks of drainage patients 
undergo surgery during which either the tumor is resected or a bypass procedure is 
performed, providing a long-lasting solution to obstructive jaundice. The time-lag 
created by drainage probably explains the benefit on the hepatic domain reported by 
PBD patients at latest follow-up, while at that time early surgery patients have not yet 
fully recovered.

For patients that were assigned to an early surgery strategy we observed a trend 
towards a higher satisfaction with treatment. Apparently early surgery patients 
appreciate the provided health care, in which surgery is scheduled within 10 days 
from diagnosis, higher compared to a PBD strategy with a scheduled 4-6 weeks 
delay to perform biliary drainage. These findings concord well with the report of the 
overwhelming majority of patients, that early surgery is their preferred treatment 
strategy, if they had the possibility to choose between strategies. Furthermore, the 
fact that HRQOL in newly diagnosed cancer patients waiting for initial surgery is 
seriously impaired caused by the diagnosis and by a waiting period before treatment-
initiation, is well established.33 It is recommended to keep this waiting period brief. 
To uphold this view an early surgery should be considered the standard treatment 
strategy.
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Nowadays, patients demonstrate a strong desire for information, and many wish 
to participate in treatment decision making.34 More active decision making yields 
higher patient satisfaction, and as a consequence, shared decision making between 
physicians and patients is increasingly being advocated. Prior to giving a treat-
ment preference, unbiased information concerning treatment options and risks is 
required. From our original trial we know that PBD implies an increased complica-
tion risk, whereas the present study shows that PBD results in rapid reported clinical 
recovery.15 Another argument to perform PBD could be that patients might require 
some time to adapt to the diagnosis of pancreatic cancer and the required major 
surgery with substantial morbidity. PBD may provide the necessary time window 
the patient needs to think through the consequences. From another study we know 
that PBD does not compromise overall survival.35 Therefore, the decision whether 
or not to perform PBD could be considered a matter of value judgment. Although 
exceptional we had one patient in the original trial, who in light of the poor progno-
sis, refused further surgical treatment after successful stent placement.15 Finally, the 
HRQOL outcomes we measured in the present study were obtained from submit-
ted treatment strategies. Possibly different outcomes can be observed when in close 
patient-physician concordance a choice for a specific treatment strategy is made.

A limitation of the present study is the relatively small sample size in light of the 
number of HRQOL outcomes. The original trial was designed and powered to dem-
onstrate noninferiority of early surgery. No sample size calculations were made to 
test for major differences in HRQOL between groups. Therefore, we cannot rule out 
the possibility that potential differences between groups were not detected because 
of limited patient numbers. Nevertheless, we could hypothesize that for the time-
span used in this study it seems unlikely that larger groups will yield significantly 
different results considering the fact that nearly all HRQOL domains followed an 
equal course for both groups. Furthermore, strengths of our study are excluding 
response by testing for selective drop-out, we employed an analysis method that is 
relatively insensitive to missing values, and we used standardized questionnaires. 
Furthermore, our study is the first that has addressed the suspected beneficial role 
of PBD from the patient’s perspective and failed to show any benefit, which can be 
considered a novel finding.

In conclusion, the present study shows that from the perspective of HRQOL an 
early surgery and a PBD treatment strategy for patients with pancreatic cancer, who 
are eligible for resection, can be considered equivalent. Since the large majority of 
patients consistently express early surgery to be the preferred treatment strategy, this 
brings forward an important argument to implement early surgery as routine treat-
ment strategy. Future studies should be directed at long-term HRQOL and the role 
of PBD in large samples. Monitoring long-term outcomes should also include the 
possibility of symptoms occurring due to recurrent disease.
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ABSTRACT

Background
In patients with pancreatic cancer eligible for resection, the prognostic significance 
of preoperative and early postoperative health-related quality of life (HRQOL) for sur-
vival has not been investigated.

Methods
A multicenter randomized controlled trial investigated the value of routine preopera-
tive biliary drainage. Patients included at the trial center were asked to participate in 
a parallel HRQOL study. Questionnaires were completed before and six weeks after 
hospital discharge (EORTC QLQ-C30, pancreatic module [PAN-26]). We performed 
uni- and multivariable Cox regression modeling to examine the prognostic value of 
preoperative HRQOL and clinical parameters, and secondly the value of postopera-
tive HRQOL, clinical parameters and pathological variables.

Results
Of 82 included patients 71 could be evaluated for the present study. In the multivari-
able preoperative model the HRQOL symptom scale pancreatic pain (P=0.009) was 
independently predictive for disease specific survival (DSS), weight loss (P=0.009) 
was predictive for overall survival. In the multivariable postoperative model the 
HRQOL scale fatigue (P=0.013), surgical complications (P=0.008), and microscopic 
residual tumor (P<0.001) predicted DSS and overall survival in patients undergo-
ing resection of the tumor. For patients who underwent palliative surgery due to 
unresectable disease the symptom domain altered bowel habit (P=0.05) was the only 
HRQOL prognosticator approaching significance for survival. Functional HRQOL 
scales neither preoperatively, nor postoperatively had significant predictive value.

Conclusions
In the present series preoperative (pancreatic pain), and postoperative (fatigue, 
altered bowel habit) HRQOL symptom scales were independent prognostic predic-
tors for survival, besides established clinical-pathological parameters. These novel 
findings should be taken into account when surgery for pancreatic cancer is consid-
ered, and can be used to more accurately predict survival after treatment.
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INTRODUCTION

In western countries pancreatic cancer currently is the 4th cancer type for death with 
an incidence of 10-15 per 100.000 per year.1 Radical resection of a tumor in the pan-
creatic head is the only option that leads to long-term survival. Metastatic disease or 
extensive locoregional ingrowth at the time of presentation precludes such a resec-
tion in most patients.2 Despite macroscopic removal of the tumor long-term survival 
still remains limited with reported 5-year survival rates after resection up to 8-10% 
in studies with complete follow-up.3-5 Periampullary carcinoma (distal common bile 
duct, ampullary carcinoma) are associated with moderately better survival rates.6-8 
For the respective tumor entities several well-known predictors, mostly concerning 
operative and pathological factors, have been demonstrated to influence long-term 
survival.8-16

An increasing number of studies, as well as a systematic review and a meta-anal-
ysis of individual patient data suggest that health-related quality of life (HRQOL) 
scales provide prognostic information in oncological/cancer patients in addition to 
that of sociodemographic and clinical measures.17-22 HRQOL data have thus been 
shown to help predict survival in patients with cancer. For esophageal cancer few 
studies exist that assess HRQOL outcomes in relation to survival in patients under-
going surgical treatment.23-25 The amount of research concerning other surgically 
treated cancer sites is scarce. Although for pancreatic head cancer descriptive series 
have reported HRQOL data following surgical treatment, to our knowledge no stud-
ies exist that have investigated the potential role of HRQOL as prognostic factor for 
survival in this specific patient category.

The aim of the present study is to investigate whether pre- and postoperative 
HRQOL scores, in addition to several established clinical-pathological prognostica-
tors, are associated with survival in patients eligible to undergo surgery for cancer of 
the pancreatic head

PATIENTS AND mETHODS

Study Population
Data were collected in patients who had participated in a randomized, controlled 
multicenter trial comparing preoperative biliary drainage (PBD), followed by surgery, 
with surgery alone (ISRCTN31939699).26 For the present study patients evaluated at 
the trial center, an academic medical center, were included. The study was approved 
by the medical ethics committee. Prior to treatment randomization patients were in 
detail informed on the two treatment arms, early surgery or PBD with surgery. All 
patients or their legal representatives provided written informed consent for study 
participation. Included patients were 18 to 85 years of age, had a serum total bilirubin 
level of 40 to 250 μmol per liter (2.3 to 14.6 mg per deciliter), and had no evidence of 
locoregional unresectable or metastatic disease on computed tomography.
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The standard PBD procedure was performed via endoscopic route with plastic 
stent placement. The standard surgical procedure for resectable tumors was the 
pylorus-preserving pancreatoduodenectomy (PD).27 In case of suspected spread of 
tumor into the proximal duodenum or pylorus, a classical Whipple procedure was 
performed, with resection of the distal stomach. If resection was deferred because of 
metastases or local spread, biopsies were taken for histological diagnosis. Palliative 
treatment generally consisted of the creation of a hepaticojejunostomy with or with-
out gastroenterostomy and celiac plexus neurolysis.27-29

Further details on inclusion criteria and interventions have been described in 
detail in the study protocol and the result of the primary analysis.26;30 Concerning 
the primary endpoint, overall complications of treatment, we found a significantly 
higher rate for the PBD strategy. Surgical complications and mortality were not sig-
nificantly different. For the present analysis, we used data of patients with histologi-
cal proven malignancy.

Quality-of-Life Measurement
The European Organization for Research and Treatment of Cancer (EORTC) Qual-
ity of Life Questionnaire C30 (QLQ-C30) and its pancreatic cancer module (QLQ-
PAN26) were used as cancer and tumor-specific HRQOL instruments.31;32

The 30-item QLQ-C30 questionnaire evaluates five functional domains (physical 
functioning, emotional functioning, cognitive functioning, social functioning, and 
role functioning); three multi-item symptom scales (fatigue, pain, nausea and vom-
iting), and five individual symptoms (shortness of breath, insomnia, appetite loss, 
constipation, and diarrhea).

The PAN-26 questionnaire measures 16 pancreatic cancer-specific symptoms 
and functions: sexual functioning, pancreatic pain, digestive symptoms, flatulence, 
bloated abdomen, indigestion, dry mouth, hepatic symptoms (jaundice, pruritus), 
cachexia, altered bowel habit, body image, fear of future health, ability to plan future, 
health care satisfaction, burden of treatment side effects, and taste changes. Both 
instruments are well-validated and widely used questionnaires. The scores of both 
the QLQ-C30 and of the QLQ-PAN26 are linearly transformed to a scale of 0–100, 
with a higher score indicating better functioning or global QoL, or more symptoms 
or problems.

Data Collection
After inclusion for the trial and prior to randomization patients self-completed the 
HRQOL questionnaires. Six weeks after hospital discharge following surgery ques-
tionnaires were sent to home addresses. Survival data were collected through con-
tacting hospitals, general physicians and registry databases.
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82 Patients included for primary
analysis at trial center

71 Were available for 
Preoperative HRQOL Analysis

11 Were excluded for present study
9 Did not participate in HRQOL study
2 Had benign disease

67 Were available for 
Postoperative HRQOL Analysis

4 Died inhospital due to complications

Figure 1  Flowchart of patients undergoing pancreatic cancer surgery that were available for 
HRQOL and survival analysis pre- and postoperatively.

Statistical Analysis
The primary outcome parameters were overall survival and disease-specific survival 
(DSS), i.e. time until death due to (recurrent) pancreatic or periampullary cancer. 
For DSS, patients who died due to postoperative complications and unrelated causes 
were censored at their time of death. Survival times were calculated from the time 
of operation to the time of death. Kaplan-Meier estimates of survival were obtained. 
For comparisons in survival between groups we used log-rank test statistics. HRQOL 
and clinical parameters and outcomes were expressed as means with standard devia-
tion or medians with ranges, where appropriate.

Univariable Cox regression analysis was first performed using all preoperative 
HRQOL domains and subscales, as well as several sociodemographic and clinical 
factors (age, gender, weight loss). Continuous variables were examined in relation 
to the outcome by using restricted (natural) cubic splines (4 knots), in case graphi-
cal analyses showed that the relation was non-linear, or another appropriate trans-
formation was chosen. Secondly, we repeated the analysis for which we considered 
all postoperative HRQOL domains and subscales, the clinical-pathological factors, 
and operation characteristics tumor resection and surgical complications. Addition-
ally, for patients that had undergone resection the following pathological factors were 
considered: pancreatic adenocarcinoma (versus other malignancies), tumor positive 
lymph nodes and microscopically residual disease.

When performing the multivariable Cox regression analysis we stratified whether 
patients had undergone tumor resection considering the profound effect resection 
has on survival, and the fact that well-known pathological variables only apply to 
resected tumors. For the multivariable analysis we performed a forward selection 
procedure starting with the strongest predictor and adding variables from the uni-
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variable analysis with P<0.1. Multivariable models were created keeping only vari-
ables with P<0.05. For individuals with missing values at follow-up we tested the 
assumption that potential covariates related to non-responsiveness predicted drop-
out (assigned treatment group, resection, age, gender, surgical complications). A 
P-value of <.05 was considered statistically significant. Statistical analysis was per-
formed with the use of SPSS statistical software version 17.0.1 (SPSS Inc, Chicago, 
Ill, USA).

Table 1 Clinicopathological characteristics of 71 patients with histology-proven malignant 
disease.*

All patients
Characteristic (N=71)

Patient variables
Age – yr 64.1 ± 9.5
Females – no. (%) 23 (32)
Epigastric Pain – no. (%) 35 (49)
Nausea or Vomiting – no. (%) 20 (28)
Body-mass index† 24.5 ± 2.8
Weight loss – median kg. (IQR)‡ 5 (2-8)

Treatment variables
Underwent PBD – no. (%) 36 (51)
Type of surgical treatment – no. (%)

Resection 42 (59)
Palliative bypass procedure 29 (41)

Complications related to surgery – no. (%)§ 27 (38)
Hospital stay - median days (IQR) 10 (7-15)
Inhospital death – no. (%) 4 (6)

Pathological variables¶

Unresectable disease – no. (%) 29 (41)
Characteristics of resectable tumors – no. (%)

Pancreatic adenocarcinoma 25 (60)
Ampullary adenocarcinoma 10 (24)
Common bile duct adenocarcinoma 3 (7)
Duodenal adenocarcinoma 1 (2)
Cystic tumor 3 (7)

Tumor positive lymph nodes (N1) 26 (62)
Microscopically residual disease (R1) 13   (31)

* Plus-minus values are means ±SD unless otherwise noted. IQR denotes interquartile range, CI 
confidence interval, PBD preoperative biliary drainage.

† Body-mass index is the weight in kilograms divided by the square of the height in meters.
‡ Compared to reported weight one year earlier.
§ Number of patients with one or more surgical complications, which comprise 

pancreaticojejunostomy leakage, delayed gastric emptying, biliary leakage, gastro-/
duodenojejunostomy, intra-abdominal abscess formation, wound infection, cholangitis, hemorrhage, 
(emergency) (re)laparotomy, pneumonia.

Definitions of complications can be found in the Supplementary Appendix of the publication of the 
original trial.26¶ Numbers and percentages shown obtained through frozen section (when not 
resected), or at pathological investigation (after resection).
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RESULTS

Between 2004 and 2008, 82 patients were randomized for surgery with or without 
PBD. Nine patients did not participate in the HRQOL study, while another 2 turned 
out to have benign disease and had to be excluded (Fig. 1). Table 1 shows clinical-
pathological characteristics of participating patients. The majority of patients was 
male. Most patients underwent resection, for the largest part for a pancreatic ductal 
adenocarcinoma. The last check on follow-up was performed in January 2010. Of the 
entire group 56 patients (79%) had died (overall mortality), 51 (72%) due to recurrent 
or residual disease (DSS). Figure 2 shows the Kaplan Meier DSS curve for the entire 
group. Median DDS time was 14.7 months (95% CI 12.0-17.5), median overall survival 
time 14.0 months (95% CI 9.3-18.9). Median DSS time for patients that underwent 
resection was 26.5 months (95% CI 20.4-32.7) versus 8.2 months (95% CI 5.5-10.9) 
for those who underwent palliative surgery (log rank test P<0.001). The Kaplan Meier 
DSS curves for the groups are shown in Figure 3. Median overall survival times were 
24.3 months (95% CI 12.1-36.4) and 8.2 months (95% CI 5.5-10.9) respectively.

Table 2 Pre- and postoperative quality of life scores (mean and standard deviation) in patients 
undergoing surgery for pancreatic cancer.

Preoperative QoL Postoperative QoL
variables (N=71) (N=49)

EORTC QLQ-C30 QoL scores
Functional Scales (100=best)

Global Health Status 49 (25) 60 (18)
Physical Functioning 82 (21) 77 (14)
Role Functioning 62 (33) 60 (23)
Emotional Functioning 61 (21) 75 (19)
Cognitive Functioning 80 (22) 89 (14)

Symptom Scales (0=best)
Fatigue 45 (29) 39 (19)
Pain 27 (27) 21 (20)
Nausea / Vomiting 24 (25) 13 (19)

EORTC PAN-26 QoL scores
Symptom Scales (0=best)

Pancreatic Pain 29 (22) 29 (18)
Cachexia 35 (27) 35 (27)
Altered Bowel Habit 52 (29) 34 (24)
Taste Changes 37 (39) 27 (31)

EORTC QLQ-C30 quality of life questionnaire for cancer patients.
EORTC PAN-26 pancreatic cancer module to EORTC QLQ-C30.
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Figure 2  Disease specific survival curve for the entire group following surgery for 
pancreatic cancer.

Figure 3  Disease specific survival curves for patients that underwent resection of pancreatic 
cancer versus those who underwent palliative surgery (log rank test P<0.001).
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At median 2.0 weeks (IQR 1.0-5.9) before the day of operation all patients provided 
baseline HRQOL questionnaires. Four patients died within the study period. Of the 
remaining 67 patients 45 (67%) completed postoperative questionnaires at median 
7.4 (IQR 7.0-8.1) weeks after surgery. Generally, mean HRQOL domain and subscale 
scores remained unchanged or improved after surgery (Table 2).

On univariable Cox regression analysis for preoperative factors associated with 
survival only HRQOL symptom scale pancreatic pain was significantly predic-
tive for DSS (HR 1.02; P=0.009) and overall survival (HR 1.01; P=0.013) (Table 3). 
Clinical parameter (increased) weight loss also proved predictive for DSS (HR 3.37; 
P=0.027) and overall survival (HR 3.80; 0.009). With respect to postoperative factors 
HRQOL symptom scales fatigue (HR 1.03; P=0.012), nausea and vomiting (HR 1.03; 
P=0.006), cachexia (HR 1.02; P=0.002), altered bowel habit (HR 1.02; P=0.029), and 
taste changes (HR 1.02; P=0.013) were significantly associated with survival (equally 
for DSS and overall). Tumor resection was highly predictive for a favorable outcome 
(HR 0.23; P<0.001), whereas microscopically residual tumor for those who under-
went resection predicted early death (HR 5.63; 0.001).

Table 4 Multivariable Cox regression analysis of preoperative risk factors for survival in 
patients undergoing surgery for pancreatic cancer. 

  Preoperative factors
Disease specific survival   Overall survival

variables HR (95% CI) P   HR (95% CI) P

QLQ-C30 Global Health Status Not in model   Not in model
QLQ-C30 Physical Functioning Not in model Not in model
QLQ-C30 Role Functioning Not in model Not in model
QLQ-C30 Emotional Functioning Not in model Not in model
QLQ-C30 Cognitive Functioning Not in model Not in model
QLQ-C30 Fatigue Not in model Not in model
QLQ-C30 Pain Not in model Not in model
QLQ-C30 Nausea / Vomiting Not in model Not in model
PAN-26 Pancreatic Pain 1.02 (1.00-1.03) 0.009 Not in model
PAN-26 Cachexia Not in model Not in model
PAN-26 Altered Bowel Habit Not in model Not in model
PAN-26 Taste Changes Not in model Not in model
Age Not in model Not in model
Gender Not in model Not in model
Weight loss [kg] (LOG) Not in model 3.80 (1.36-10.6) 0.009

HR, hazard ratio; CI, confidence interval; LOG, logarithmic transformation;
EORTC QLQ-C30 quality of life questionnaire for cancer patients;
EORTC PAN-26 pancreatic cancer module to EORTC QLQ-C30.
All variables with a P-value<0.05 were made bold.
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Table 5 Multivariable Cox regression analysis of postoperative risk factors for overall and 
disease-specific survival in patients undergoing surgery for pancreatic cancer. 

  Postoperative factors
Resection Palliative Surgery

variables HR (95% CI) P   HR (95% CI) P

QLQ-C30 Global Health Status Not in model Not in model
QLQ-C30 Physical Functioning Not in model Not in model
QLQ-C30 Role Functioning Not in model Not in model
QLQ-C30 Emotional Functioning Not in model Not in model
QLQ-C30 Cognitive Functioning Not in model Not in model
QLQ-C30 Pain Not in model Not in model
QLQ-C30 Fatigue 1.04 (1.01-1.08) 0.013 Not in model
QLQ-C30 Nausea / Vomiting Not in model Not in model
PAN-26 Pancreatic Pain Not in model Not in model
PAN-26 Cachexia Not in model Not in model
PAN-26 Altered Bowel Habit Not in model 1.02 (1.00-1.04) 0.05
PAN-26 Taste Changes Not in model Not in model
Age Not in model Not in model
Gender Not in model Not in model
Weight loss [kg] (LOG) Not in model Not in model
Surgical complications 4.47 (1.47-13.6) 0.008 Not in model
pN-stage (N1 vs N0)* Not in model NA
Microscopic residual tumor (R1 vs R0)* 9.23 (2.74-31.0) <0.001 NA
PDAC versus other pathology* Not in model   NA    

HR, hazard ratio; NA, not applicable; CI, confidence interval; LOG, logarithmic transformation;
p, pathological; PDAC, pancreatic ductal adenocarcinoma. EORTC QLQ-C30 quality of life questionnaire 
for cancer patients; EORTC PAN-26 pancreatic cancer module to EORTC QLQ-C30.
* variables only applicable to patients that underwent resection.
All variables with a P-value<0.05 were made bold.

Neither preoperative nor postoperative global health status or functional domains 
reached significance with respect to survival.

The final multivariable Cox regression model for postoperative parameters for 
patients who underwent resection showed HRQOL symptom scale fatigue (HR 
1.04; P=0.013), surgical complications (HR 4.47; P=0.008), and microscopic resid-
ual tumor (HR 9.23; P<0.001) as independent predictors for survival (Table 5). For 
patients who underwent palliative surgery only HRQOL symptom scale altered bowel 
habit (HR 1.02; P=0.049) appeared to be an independent predictor for survival in 
the final multivariable Cox regression model after backward elimination. The haz-
ard ratios found for predictors in the two models apply equally for DSS and overall 
survival.
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DISCUSSION

In this paper we present the first consecutive series of patients undergoing surgi-
cal treatment for pancreatic or periampullary cancer in whom prospectively col-
lected HRQOL data before and after surgical resection or palliative bypass was used 
to predict survival. Preoperatively the HRQOL symptom scale pancreatic pain was 
independently predictive for DSS, the clinical parameter weight loss was predictive 
for overall survival. In the postoperative model the HRQOL scale fatigue, surgical 
complications, and microscopic residual tumor predicted DSS and overall survival 
in patients undergoing resection of the tumor. For patients that underwent pallia-
tive surgery due to unresectable disease the HRQOL symptom domain altered bowel 
habit was the only independent predictor for survival. Functional HRQOL scales 
neither preoperatively, nor postoperatively had significant predictive value for either 
surgical group.

We found that following resection or palliative bypass surgery HRQOL scores 
returned to preoperative HRQOL levels or sometimes even higher levels. These find-
ings concord with other studies that reported on descriptive, longitudinal HRQOL in 
pancreatic cancer surgery.28;33-36 To date no studies on survival following surgery for 
pancreatic cancer exist that have incorporated pre- or postoperative HRQOL scores 
in prognostic models. As such we cannot compare our novel findings with reports 
from other centers. A recent study in patients with advanced pancreatic cancer receiv-
ing chemotherapy also found pain and tiredness as independent prognostic factors 
for survival.37 Further derived knowledge comes from few studies that have investi-
gated the prognostic value of pretreatment HRQOL in patients undergoing surgery 
for esophageal cancer.21;23-25 These studies support the view that a lower pretreatment 
score (i.e. higher symptom score) on some HRQOL subscales negatively affects sur-
vival. Only one of these studies had, in line with our study design, also evaluated the 
value of post-treatment HRQOL scores.25 Likewise, HRQOL scores, weighed against 
operation and pathological variables, retained independent prognostic value for long-
term survival.

Emotional and social consequences of pancreatic cancer can be dramatic, as for 
the majority there is little promise of cure. For patients undergoing surgery for pan-
creatic cancer a decrease in physical functioning has been reported.34 In our series 
HRQOL scores that provided prognostic information comprised symptomatic sub-
scales rather than physical, emotional or social function domains. An explanation 
could be that the trial protocol dictated that patients were referred relatively early in 
the course of their disease. Diagnosis by CT-scan was generally established within a 
few days after presentation to the gastroenterologist, and we only included patients 
eligible to undergo surgery. Possibly patients and their relatives did not yet experi-
ence an evident limitation in daily functioning with respect to these domains. We 
could hypothesize that at this point in time specific pre- and early postoperative 
symptom scales display more accurately the burden of disease, compared to the more 
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general physical and mental health function domains. This could explain the higher 
predictive strength for survival of symptom scales in our study.

Postoperative HRQOL scores that predicted survival in the univariable analysis 
were largely gastrointestinal related scales (nausea and vomiting, altered bowel habit, 
taste changes). These could be related to the major surgery a pancreatoduodenectomy 
or palliative bypass surgery implies, and results in significantly altered intestinal 
anatomy. Nausea and vomiting and altered bowel habit can also be caused by intes-
tinal obstruction due to tumor expansion. An early high symptom score for altered 
bowel habit was the single independent prognosticator for patients who underwent 
palliative surgery. Weight loss and cachexia in cancer is caused by primary and 
secondary tumor effects.38 Primary tumor effects causing metabolic abnormalities 
include increased whole body protein breakdown, secondary effects in pancreatic 
cancer, such as impeded flow of pancreatic juice due to mechanical obstruction of the 
pancreatic duct, can cause exocrine insufficiency and augment weight loss. Indeed, 
weight loss and cachexia were predominant, but also predictive features in the pre-
sent series. The observation that fatigue scores relate to survival is less surprising, 
since this is a more non-specific and generally reported manifestation of cancer, 
especially at the advanced stage. However, the finding that high fatigue scores in 
the early postoperative setting after resection bears independent prognostic value for 
survival, in addition to firmly established clinical-pathological variables, is important 
new information and should be accounted for in the postoperative communication 
about prognosis.

The existence of preoperative moderate to severe pain has been reported as a 
negative predictor for resectability and of survival as compared with patients without 
pain, even in those who underwent resection.39;40 In accordance, we found that the 
HRQOL scale pancreatic pain was predictive for survival. The PAN-26 multi-item 
scale pancreatic pain assesses different dimensions of pain, thought to be specific 
for pancreatic cancer patients; radiating pain to the back, night time and position 
dependent pain, and presence of abdominal discomfort. Interestingly, the more ‘gen-
eral’ HRQOL pain scale of the QLQ-C30 did not reach significance in the present 
series, whereas the PAN-26 pancreatic pain scale was the single most predictive 
factor for DSS in the preoperative setting. This underlines the approach to evalu-
ate symptoms in pancreatic cancer with dedicated HRQOL instruments to achieve 
highest responsiveness of health status, a prerequisite for clinical validity of HRQOL 
measurement. Although HRQOL pancreatic pain approached significance in the 
postoperative setting (P=0.06), other items proved more predictive for survival and 
prevailed to be incorporated in the multivariable model.

In addition to the observation that postoperative HRQOL scales with predic-
tive value differ from preoperative scales, possibly due to different pathophysiologic 
mechanisms, clinical applicability will also be different. In the preoperative setting 
HRQOL measurements have additional value in disclosing individual prognosis, and 
might also be helpful to decide whether or not to operate. Patients nowadays dem-
onstrate a strong desire for information, and it has been shown that more active 
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decision making yields higher patient satisfaction.41 Open communication can aid in 
deciding the best treatment option for the individual patient in close patient-physi-
cian concordance. For example, a reluctant attitude towards surgery, despite absence 
of radiological signs of irresectability, might be plausible for an older patient (> 70 
years) with considerable comorbidity (ASA 3/4), who already reports high pancre-
atic pain scores at first encounter.42 Postoperative predictive HRQOL subscales can 
help to reassess individual prognosis in patients who explicitly want to be informed. 
Measuring these scales longitudinally after surgery could be a form of surveillance 
to detect recurrent disease.

Some potential limitations of our study have to be acknowledged. The number of 
patients that participated was relatively small, and not all patients returned all post-
operative questionnaires. Nevertheless we achieved a two third response rate for the 
postoperative measurement, and we could not detect significant factors that could be 
associated with non-responsiveness. It is therefore highly likely that data were miss-
ing at random and that our results are representative for the entire group. The sample 
size restricted the number of variables that were allowed to enter a multivariable 
model, therefore, we had to use strict entry criteria and only the strongest predictors 
could enter the multivariable model. We cannot rule out that other HRQOL scales 
or domains that failed to enter the model also possess independent predictive value. 
Strength of the study were that we used validated and widely used HRQL question-
naires. Moreover, we prospectively collected data within a tight time frame dictated 
by the study protocol. Therefore, variation in HRQOL reports due to spatial measure-
ments would be limited.

In conclusion, the results of the present study support the application of HRQOL 
scales in clinical practice to estimate more accurately prognosis when surgery for 
pancreatic cancer is considered. Based on HRQOL preoperatively the decision to 
operate might be more firmly established. Early postoperative use helps reassess 
individual prospects in addition to pathological staging. Future studies with larger 
sample sizes are strongly required to externally validate these novel findings and to 
establish more robust models with larger numbers of HRQOL variables.
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ABSTRACT

Background
Resection is selectively indicated for pancreatic cystic neoplasia due to malignant 
potential. Long-term quality of life (QOL) should be considered a vital outcome in 
patients who underwent resection of primary cystic neoplasia of the pancreas, since 
difficulty in preoperative differentiation can lead to resection of benign lesions. We 
investigated these patient reported outcomes, medical outcomes and survival.

Methods
We reviewed 108 consecutive patients who underwent resection of a primary cystic 
lesion between 1992 and 2007. Questionnaires were sent to participating patients, 
and function tests were prospectively collected during scheduled home or out-patient 
clinic visits.

Results
Twenty-nine (27%) patients had undergone resection of (borderline) malignancy, 
77 (73%) of a benign lesion. After a median follow-up of 59 (IQR 36-103) months 
20 patients had died. Five year overall survival was 94% for benign and 62% for 
malignant neoplasia. Of 88 remaining patients 65 (74%) completed questionnaires. 
Physical and mental QoL scores were equal or better compared to healthy references. 
None of the disease-specific symptom scales were above mean 50, implicating none 
to mild complaints. Independent predictors for good health at follow-up were young 
age (P<.05), and resected malignancy (P<.05), while for good gastrointestinal QoL 
male gender (P<.1), limited resection (P<.05), endocrine insufficiency (P<.05), and 
employment (P<.05) were significant predictors. Prevalence for endocrine insuffi-
ciency was 40%, and 59% for exocrine insufficiency.

Conclusions
After resection of a primary cystic neoplasm of the pancreas patients report long-
term QoL outcomes equal to healthy individuals, pancreatic insufficiency is preva-
lent, but does not impair QoL, and survival relates positive compared to solid adeno-
carcinoma of the pancreas. This excellent outcome justifies proceeding with surgery 
once a medical indication for resection has been established.
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INTRODUCTION

Pancreatic cystic lesions are increasingly identified due to the use of more advanced 
cross-sectional imaging. These findings occur frequently by coincidence. The prev-
alence of pancreatic cysts in an unselected, asymptomatic series of individuals is 
around 2.4%, and probably rising for the aging of the population.1 Cystic neoplasia 
of the pancreas can be congenital, inflammatory, or neoplastic.2 The large majority of 
the cystic lesions are benign and deserve no medical attention unless symptomatic, 
while only a small proportion comprise primary cystic neoplasia with malignant 
potential.3-5 Radical resection is the accepted treatment for this category.

The diagnostic work-up for pancreatic cystic neoplasia is not well defined and 
poses a clinical challenge; preoperative differentiation with benign lesions is com-
plicated, in particular if solid components are present.6;7 Timing of the clinical deci-
sion to operate pancreatic cysts, ensuing from difficulty in preoperative differentia-
tion and the low pretest likelihood for malignancy, is another dilemma.8 The fear 
for withholding patients with malignant lesions or benign lesions with malignant 
potential a curative resection is the justification of an aggressive surgical approach.9;10 
However, an aggressive surgical strategy inevitably results in resected benign lesions. 
Large contemporary series of patients who underwent resection under the assump-
tion of bearing a (pre)malignant lesion, report figures from around 30 up to 80% 
of resected lesions appearing to be benign without malignant potential, e.g. serous 
cystadenoma, pseudocyst, retention cyst, at pathological examination.11-13

Undisputedly surgical morbidity and mortality, as well as long-term survival, are 
crucial parameters following any surgical procedure carried out for a (suspected) 
malignancy. However, in a population with an anticipated high rate of resected 
benign lesions we consider long-term general and disease-specific quality of life 
(QoL) as another vital outcome measure. Surprisingly, studies that report long-term 
QoL in addition to survival, specifically following primary pancreatic cyst resection, 
are scarce. Another, frequently neglected, aspect of operative treatment for cystic 
pancreatic neoplasia is the iatrogenic consequence of potentially inducing pancreatic 
insufficiency and its effect on long-term QoL.

Although a number of series report resection rates, malignancy rates, and sur-
vival figures following resection of pancreatic cysts no series to our knowledge exist 
that report these long term patient reported outcomes. We evaluated long-term gen-
eral and disease-specific QoL, prevalence of pancreatic insufficiency and survival. In 
addition we analyzed potential predictors of outcome after (partial) resection.

GIQLI, Gastrointestinal Quality of Life Index
IPMN, intraductal papillary mucinous neoplasm
SF-36, Short Form-36
QoL, quality of life;
QLQ-C30, Quality of Life Questionnaire C30
QLQ-PAN26, Quality of Life Questionnaire Pancreas 26

Challenging dogmas in pancreatic surgery_007.indd   301 20-9-2012   13:49:44



Pa
rt

 V
 

Pa
tie

nt
 R

ep
or

te
d 

O
ut

co
m

es
 F

ol
lo

w
in

g 
Pa

nc
re

at
ic

 S
ur

ge
ry

302

mETHODS

Patient Population
A consecutive series of 108 patients who had undergone a surgical procedure for 
a pathologically proven primary cystic neoplasm in the period January 1992-June 
2007 were selected for the present study. Procedures included (pylorus-preserving) 
pancreatoduodenectomy, left-sided, central or total pancreatectomy, depending on 
localization and extent of the lesion. Clinicopathological data of patients undergoing 
pancreatic surgery at the Academic Medical Center are permanently collected in a 
prospective database.

Clinical Data
We assessed postoperative surgical complications according to definitions published 
previously and the generally accepted international study group criteria.14-17 In-hos-
pital mortality was defined as death during hospital stay, including death during 
readmission within 30 days after discharge. For follow-up investigation general prac-
titioners were contacted for patient’s present health status. Alive patients were con-
tacted for participation and asked to complete various questionnaires prior to a single 
prospective visit to the outpatient clinic. Patients not able to visit the outpatient clinic 
were offered to be visited at home by one of the investigators. The questionnaires 
were mailed to patients’ homes to avoid observer bias.

To evaluate medical consequences of surgery fasting blood glucose (FBG) was 
determined at the time of the outpatient clinic visit. Endocrine insufficiency was 
defined as a FBG level >6.7 mmol per liter (121 mg per deciliter) or when receiving 
prescription antidiabetic medication (insulin, oral medication) for previously diag-
nosed diabetes mellitus, regardless of FBG level. Glycemic control by antidiabetic 
medication was considered adequate when the glycated hemoglobin level was <7%. 
Exocrine insufficiency was defined as a feces elastase level of less than 200 μg per 
gram of feces (100-200: moderate; <100 severe), as was described by the manufac-
turer of the test. Use of pancreatic enzyme replacement therapy was recorded.

Health-Related Quality of Life
We included the Short Form-36 (SF-36) to evaluate generic QoL, whose 36 items 
are combined to form 8 domains: physical functioning, role-physical, bodily pain, 
general health perception, vitality, social functioning, role-emotional, and mental 
health.18 The domains can be summarized into two core dimensions, a composite 
physical and mental score. The European Organization for Research and Treatment 
of Cancer (EORTC) Quality of Life Questionnaire C30 (QLQ-C30) and its pancreas 
module (QLQ-PAN26) were used as generic and disease-specific QoL instruments.19;20 
The QLQ-C30 and of the QLQ-PAN26 comprise an overall global health score, and 
several function and symptom scores, linearly transformed to a scale of 0–100. For 
disease-specific QoL we also used the Gastrointestinal Quality of Life Index (GIQLI), 
which was developed as an instrument to be specifically used for gastrointestinal dis-
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orders.21 The GIQLI comprises 5 domains with the total GIQLI score being the sum 
score of the domains (range 0-144). Generally, a higher score QoL score represents 
a better QoL with the exception of symptom scores (higher is more symptoms, i.e. 
worse QoL). Results of the SF-36 and QLQ-C30 could be compared with a reference 
population, matched for age and gender.22;23

Statistical Analysis
For clinical-pathological characteristics we performed an explorative analysis for 
which summary statistics are presented either as mean with standard deviation (SD) 
or with standard error (SEM) or median with (interquartile) range, depending on 
normal or non-normal distribution. Overall survival rates were calculated on an actu-
arial basis with the Kaplan-Meier method and comparisons between groups were 
analyzed using the log-rank test.

For (continuous) QoL outcome comparisons between patients and reference 
population, when available, were made using Student’s t-tests, irrespective of type 
of distribution due to the large sample normal distribution approximation rule. To 
determine the magnitude of the differences in means, effect sizes were calculated. 
The effect size is equal to the difference in mean scores of the two groups, divided by 
the standard deviation of the reference population. Cohen interpreted ESs as trivial 
(<.2), small (.2-.49), moderate (.5-.79) or large (>.8).24

Univariable linear regression analyses are performed for risk factors for global 
health status (QLQ-C30) and total GIQLI score. Continuous variables were exam-
ined for linearity with the outcome measure and appropriately transformed using 
restricted cubic splines (3 knots) if the relationship was clearly non-linear. Multivari-
able regression analysis for association models was performed using both backward 
selection procedure of significant variables with significance defined as P<.1. For 
other analyses a P-value of <.05 was considered statistically significant. Statistical 
analysis was performed with the use of SPSS statistical software version 17.0.1 (SPSS 
Inc, Chicago, Ill, USA) and the R 2.9.0 table Project for Statistical Computing (Har-
rell’s Design, HMisc and Foreign libraries).

RESULTS

Clinical Outcomes
Table 1 shows clinical-pathological characteristics of patients. The majority of 
patients was female. Pancreatoduodenectomy and tail resection were the most com-
monly performed procedures. Classification of pathological findings was derived 
from the World Health Organization (WHO) international classification of tumors25. 
Most patients had either an intraductal papillary mucinous neoplasm [IPMN] (n=32), 
mucinous cystic neoplasm (n=29), or serous cyst neoplasm (n=34). In total 29 (27%) 
patients had a (borderline) malignant cystic neoplasm according to WHO criteria. 
After a median follow-up of 59 (IQR 36-103) months 20 patients had died. Overall 
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five-year survival rate for the entire cohort was 85%; rates for benign and malignant 
lesions were 94% and 62% respectively (P<.001) (Figure 1). Median survival rates for 
groups could not be calculated, since these were not reached during the observed 
follow-up period.

Table 1 Demographic, clinical, and pathological characteristics of entire cohort of 108 
patients who underwent surgery for a primary pancreatic neoplasm.

Characteristic (N=108)

Age – yr (SD) 55.5 (17)
Males – no. (%) 30 (28)
Index surgical procedure – no. (%)

(pylorus presevering) pancreatoduodenectomy 53 (49)
Tail resection 42 (39)
Total pancreatectomy 7 (6)
Central pancreatectomy 6 (6)

Median p.o. hospital stay, days (range) 13 (5-111)

Postoperative complications – no. (%)* 24 (22)
Postoperative mortality – no. (%) 2 (2)
Pathological diagnosis – no. (%)¶

Serous cystic neoplasm
Benign 34 (32)
Malignant -

Intraductal papillary mucinous neoplasm
Benign 18 (17)
Moderate dysplasia 5 (5)
Malignant 9 (8)

Mucinous cystic neoplasm
Benign 14 (13)
Malignant 15 (14)

Solid pseudopapillary neoplasm
Benign 11 (10)
Malignant features 2 (2)

SD denotes standard deviation. P.O. denotes postoperative.
* number of patients with one or more of the following complications:
 pancreatic fistula, hepaticojejunostomy leakage, delayed gastric emptying, bleeding, intra-

abdominal abscess requiring intervention, wound infection, chylous ascites.
¶ classification derived from WHO classification of tumours25.

Of the 88 alive patients 65 (74%) agreed to participate to the follow-up study. There 
were no statistically significant differences in baseline characteristics between patients 
who participated in the present study and those who did not, except for presence of 
malignancy in the resected specimen, 15% (11 of 65) versus 39% (9 of 23) respectively 
(P=.03). Of 60 available patients 10 (9%) had endocrine insufficiency prior to surgery, 
while 14 (28%) of the remaining 50 patients developed insufficiency afterwards (new-
onset diabetes). Exocrine insufficiency at follow-up had developed in 32 (59%) of 54 
available patients, of whom 25 were using pancreatic replacement therapy.
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Figure 1  Overall survival curves of patients with cystic neoplasia of the pancreas, discerned by 
pathology proven benign lesions (line), and malignant lesions (dotted line).

Health-Related Quality of Life Outcomes
The health-related QoL scores are summarized in Table 2. Compared to an age and 
gender matched control population the global health status score was significantly 
higher for patients (‘large’ magnitude of difference in mean score according to 
Cohen, in favor of patients). Physical and mental component scores of SF-36 were not 
significantly different compared to the norms of the general Dutch population with 
only trivial effect sizes. Also, none of the individual SF-36 domains were significantly 
different (data not shown), except for a lower vitality score (61 versus 69, P<.05). 
Component and domain scores of patients that had undergone resection of a (pre)
malignant or a benign lesion were equal.

For the disease-specific QoL the total GIQLI score is shown in Table 2. Only 3% 
of patients scored a total GIQLI score below 70, defined as poor gastrointestinal QoL. 
Selected QLQ-C30 and PAN-26 scores are displayed in Figure 2. For none of the 
individual QLQ-C30 and PAN-26 symptom scores were above mean 50, which equal 
none to mild symptoms. Flatulence, altered bowel habit, body image, and bloated 
abdomen were the most significant compromised symptom scores with around 22% 
of patients that scored >50 (moderate-severe symptoms).
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Table 2 Significant selected quality of life scores for patients at follow-up with comparison to 
a healthy reference population (when available). Mean values with standard deviation 
are given including selected percentages of patients with compromised QoL.* 

Variables All patients

General 
Population 

Norms ES**

Generic quality of life scores, mean (SD) [%]    
Global Health Status (QLQ-C30) 77 (20) [11] 66 (7) -1,64 b

Physical Component Score (SF-36) 46 (10) 47 (10) 0,09 a

Mental Component Score (SF-36) 50 (9) 51 (10) 0,04 a

GIQLI, Total Score 113 (20) [3] -

SD - Standard Deviation; GIQLI - Gastrointestinal Quality of Life Index.
* For Global Health Status (possible range 0-100, higher is better QoL) compromised quality of life 

defined as score <50; for GiQLY (possible range 0-144, higher is better QoL) compromised quality of 
life defined as score <70.

** ES - effect size between patients and General Population Norms according to Cohen a-trivial effect; 
b-large effect. Minus sign indicates favorable outcome for patient cohort.

Figure 2  Bars represent mean scores (with standard error) of selected disease-specific 
symptom scales (EORTC QLQ-C30, PAN-26). The dotted line at score 50 indicates 
the threshold between moderate to severe (score >50), and none to mild symptoms 
(score <50).

Predictors of Quality of Life Outcome
Univariable analysis of potential predictors of global health status at follow-up 
revealed that older age and an extensive resection (compared to tail resection), 
defined as pancreatoduodenectomy, central or total pancreatectomy, were negatively 
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associated with QoL outcome. Current employment was positively associated with 
global health status. Multivariable analysis showed that older age was an independ-
ent negative predictor, whereas malignancy in the resected specimen was a positive 
predictor for global health status.

For the gastrointestinal QoL score univariable analysis revealed that an extensive 
resection was a predictor for a negative outcome, and current endocrine insufficiency 
and current employment were positive predictors. Independent negative prognostica-
tors were female gender and extensive resection; positive predictors were endocrine 
insufficiency and employment.

Table 3 Uni- and multivariable analysis, following backward selection, of predictors 
associated with global health status, as measured by the EORTC QLQ-C30. 

Univariable multivariable
variables B 95% CI B 95% CI

Age at follow-up, one year increment1 -0,33 [-0,64 – -0,02]† -0,75 [-1,51 – 0,01]*†

Female gender -1,04 [-11,5 – 9,46]
Extensive resection2 -10,4 [-20,1 – -0,61]†

Postoperative surgical complications 1,43 [-9,58 – 12,6]
(Borderline) malignancy in resected specimen 6,94 [-5,85 – 19,7] 13,0 [-1,08 – 27,1]‡

Current endocrine insufficiency3 3,63 [-7,30 – 14,6]
Current exocrine insufficiency4 -7,28 [-18,6 – 4,00]
Currently employed5 12,5 [2,93 – 22,2]†    

Table 4 Uni- and multivariable analysis, following backward selection, of predictors 
associated with total gastrointestinal QoL score, as measured by the GIQLI. 

Univariable multivariable
variables B 95% CI B 95% CI

Age at follow-up, one year increment1 -0,12 [-0,45– 0,20]
Female gender -6,08 [-16,9 – 4,72] -11,6 [-23,6 – 0,44]‡

Extensive resection2 -14,7 [-24,5 – -4,89]† -12,7 [-23,9 – -1,48]†

Postoperative surgical complications 4,57 [-6,77 – 15,9]
(Borderline) malignancy in resected specimen 6,51 [-6,53 – 19,6]
Current endocrine insufficiency3 10,3 [-0,25 – 20,9]‡ 13,1 [2,69 – 23,5]†

Current exocrine insufficiency4 -3,02 [-14,4 – 8,35]
Currently employed5 11,0 [0,92 – 21,1]‡ 14,5  [3,30 – 25,7]†

B - regression coëfficient; 95% CI - 95 percent confidence interval.
1 Analyzed with restricted cubic splines technique (three knots).
2 Head, total or central pancreatectomy, compared to tail resection (reference treatment).
3 Defined as: using prescribed anti-diabetic medication or fasting glucose >6.7 mmol/L.
4 Defined as elastase level of <200 ug/gFaeces.
5 Paid parttime or fulltime employment.
† Significant at P<.05 level; ‡ Significant at P<.1 level.
* Coefficient of third knot (oldest patient category) displayed.
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DISCUSSION

In the present study 27% of the patients, who were operated for suspicion of a (pre)
malignant lesion, appeared to have of a (borderline) malignancy. Five year overall 
survival was 94% for benign and 62% for malignant neoplasia. Long term generic 
physical and mental QoL was equal or better compared to a healthy reference popula-
tion. None of the disease-specific symptom scales were above mean 50, implicating 
none to mild complaints. Independent predictors for good global health status at 
follow-up were young age, and resected (pre)malignancy, while for good gastrointes-
tinal QoL male gender, limited resection, endocrine insufficiency, and employment 
were significant predictors. Despite the occurrence of iatrogenic exocrine and endo-
crine pancreatic insufficiency due to resection in 59% and 40% respectively, QoL at 
follow-up was not impaired.

The overall survival figures of patients that underwent resection of a (pre)malig-
nant lesion in the present study were comparable to other series, and relate excel-
lent compared to pancreatic adenocarcinoma.12;26-28 Although we are aware of the fact 
that for optimal prognostication differentiation between the different subtypes (e.g. 
mucinous cystic neoplasia versus IPMN) is important we choose not to report these 
in detail for the small numbers of the individual groups. Moreover, the primary aim 
of our study was to investigate the long-term patient reported outcomes of patients, 
who were diagnosed with a cystic neoplasm of the pancreas and operated under the 
assumption of having a primary cyst with malignant potential. This scenario resem-
bles daily clinical practice.

The optimal diagnostic and management strategy of primary pancreatic cysts, and 
in particular the differentiation between lesions with or without malignant potential, 
is still subject of discussion. The high rate of resected benign lesions in our series is 
characteristic for the patient population with primary cystic lesions of the pancreas 
and is in line with reports from others.11-13 It has been suggested that a cyst diameter 
of more than 3 centimeter is a potential threshold for operation.6 For the current 
study we did not incorporate cyst size as prognosticator, but the treatment philosophy 
in our center follows these guidelines. A recent study on clinical decision making for 
patients with pancreatic cysts, specifically asymptomatic suspected IPMN, confirms 
that this generally accepted threshold for operation of asymptomatic cysts achieves 
the most optimal quality-adjusted survival.29 In addition, combining clinical features 
(e.g. age, gender) and selective use of radiological modalities (computed tomogra-
phy, magnetic resonance imaging), and invasive diagnostics (endoscopic ultrasound 
with fine-needle aspiration, endoscopic retrograde cholangiopancreaticography) can 
increase the preoperative likelihood for malignancy.6 Several guidelines and stud-
ies have employed these features to set up treatment algorithms for different cyst 
types to aid the clinician in deciding which cyst to remove, discard, or follow-up.29-32 
Still, a decisive gold standard with 100% sensitivity to detect and select malignant 
cysts or cysts with malignant potential for operation does not yet exist. Moreover, 
some patients themselves prefer operation over continued observation once the inci-
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dental radiological diagnosis of a cystic pancreatic neoplasm has been established.8 
Therefore, our finding that patients with a primary cystic neoplasm of the pancreas, 
benign and malignant, report excellent long-term QoL following resection, under-
lines the justification of a treatment strategy with a limited threshold to surgery. 
This evidently implies a high rate of resected benign lesions, albeit with a malignant 
potential, as was observed in the present study.

The reported long-term QoL outcomes following resection in this study are excel-
lent, both on general as well as disease-specific QoL domains. Compared to an age-
matched reference population no significant differences were observed, while on 
some domains the mean scores of patients were even better. To our knowledge no 
studies exist that report long-term patient reported outcomes such as QoL following 
resection of a primary cystic pancreatic neoplasm. In the lack of objective QoL data 
following cyst resection derived knowledge comes from studies that concern vari-
ous operative procedures for mainly pancreatic adenocarcinoma. Despite iatrogenic 
endocrine insufficiency it is generally assumed that QoL is not significantly affected 
by distal pancreatectomy.32 On the contrary, pancreatoduodenectomy for pancreatic 
and periampullary adenocarcinoma can significantly impair quality of life.33;34 How-
ever, in patients that remain disease-free after one year QoL seems to recover, some-
times to normal values.35;36 Long-term QoL after total pancreatectomy for various 
malignant and benign disorders does seem to remain severely impaired.37 In line 
with these findings we also found that global QoL was influenced by a more exten-
sive resection, which we defined as pancreatoduodenectomy or total pancreatectomy 
versus distal pancreatectomy.

Another possible explanation for our excellent outcomes might be that patients 
who are operated for a suspected malignancy are overwhelmingly relieved when 
they learn that the final pathological diagnosis turns out to be benign. Furthermore, 
patients confronted with malignant disease are faced with the necessity to accom-
modate to the disease. As a result patients might lower internal standards (‘response 
shift’) and rate the same condition better than they would have if they had not expe-
rienced a serious illness.38 This could also explain the fact that patients who had 
undergone resection of a malignant lesion in the present series invariably had good 
to excellent scores. Moreover, the presence of malignancy in the resected specimen 
was an independent prognosticator of better outcome.

Exocrine or endocrine insufficiency in patients treated surgically for pancreatic 
cysts is primarily due to the surgical intervention, and the more extended the resec-
tion of the pancreas, the greater the risk of insufficiency. The incidence of endocrine 
insufficiency we observed, so-called pancreatogenic diabetes, and the incidence of 
exocrine insufficiency are in line with reports in literature for various resectional 
procedures.39;40 It is well conceivable that the functional consequences associated 
with insufficiency can have a profound impact on patient’s lives, especially in case of 
insulin-dependent diabetes. Interestingly we could not retrieve reports with sound 
data that address the influence of endocrine- and exocrine insufficiency due to pan-
creatic resection on long-term QoL. Although the fact that endocrine insufficiency 
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after operation being a prognosticator for a good gastrointestinal QoL, not overall 
QoL, in the present series is somewhat difficult to understand, the most important 
conclusion might be that it does not impair long-term QoL. Also the presence of 
exocrine insufficiency, which is generally easy to manage, did not adversely influence 
QoL. Thus, the potential risk to induce insufficiency with operation should not influ-
ence the decision to proceed with resection, once an indication for surgical resection 
has been established.

Our study has some limitations. We performed a retrospective analysis of a series 
of patients with only a single QoL measurement in time, precluding a longitudinal 
analysis. However, we observed scores at follow-up that were equal or better com-
pared to healthy individuals, and although we cannot rule out the possibility, it seems 
unlikely that patients would report even higher scores prior to operation. Among 
the number of patients that responded to participate in the QoL the rate of benign 
lesions was slightly higher compared to non-responders, which possibly could have 
influenced the overall outcome. A relative limitation comprises the fact that we only 
investigated patients that underwent resection of a primary pancreatic cystic neo-
plasm. We did not include patients with unresectable disease. However, besides 
the fact that long-term QoL outcomes might be difficult to obtain for this group the 
potential influence of their outcome will be limited, considering the low preoperative 
likelihood for malignancy and the fact that primary cystic neoplasia of the pancreas 
follow a more indolent course compared to pancreatic adenocarcinoma with a low 
subsequent risk for unresectability at time of exploration.

In conclusion, we have demonstrated that patients who have undergone a pancre-
atic resection under the assumption of having a primary malignant cyst, or cyst with 
malignant potential, report an excellent long-term health-related QoL. Pancreatic 
insufficiency, partially iatrogenic due to resection, is prevalent, but does not impair 
QoL. Overall long term survival following resection of primary cystic neoplasia, but 
also malignant lesions in particular, relates positive compared to solid adenocarci-
noma of the pancreas. Although a treatment strategy with low threshold to surgery 
results for primary cystic neoplasia of the pancreas in an anticipated high rate of 
resected benign lesions, potential concerns about a major negative impact on either 
of these items are therefore not justified. The decision to proceed with treatment, 
once an indication for surgical resection of a pancreatic cyst has been established, is 
valid.
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SUmmARY

The core of this thesis is dedicated to evaluation of the value of preoperative biliary 
drainage (PBD) in patients with pancreatic or periampullary cancer. Other areas in 
hepatopancreaticobiliary surgery that could be studied comprise the rational con-
tinuum of establishing diagnosis and indication for surgical treatment, and evalua-
tion of short- and long-term outcomes. Where appropriate we attempted to consider 
results in light of the IDEAL framework of surgical innovation and evaluation from 
the Balliol Colloquium, an international consensus document on the arrangement 
of surgical research. This thesis is in part based on basic experimental studies, in 
part on critical analyses of literature, and in part on evaluation of retrospective and 
prospective (multicenter controlled trial) data.

The general outline of the thesis consists of five parts. What is the value of PBD for 
pancreatic cancer? (Part 1). How do we define and register complications and what is 
the critical influence of complications on survival? (Part 2) How can chronic pancrea-
titis be treated surgically, what is the result and what determines outcome? (Part 3) 
What is the optimal diagnostic algorithm of hepatopancreaticobiliary malignancies 
and which variables determine prognosis? (Part 4) What are the patient reported 
outcomes and perspectives of treatment of pancreatic tumors and what is the associa-
tion of these outcomes with survival? (Part 5). Diverse in subjects the different parts 
of this thesis exemplify the multimodal aspects of hepatopancreaticobiliary surgery. 

The department of surgery at the Academic Medical Center (AMC) in Amster-
dam has a long tradition and experience to treat hepatopancreaticobiliary disorders 
and serves as one of the largest tertiary referral centers in the Netherlands. The large 
patient series, continuously maintained at prospective databases, offer the unique 
opportunity to analyze and test hypotheses of a relatively rare disease entity. The 
research was conducted in the period 2006-2010 in close collaboration with the 
departments of radiology, gastroenterology, internal medicine, pathology, medical 
psychology, and clinical epidemiology and biostatistics of the AMC. The multicenter 
studies were performed in close collaboration with the departments gastroenterology 
and surgery of the different participating centers.

Perhaps somewhat provocative the title of the thesis [Challenging Dogmas in 
Pancreatic Surgery] refers to critical appraisal of established assertions in the practice 
of pancreatic surgery with sound data. Much of the procedures in surgical practice 
and conventions of how to treat our patients have been the result of traditions, rather 
than investigational-proven evidence. This claim is not restricted to pancreatic sur-
gery, the view can be extrapolated to other fields of surgery, as has been the working 
experience of the author. Although the concept of evidence-based medicine has been 
introduced 15-20 years ago, close acquaintance of this principle in surgery seems to 
be of more recent date, if not still heavily under construction; so-called eminence-
based surgery is not uncommon. It very well reflects the need the initiators of the 
Balliol Colloquium felt to standardize the evaluation of our proceedings in surgery 
in order to provide the best care for our patients. 
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In the following discussion, a summary of our main findings per chapter is pro-
vided for all five topics. Thereafter, relevant aspects for clinical practice are discussed 
and directives for future research are suggested.

Part I: The Role of PBD for Pancreatic Cancer
To improve the outcomes of the major surgery implicating resection of a tumor in 
the pancreatic head area, PBD was introduced for the presumed association between 
obstructive jaundice and complications. The summary in CHAPTER 2 shows that in 
experimental models, PBD is almost exclusively associated with beneficial results: 
improved liver function and nutritional status; reduction of systemic endotoxemia; 
cytokine release; and, subsequently an improved immune response. Mortality was 
significantly reduced in these animal models. However, the clinical evidence of 
use of PBD in the treatment of pancreatic cancer with obstructive jaundice has wit-
nessed a remarkable reversal in the past 10-15 years. Initially considered beneficial, 
the “best-evidence” currently available clearly shows that routine PBD does not yield 
the appreciated improvement in outcome. However, for the large part available data 
are outdated or suffer from methodological deficits, thereby limiting the strength of 
evidence and thus recommendations for clinical practice.

Bile salts are potent detergents and therefore subject to rigorous regulation. Bile 
duct obstruction due to tumor growth in the pancreatic head area leads to accumula-
tion of biliary constituents (salts) in the liver, which triggers an adaptive response 
that aims to minimize hepatocellular damage by reducing de novo bile salt synthesis 
and promoting nonbiliary secretion routes. CHAPTER 3 describes a strong expres-
sion of hepatic FGF19, normally absent in the liver, and elevated plasma FGF19 in 
patients with extrahepatic cholestasis. Since FGF19 downregulates target genes for 
control bile salt synthesis these adaptations could be involved in some way of auto-
protection to hepatic damage in case of obstructive jaundice.

In CHAPTER 4 we found that cholestatic patients showed lower concentrations 
of plasma vitamin K-dependent factors II and VII, whereas prothrombin time (PT), 
activated partial thromboplastin time (aPTT), and factor V were unaltered. Despite 
the decreased vitamin K-dependent coagulation factor synthesis, thrombin genera-
tion was increased, likely because of systemic inflammatory response in patients 
with obstructive cholestasis. The haemostatic alterations because of cholestasis were 
almost completely reversed after PBD.

CHAPTER 5 describes the results of the DROP study (preoperative DRainage 
versus direct OPeration strategy). In this multicenter, randomized trial we randomly 
assigned 202 patients with obstructive jaundice and a bilirubin level between 40 and 
250 µmol to PBD for 4 to 6 weeks followed by surgery (n=106), or surgery without 
PBD within one week of the diagnosis (n=96). The primary outcome was the rate 
of severe complications related to PBD or surgery within 120 days after randomi-
zation. There were significantly fewer patients with complications in the early sur-
gery group: 37 (39%) versus 75 (74%) in the PBD group (relative risk [RR] 0.54; 95% 
confidence-interval [CI]: 0.40-0.71; P<0.001). PBD was successful in 96 patients in 
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the PBD group (94%) after one or more attempts, with complications in 47 patients 
(46%). Surgery-related complications occurred in 35 early surgery patients (37%) ver-
sus 48 (47%) in the PBD group (RR 0.79; 95% CI: 0.57-1.11). Mortality and hospital 
stay were not significantly different between groups.

As found in CHAPTER 5 PBD should not be performed to improve outcome 
in terms of a complication reduction, however, PBD for secondary arguments (e.g. 
logistics, waiting lists or scheduled neo-adjuvant treatment) could be an option for 
selected cases. The consequently scheduled delay in surgery, required for an effective 
period of PBD, could lead to more advanced cancer stages at exploration. In theory 
this could negatively affect the resection rate and eventually lead to reduced survival. 
In CHAPTER 6 we analyzed the two treatment strategies as described in the preced-
ing chapter and found that allocation to PBD indeed correlated significantly with 
a longer interval to surgery (correlation-coefficient: 0.861, P<0.001). However, the 
resection rate did not differ significantly between groups; in the early surgery group 
60 of 89 patients (67%) versus 53 of 91 patients in the PBD group (58%) underwent 
resection (P=0.20). Significant prognostic factors for overall survival for the entire 
group were time to surgery (hazard ratio [HR] 0.90, 95% CI: 0.83-0.97), resection 
(HR 0.26, 95% CI: 0.18-0.37), high bilirubin levels (>200; HR 1.72, 95% CI: 1.06-
2.78), and complications of treatment (HR 1.44, 95% CI: 1.00-2.08). 

Part II: Complications Associated with Pancreatic Surgery
CHAPTER 7 describes an incidence of 9% of chylous ascites following pancreatic 
surgery, according to a novel definition, with clinically significant chylous ascites 
occurring in 4% (grade B, C) based on a proposed grading system. The diagnosis 
was generally established on postoperative day 6 (median; interquartile range [IQR] 
5-8) following introduction of a normal diet. Female gender (OR 1.79; 95% CI: 1.05-
3.03) and chronic pancreatitis at pathology (odds ratio [OR] 2.52; 95% CI: 1.19-5.32) 
were independently associated with development of isolated chylous ascites. All cases 
could be treated by dietary measures. Isolated chylous ascites was significantly asso-
ciated with a prolonged hospital stay (P=0.002). 

CHAPTER 8 demonstrates that the application of consensus definitions for com-
plications, compared to our former registration system, overall results in higher inci-
dences: PPH occurred in 19 patients (3%) according to former vs. 51 (8%) according to 
ISGPS definitions; POPF in 81 (13%) vs. 116 (18%); DGE in 162 (26%) vs. 430 (69%). 
The grading system generally provided a useful insight in the clinical implication of 
the complications, but for POPF and PPH no major difference in clinical outcome 
and management was observed between patients without complication and grade A. 
For all three complications higher ISGPS grades (B, C) corresponded with prolonged 
hospital stay: for PPH 14 days for patients without complication/grade A vs. 17 days 
for grade B and 32 days for grade C (P<0.001). For POPF: 13 vs. 22 and 36 days respec-
tively (P<0.001), and DGE 10 vs. 20 and 33 days respectively (P<0.001). Each grade C 
complication was associated with highest mortality.
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The prognostic outcome study in CHAPTER 9 demonstrates that major complica-
tions after pancreatic resection for cancer are independently related to an impaired 
survival for pancreatic cancer. Median survival for pancreatic adenocarcinoma was 
22 (IQR 18-25) months following an uncomplicated postoperative course versus 16 
(IQR 13-19) months for patients with major surgical complications (P=0.021). Multi-
variable Cox regression analysis demonstrated that microscopically residual disease 
(R1), complications, and adjuvant therapy were independent factors for recurrence. 
Within the R1 group, survival for patients with complications was even more limited, 
10 (IQR 8-11) versus 19 (IQR 15-23) for those without (P<0.001). For patients with R1 
resection complications were the only independent predictor for a shorter time inter-
val to death (HR 1.96; 95% CI: 1.16-3.30). Complications did not influence survival of 
patients with periampullary adenocarcinoma.

Part III: Chronic Pancreatitis and its Surgical Treatment
Continuous improvements in imaging techniques, as well as a better understanding 
of the pathophysiology of CP and the mechanisms causing pain, have led to a more 
conscious selection of patients who might benefit from surgery for painful chronic 
pancreatitis. The review article in CHAPTER 10 underlines that type of surgery for 
chronic pancreatitis depends on whether the pancreatic duct is dilated, the level of 
obstruction, the presence or absence of an inflammatory mass and the occurrence 
of complications (e.g. pseudocyst formation, gastric outlet obstruction). Based on the 
reviewed literature the role of endoscopic therapy, thus far popularized a first-line 
treatment for chronic pancreatitis, seems to be limited and less effective than sur-
gery. Furthermore, it has been suggested that early surgical intervention might delay 
and perhaps even halt the disease from progressing. 

The observational cohort study in CHAPTER 11 describes the multimodal out-
comes of the AMC experience in 223 patients who underwent surgery for chronic 
pancreatitis, tailored to the anatomical abnormalities as mentioned in the preceding 
chapter. Median 63 months (range 14-268) after surgery 68% of patients report to 
be free of pain, 19% suffer from intermediate and 12% from severe pain. Preopera-
tive daily opioid use (OR: 3.04; 95% CI: 1.09-8.49) and high numbers of preceding 
endoscopic procedures (OR: 3.89; 95% CI: 1.01-14.9) were associated with persistent 
severe pain. Compared to the general population physical more than mental QoL 
remained impaired (P<0.05). At follow-up endocrine insufficiency was present in 
57% of patients and exocrine insufficiency in 77%. After 20 months (IQR 10-51) fol-
lowing surgery 26 (12%) of 223 patients underwent one or more elective reoperations.

In CHAPTER 12 we describe a systematic literature review of 827 articles to 
assess the occurrence of pancreatic insufficiency in patients undergoing surgery for 
painful chronic pancreatitis. The preoperative endocrine insufficiency rate, presum-
ably due to the disease itself, varied from 22.2 per cent (distal resection), 23.0 per 
cent (pancreaticojejunostomy), to 36.7 per cent (head resection). Postoperative rates 
increased to 55.6 per cent, 41.9 per cent, and 51.9 per cent respectively. New-onset 
diabetes following surgery was mainly described in studies with follow-up lengths 
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of more than 2 years. Head resection was characterized by highest presence of pre-
operative insufficiency (56.8 per cent). We conclude that pancreatic insufficiency 
comprises significant and progressive comorbidity in patients with surgically treated 
painful chronic pancreatitis. However, large variation of follow-up lengths preclude 
firm conclusions over attributed risk for insufficiency due to surgery per se, or being 
the consequence of progressive disease over time.

Part IV: Diagnosis and Prognosis of Hepatopancreaticobiliary Diseases
The value of endoscopic ultrasonography (EUS) in the diagnosis and loco-regional 
staging of suspected pancreatic head tumors has been widely evaluated, but not in 
the role as add-on test after a negative CT. In CHAPTER 13 we evaluated the diag-
nostic accuracy of EUS in detecting solid lesions of the pancreas after inconclusive 
CT and after inconclusive or negative CT. We compared results with a single imaging 
strategy (CT only). CT detected a solid lesion in 198 (59%) of 335 included patients, of 
whom 189 (95%) had a (pre)malignant lesion. CT was inconclusive or negative in 137 
(41%) patients. In 106 (77%) of them EUS was performed, which was positive in 63 
(59%), of whom 53 (84%) had a (pre)malignant lesion. In the 43 cases where EUS did 
not demonstrate a lesion 10 (23%) had a (pre)malignant lesion. Sensitivity of a strat-
egy with EUS after inconclusive CT was 90%. A strategy with EUS after inconclusive 
or negative CT resulted in the largest increase of sensitivity compared to CT only (96 
vs. 75%, P<0.001).

In CHAPTER 14 we summarize the results of reexamination of 75 of 160 patho-
logical specimens (46.9%) of patients with adenocarcinoma of the ampulla of Vater 
who had positive lymph nodes (N1). The relation of extracapsular lymph node involve-
ment with tumor stage and its prognostic significance was evaluated. Extracapsular 
lymph node involvement was identified in 44 (59%) of 75 patients. Median overall 
survival in patients with intracapsular lymph node involvement was 30 months and 
18 months for patients with extracapsular lymph node involvement (P=0.015). Five-
year overall survival was 20 per cent for intracapsular and 9 per cent for extracap-
sular lymph node involvement, compared to 59% for patients without lymph node 
involvement (N0). Extracapsular lymph node involvement and tumor differentiation 
were independent prognostic factors for survival. In N1 patients extracapsular lymph 
node involvement was the only significant prognostic factor for recurrent disease 
after radical resection (R0). The presence of extracapsular lymph node involvement 
identifies a subgroup with a significantly worse survival.

To evaluate the prognostic value of tumor location of extrahepatic cholangiocar-
cinoma on survival, 175 patients who had undergone a potentially curative resection 
were analyzed. The outcome study in CHAPTER 15 describes for the entire cohort a 
cancer-specific survival rate of 83%, 58%, and 26% at 1, 2 and 5 years, respectively. 
Cancer-specific survival according to location was 42% for proximal, 23% for mid and 
19% for distal cholangiocarcinoma after 5 years, but location was not an independ-
ent significant predictor (P=0.06). A newly constructed prognostic model using all 
potential prognostic variables, as well as a reduced model, containing only lymph 
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node status, microscopically residual tumor status and tumor differentiation grade, 
predicted survival slightly better compared to the conventional Tumor Node Metas-
tasis (TNM) staging (concordance index 0.65, 0.66 and 0.63 respectively). Based on 
this information we developed a nomogram to predict survival.

Part V: Patient Reported Outcomes Following Pancreatic Surgery
In CHAPTER 16 we summarized a study in which we assessed health-related qual-
ity of life (HRQOL) and treatment preference in patients from the DROP study. Of 
73 included patients 38 (52%) underwent early surgery and 35 (48%) PBD. Improve-
ment in mean reported global health status after treatment compared to baseline 
was significant within groups (P=0.002), but there was no between-group differ-
ence (P=0.16). For another 13 HRQOL domains patients from both groups improved 
equally. Only for the hepatic symptom domain (jaundice, pruritus) PBD patients 
improved better (P=0.02), while early surgery patients reported a slightly higher 
treatment satisfaction (P=0.09). Most patients expressed before initiation (80%) and 
after ending treatment (76%) early surgery to be the preferred strategy if they had 
the possibility to choose between strategies. From the perspective of HRQOL an early 
surgery and PBD strategy can be considered equivalent. However, the large majority 
of patients consistently choose early surgery as preferred treatment strategy, an argu-
ment in favor for this strategy to prevail as routine strategy.

In CHAPTER 17 we evaluated the prognostic significance on survival of preop-
erative and early postoperative HRQOL following pancreatic surgery. In the multi-
variable preoperative model the HRQOL symptom scale pancreatic pain (P=0.009) 
was independently predictive for disease specific survival, weight loss (P=0.009) was 
predictive for overall survival. In the multivariable postoperative model the HRQOL 
scale fatigue (P=0.013), surgical complications (P=0.008), and microscopic residual 
tumor (P<0.001) predicted disease specific and overall survival in patients under-
going resection of the tumor. For patients that underwent palliative surgery due 
to irresectable disease the symptom domain altered bowel habit (P=0.05) was the 
only HRQOL prognosticator approaching significance for survival. We concluded 
that selected HRQOL symptom scales were independent prognostic predictors for 
survival, besides established clinical-pathological parameters. These novel findings 
should be taken into account when surgery for pancreatic cancer is considered, and 
can be used to more accurately predict survival after treatment.

CHAPTER 18 presents the long-term outcomes of 108 patients who underwent 
resection of a histology-proven primary cystic lesion of the pancreas. 77 (73%) patients 
appeared to have undergone resection of a benign lesion. Survival and operative mor-
bidity are important parameters, but for this category long-term HRQOL is another 
vital outcome. At a median follow-up of almost 5 years generic physical and men-
tal HRQOL scores were equal or better compared to healthy references. Independ-
ent predictors for good global health status at follow-up were young age (P<0.05), 
and resected malignancy (P<0.05), while for good gastrointestinal QoL male gender 
(P<0.1), limited resection (P<0.05), endocrine insufficiency (P<0.05), and employ-
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ment (P<0.05) were significant predictors. We conclude that, considering the excel-
lent HRQOL outcome, proceeding with surgery is justified once a medical indication 
for resection of a pancreatic cyst has been established.

CONCLUSIONS AND FUTURE PERSPECTIvES

Our main findings (Table 1) and believed implications for practice will be discussed 
in the following concordant paragraphs. Suggestions for future research based on 
our results are provided.

Part I: The Role of PBD for Pancreatic Cancer
We showed that PBD as a routine procedure should not be performed and is poten-
tially harmful to patients. Decisive evidence has finally settled the longstanding 
controversy over the presumed benefit of PBD. This finding perfectly signifies the 
critical appraisal of a procedure of which the decades-old proof of concept (IDEAL 
stage 1), though well conceivable on pathophysiologic grounds, has been falsified in 
the assessment phase (IDEAL stage 3), based upon up-to-date randomized controlled 
trial data. 

Interestingly, alternative arguments other than the medical evidence for the pro-
cedure have already emerged to justify the use of PBD.1 Logistics and waiting lists, 
sometimes inevitable, could be factors that influence the decision to opt for PBD, as 
well as an extended diagnostic workup with laparoscopy (on indication) or scheduled 
preoperative chemotherapy. Nevertheless, we feel that the organization of healthcare 
should be organized to optimize outcome (early surgery is the logical option) rather 
than rigidly dictate the outcome (PBD as necessity for early surgery is not feasible). 

With falsification of the hypothesis of PBD being beneficial, surveillance is the 
logical next step (IDEAL stage 4). We have demonstrated in this thesis that from the 
perspective of survival both strategies are safe. Further descriptive outcome research, 
auditing and assessment of regional variation should be directed at the feasibility of 
implementing an early surgery strategy and the long-term outcome of this strategy 
outside the trial framework. 

From the societal perspective reducing costs of healthcare without compromising 
quality is very relevant nowadays. To be addressed in a future study the beneficial 
effect on cost-effectiveness of the proposed early surgery strategy compared to PBD, 
seems obvious; not performing PBD saves an additional, invasive intervention with 
a complication risk of 46%, in that case requiring necessary repeated interventions, 
hospital admissions etc.

Whenever PBD cannot be avoided, scheduled preoperative chemo- and radiation 
therapy being one of the fairest arguments, we have suggested that self-expandable 
metal stents (SEMS) can be used as bridge to surgery. In the palliative setting SEMS 
have proven to be more enduring (i.e. less complications as clotting, cholangitis etc) 
than plastic stents. Although our study has been criticized over the use of plastic 
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stents as possible causal factor for the high PBD-related complication rate, applica-
tion of SEMS for PBD for pancreatic cancer has never been prospectively evaluated 
and is barely used to date for this indication. The currently ongoing STENT study 
(Dutch Trial Registry Number: NTR3142) is designed to evaluate and validate the use 
of SEMS for this indication.

We have demonstrated that PBD reverses coagulation parameters to normal val-
ues. Although originally presumed to be hazardous, the alterations in hemostasis 
observed in our study cohort did not lead to more complications. However, we did 
not include patients with advanced disease and bilirubin levels over 250 μmol/L. 
Future studies might be initiated to evaluate the role of PBD in patients with very 
high bilirubin levels and cholestatic patients requiring extensive liver resection, such 
as in the case of hilar cholangiocarcinoma. For the latter category no well-designed 
randomized controlled trials that compare a strategy with and without PBD exist.

The finding of the adaptive response in cholestasis for regulation of bile salt 
homeostasis and the role of FGF19 is a major novelty. It will be interesting to learn 
whether and how FGF19 affects expression of other genes, and whether FGF19 is 
involved in the adaptive response in chronic cholestatic liver diseases such as pri-
mary biliary cirrhosis and primary sclerosing cholangitis.

Part II: Complications Associated with Pancreatic Surgery
Chylous ascites following pancreatic surgery is principally a mild complication that 
might result in a prolonged hospital stay and that is best treated with dietary meas-
ures. A definition and grading system for chylous ascites following pancreatic sur-
gery, proposed in this thesis, provide in a deficiency in literature.

Application of ISGPS consensus definitions for three major and prevalent com-
plications following pancreatoduodenectomy result in an increased registration of 
complications compared to former systems used. The adherent grading system pro-
vides a transparent understanding of the severity and clinical consequences of the 
registered complication, which was not available previously. Several inconsistencies 
and the fact that grade A complications frequently do not differ from uncomplicated 
hospital course are issues to be addressed in future research. 

Of special notice, adoption without compromise of consensus definitions and 
grading has been widely propagated for proper comparison between institutions. It is 
remarkable that the identical claim, at least for its grading system, has been brought 
forward by another expert group (Clavien-Dindo classification).2-4 Both the ISGPS 
and Clavien-Dindo classification have already been applied extensively in publica-
tions on pancreatic surgery, in essence recreating the same problem of transparent 
comparison of outcome between institutions.5-9 Future studies could be directed at 
direct head-to-head comparison of the classifications, but ideally efforts are directed 
to find consensus and develop a single system of registration. To be successful achiev-
ing the latter goal shall probably involve a great deal of politics, rather than having 
merely a scientific basis.
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Complications after resection are independently related to an impaired survival 
following pancreatoduodenectomy for pancreatic, but not periampullary cancer. The 
effect is even more profound in patients who had a microscopically incomplete resec-
tion. The finding underlines that attempts to minimize complications for this major 
surgery, e.g. further centralization, careful patient selection, should be an ongoing 
effort to offer the best chances for disease-free survival. Whether immunologic host 
factors enhance microscopic residual disease, and as such provide a possibility for 
targeted intervention, should be subject of further research in this specific patient 
population. 

Part III: Chronic Pancreatitis and its Surgical Treatment
For patients with chronic pancreatitis proper and early diagnosis is crucial for future 
perspectives, while it has become clear that early surgery might delay and even halt 
the disease from progression. Furthermore, highest level of evidence, added with 
long-term outcome results (IDEAL stage 4), demonstrates superiority of surgery over 
endoscopic therapy for painful chronic pancreatitis in patients without an inflamma-
tory mass.10;11 Prospective, standardized registration of every newly diagnosed patient 
with chronic pancreatitis, preferably on a national level as suggested by our group, 
is an important aid in the care of these patients.12 The suggestion has led to institu-
tion of a national Chronic pAncreatitis REgistry (CARE) in the Netherlands. In line 
with the IDEAL framework (stage 3) the concept of benefit from early intervention as 
derived from descriptive series, is the primary subject of the ongoing ESCAPE trial: 
Early Surgery versus optimal Current step-up prActice for chronic PancrEatitis, a 
multi-centre randomized controlled trial (Dutch Trial Registry Number: NTR2794).13 

To perform a tailored surgical approach for chronic pancreatitis, i.e. no head resec-
tion when the diameter is <4cm, is supported by excellent to fair patient reported 
outcomes, and the observation that surgical drainage in the absence of an enlarged 
head is more likely to preserve pancreatic function. Prospective evaluation and regis-
tration, including baseline measurements of pain and HRQOL with validated ques-
tionnaires, should further strengthen this hypothesis. The observed operative failure 
rate may improve once we achieve a better understanding of the pathogenesis of 
pancreatic neuropathic pain.

Pancreatic insufficiency comprises significant and progressive comorbidity in 
patients with surgically treated painful chronic pancreatitis. Heterogeneous follow-
up lengths of available studies preclude firm conclusions over attributed risk for 
insufficiency due to surgery or as a consequence of progressive disease over time. 
The CARE registry and the ESCAPE trial might provide an answer to this question. 

Part IV: Diagnosis and Prognosis of Hepatopancreaticobiliary Diseases
We demonstrated that a diagnostic strategy for detecting solid pancreatic lesions 
with application of EUS as add-on test after inconclusive or negative CT results in 
a significant gain of accuracy. Future studies should externally validate our defined 
diagnostic algorithm, and should also address cost-effectiveness of this strategy. 
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Management when both tests are negative, i.e. follow-up, timing of repeat investiga-
tions, timing of surgery, is unclear and should be defined considering the risk for 
malignancy of around 23%.

For more sophisticated and individualized prognostication after resection of can-
cer, extending the value of pathological features other than TNM staging can be 
advocated. In patients with an adenocarcinoma of the ampulla of Vater, extracapsular 
lymph node involvement identifies a subgroup of patients with a significantly worse 
long-term survival. We feel that assessment of this feature should be included in the 
protocol of pathological examination of the surgical specimen. Further research is 
warranted on the correlation of extracapsular lymph node involvement with different 
histological types and to investigate the influence in other periampullary tumors. 
Comparable to staging systems for esophageal cancer the presence of extracapsu-
lar lymph node involvement should be considered for pancreatic and periampullary 
tumors.14

In patients who underwent resection of extrahepatic cholangiocarcinoma we 
found a trend for distal lesions to be associated with a less favorable cancer-specific 
survival after resection compared to mid or proximal lesions. However, location was 
not an independent prognostic factor. A microscopically margin negative resection 
was the only prognostic factor determined by the surgical procedure. Specifically for 
mid lesions this implicates that, in order to improve survival, the surgical procedure 
should be extended either with partial liver resection or with pancreatoduodenec-
tomy, depending on the location of the lesion closer to liver or pancreas. A prognostic 
model using lymph node status, microscopically residual tumor status, and tumor 
differentiation grade was better compared to TNM staging. The nomogram of the 
prognostic model should be externally validated in another large series.

Part V: Patient Reported Outcomes Following Pancreatic Surgery
Performing PBD for the presumed benefit on symptomatology of obstructive jaun-
dice, i.e. anorexia, pruritus, abdominal pain, did not translate in significant better 
health-related quality of life HRQOL. From the perspective of HRQOL an early sur-
gery and a PBD treatment strategy for patients with pancreatic cancer can be consid-
ered equivalent. Furthermore, we observed that the large majority of patients indi-
cated to prefer early surgery, both before initiation and after completing treatment.

Application of HRQOL scales in clinical practice can aid in estimating more accu-
rately prognosis when surgery for pancreatic cancer is considered; e.g. low preopera-
tive pancreatic pain scores might more firmly establish the decision to operate. Early 
postoperative use of HRQOL scales helps reassess individual prospects in addition 
to pathological staging. Future studies with larger sample sizes are strongly required 
to externally validate these novel findings and to establish more robust models with 
larger numbers of HRQOL variables.

For patients who have undergone a pancreatic resection under the assumption 
of having a primary malignant cyst the long-term HRQOL is excellent. Although a 
treatment strategy with low threshold to surgery for this particular pathology results 
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in an anticipated high rate of resected benign lesions, potential concerns about a 
major negative impact on long-term outcome is not justified. The decision to proceed 
with treatment, once an indication for surgical resection of a pancreatic cyst has been 
established, is valid.

The purpose of measuring HRQOL in randomized trials is to guide future deci-
sion making. However, it has been suggested that, despite the interest in the area of 
HRQOL, there seems to be a gap between measuring HRQOL outcomes and using 
the information to change surgical practice.15 The next challenge is to translate the 
HRQOL and patient reported outcomes of this thesis into daily surgical practice. 
Especially in the area of oncological pancreatic surgery patient-reported outcomes 
may prevail over clinical outcomes. Shared decision-making could be the tool to 
achieve highest patient satisfaction.

In this light memorable opinions of two patients, whom we encountered during 
the recruitment phase of the DROP-trial, deserve to be mentioned. After success-
ful placement of a stent for PBD one patient refused further surgical treatment. In 
light of the poor prognosis of pancreatic cancer, even after resection, she had taken 
the decision not to be operated upon in perfect understanding of the consequences. 
A few months later she died of the consequences of disseminated disease. Another 
patient was referred to us for establishing the diagnosis of his obstructive jaundice 
and possible trial inclusion. Eligible for participation he had been randomized to 
the PBD strategy, but before stent placement could take place he withdrew from all 
further treatment. Common in his family was dying of ‘jaundice’ at or before the age 
of 65. Considering the fact that already he had reached the age of 71 years old he was 
perfectly satisfied to choose for no more life-prolonging interventions. He died a few 
weeks later from the sequelae of hepatic failure. 
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EPICRISIS

In this thesis we have presented the results of 5 years of basic and clinical research on 
pancreatic surgery. Traditions have been evaluated, controversies have been settled, 
physician-centered and patient-centered outcomes were evaluated, and many sugges-
tions for clinical practice and future research were provided. 

Pancreatic and periampullary cancer are relatively rare disease entities with dis-
mal prognoses. Eligibility to treat the disease surgically is limited to a minority of 
patients, and even then cure is exceptional. In the near future much is expected from 
novel molecular markers and whole genome sequencing, which might elucidate the 
oncogenic context and expose potential therapeutic vulnerabilities.16 Considering the 
rarity of pancreatic disorders these initiatives are preferably executed in close col-
laborative networks, such as the recently founded Dutch Pancreatic Cancer Group 
(DPCG) and the Dutch Pancreatitis Study Group. Biobanking (e.g. AMC’s BIOPAN, 
Parelsnoer) within these networks can provide the biological substrates that allow for 
this novel, multidisciplinary research to be carried out.

Finally, the process of surgical innovation is as old as the surgical practice itself, 
but evaluation within a standardized framework has only just begun. Conscientious 
and critical application of the IDEAL framework is the key to improve surgical care 
such that interventions will become safer and better.
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Table 1 Answers to the 17 study questions raised in this thesis.

Chapter Study Questions and Answers

2 what is the history and current status of PBD?
Evidence does not support the use of PBD for the primary indication, to improve 
postoperative outcome, but is nevertheless assimilated widely for secondary 
arguments (logistics, waiting lists etc).

3 How are plasma levels of FGF19 affected in extrahepatic cholestasis and what are 
the adaptive changes in the liver?
The liver expresses FGF19 under conditions of extrahepatic cholestasis, which is 
accompanied by a number of adaptations aimed at protecting the liver against bile salt 
toxicity. FGF19 signaling may be involved in some of these adaptations.

4 what is the effect of PBD on coagulation and fibrinolysis in severe obstructive 
cholestasis?
Obstructive cholestasis is associated with a procoagulant state, despite an impaired 
vitamin K-dependent coagulation factor synthesis, but virtually all alterations in 
coagulation and fibrinolysis can be reversed by PBD.

5 what are the benefits of PBD in patients with obstructive jaundice caused by a tumor 
of the pancreatic head?
Routine PBD in patients undergoing surgery for cancer of the pancreatic head 
increases the rate of complications.

6 Does the therapeutic delay associated with PBD influence survival?
In patients with pancreatic head cancer, the delay in surgery associated with PBD does 
not impair or benefit survival rate.

7 what is the incidence, management and outcome of chylous ascites following 
pancreatoduodenectomy?
According to our novel definition the incidence following pancreatoduodenectomy is 9% 
for significant chylous ascites. Timely recognition allows early introduction of proper 
dietary measures, which may limit the associated prolonged hospital stay.

8 what is the influence of ISGPS consensus definitions of complications and grading 
systems in pancreatic surgery?
The ISGPS definitions lead to an increase in complication registration, but the grading 
system provides a hitherto lacking transparent insight in clinical relevance.

9 How do complications influence cancer recurrence and survival after pancreatic 
surgery for cancer?
Major surgical complications are independently related to an impaired survival 
following pancreatoduodenectomy for pancreatic, but not periampullary cancer. The 
effect is even more profound in patients with an R1 resection.

10 what are decisive considerations for surgical management of chronic pancreatitis 
and how does it compare to endoscopic therapy?
Type of anatomical abnormalities determines type of surgical procedure. More 
enduring pain relief and possible delaying of pancreatic insufficiency are major 
arguments to opt for surgery rather than endoscopy.
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Chapter Study Questions and Answers

11 what are the long term outcomes of tailored surgery for chronic pancreatitis?
Tailored surgery results in excellent to fair long-term pain relief. High preoperative 
pain levels, suggested through daily opioid use and high numbers of endoscopic 
procedures, are associated with less favorable outcome.

12 How is pancreatic function affected by surgery for chronic pancreatitis?
Pancreatic insufficiency comprises significant and progressive comorbidity. 
Heterogeneous literature precludes firm conclusions over attributed risk for 
insufficiency due to surgery, or as a consequence of progressive disease.

13 what is the value of endoscopic ultrasound in detecting pancreatic cancer?
Endoscopic ultrasound as add-on test after inconclusive or negative CT results in a 
significant gain of accuracy. 

14 what is the prognostic significance of extracapsular lymph node involvement in 
patients with adenocarcinoma of the ampulla of vater?
The presence of extracapsular LNI identifies a subgroup with a significantly worse 
survival for which adjuvant therapy after resection is advised.

15 Is location of resected extrahepatic cholangiocarcinoma associated with survival?
Tumor location does not independently predict cancer-specific survival after resection. 
An alternative prognostic model predicted survival better than TNM staging.

16 How is health-related quality of life (HRQOL) affected by PBD for pancreatic cancer?
HRQOL in a PBD strategy can be considered equivalent to early surgery, but the large 
majority of patients choose early surgery as preferred treatment strategy. 

17 what is the association of HRQOL with survival in patients undergoing surgery for 
pancreatic cancer?
Preoperative, and early postoperative HRQOL symptom scales were independent 
prognostic predictors for survival, besides established clinical-pathological 
parameters, which can be used to more accurately predict survival after treatment.

18 what are long-term reported QOL and medical outcomes following pancreatic cyst 
resection?
Long-term QOL is equal to healthy references, pancreatic insufficiency is prevalent, 
but does not impair QOL .The excellent outcome justifies proceeding with surgery once 
a medical indication for resection has been established.
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SAmENvATTING 

In dit proefschrift staat evaluatie van de waarde van preoperatieve galwegdrainage bij 
patiënten met een pancreas- of periampullair carcinoom centraal. Andere aspecten 
van hepatopancreaticobiliare chirurgie die werden onderzocht omvatten het logische 
continuüm van het stellen van de diagnose en indicatie tot chirurgisch interveniëren, 
tot het evalueren van zowel korte- als lange termijn uitkomsten. Waar van toepas-
sing hebben wij getracht onze resultaten te beschouwen in het licht van het IDEAL 
stappenplan van chirurgische innovatie en evaluatie van het Balliol Colloquium, 
een internationaal consensus document betreffende de organisatie van chirurgisch 
onderzoek. Dit proefschrift bestaat deels uit basaal experimentele studies, deels uit 
een kritische evaluatie van de literatuur en deels uit evaluatie van retrospectieve en 
prospectieve (multicentrische, gerandomiseerde) patiëntengroepen.

Het proefschrift is opgebouwd rondom de volgende vijf thema’s; Wat is de waarde 
van preoperatieve galwegdrainage bij het pancreascarcinoom? (Deel 1) Hoe definië-
ren en registreren we complicaties die kunnen optreden bij pancreaschirurgie en wat 
is de invloed van complicaties op overleving? (Deel 2) Hoe kan chronische pancreati-
tis chirurgisch behandeld worden, wat zijn de resultaten en wat bepaalt de uitkomst? 
(Deel 3) Wat is het optimale diagnostische algoritme voor pancreas- en periampul-
laire maligniteiten en wat zijn belangrijke prognostische variabelen voor de overle-
ving na chirurgie? (Deel 4) Wat is het perspectief van de patiënt op de chirurgische 
behandeling van aandoeningen van het pancreas, wat zijn de door de patiënt gerap-
porteerde uitkomsten, en wat is de associatie tussen deze uitkomsten en overleving? 
(Deel 5) Thematisch divers geven de verschillende delen van het proefschrift hier-
mee een goed beeld van de multimodale aspecten van de hepatopancreaticobiliaire 
chirurgie. 

De afdeling chirurgie van het Academisch Medisch Centrum (AMC) in Amster-
dam heeft een lange traditie en ervaring in het behandelen van hepatopancreatico-
biliare ziekten. Het AMC fungeert als één van de grootste tertiaire verwijscentra in 
Nederland voor deze aandoeningen. Hoewel het een relatief zeldzame ziekte entiteit 
betreft bieden de omvangrijke patiëntengroepen, welke continue in een prospec-
tieve database geregistreerd worden, de mogelijkheid uiteenlopende hypothesen te 
analyseren en te testen. Onderzoek in dit proefschrift werd verricht in de periode 
2006-2011 in nauwe samenwerking met de afdelingen radiologie, gastro-enterologie, 
interne geneeskunde, pathologie, medische psychologie, en klinische epidemiologie 
en biostatistiek van het AMC. Voor de multicentrische studies kon worden samen-
gewerkt met de afdelingen chirurgie en gastro-enterologie van de diverse participe-
rende centra.

Uitdagend geponeerd appelleert de titel van het proefschrift [Challenging Dog-
mas in Pancreatic Surgery; Het betwisten van dogma’s in de pancreaschirurgie] aan 
de kritische evaluatie van gevestigde opvattingen in de toegepaste praktijk van de 
pancreaschirurgie. Immers, tal van chirurgische procedures en conventies over hoe 
de patiënt behandeld dient te worden zijn vaak het resultaat van aloude tradities en 
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opvattingen zonder dat zij gestoeld zijn op gedegen onderzoek (‘evidence-based sur-
gery’). De bewering beperkt zich niet tot de pancreaschirurgie, in de werkervaring 
van de auteur kan deze ook geëxtrapoleerd worden naar andere differentiaties bin-
nen de chirurgie. Hoewel het concept van ‘evidence-based medicine’ grofweg 15-20 
jaar geleden geïntroduceerd werd, is het volgen van dit principe binnen de chirurgie 
zeker nog geen vanzelfsprekendheid; ‘eminence-based’ surgery is nog veelvuldig de 
dagelijkse praktijk. Samengevat onderstreept dit uitstekend de behoefte die de initia-
tors van het Balliol Colloquium voelden om de evaluatie van onze werkwijzen binnen 
de chirurgie te standaardiseren met als hoger doel de beste zorg te leveren voor onze 
patiënten. 

In de hiernavolgende discussie volgt een samenvatting van onze belangrijkste 
bevindingen per hoofdstuk voor elk van de vijf thema’s. Relevante aspecten voor 
de klinische praktijk komen aan bod en mogelijkheden voor toekomstig onderzoek, 
voortvloeiend uit de bevindingen van dit proefschrift, worden geopperd en toegelicht.

Deel I: Rol van Preoperatieve Galwegdrainage bij Pancreaskoptumoren
Van oudsher bestond de associatie dat chirurgie bij icterische patiënten een verhoogd 
risico op postoperatieve complicaties gaf; preoperatieve galwegdrainage om de icte-
rus te doen afnemen leek een logische stap om de postoperatieve uitkomst te verbe-
teren. 

De samenvatting in HOOFDSTUK 2 geeft aan dat in oudere (dier)experimen-
tele studies galwegdrainage vrijwel zonder uitzondering is geassocieerd met gun-
stige uitkomsten: verbeterde leverfunctie en voedingsstatus, reductie in systemische 
endotoxemie en cytokine release met als gevolg een verbeterde immuunrespons. In 
deze studies werd eveneens een reductie in de postoperatieve mortaliteit waargeno-
men. In de laatste 10-15 jaar hebben klinische studies echter een opmerkelijke ver-
andering in het voordeel van preoperatieve galwegdrainage in de behandeling van 
pancreaskanker met obstructie-icterus gerapporteerd. Oorspronkelijk beschouwd als 
nuttige interventie bleek uit meer recente studies dat het routinematig verrichten 
van preoperatieve galwegdrainage niet de gewenste verbetering in uitkomst ople-
verde. Het probleem is dat de best beschikbare evidence grotendeels verouderd of 
methodologisch insufficiënt is, waardoor de kracht van de bewijslast en daarmee de 
consequenties voor de klinische praktijk sterk beperkt blijven.

Galzouten zijn potente detergentia en worden nauwgezet gereguleerd. Galwegob-
structie door tumoren in de pancreaskop leiden tot accumulatie van galzouten in de 
lever. Deze accumulatie brengt een adaptieve respons op gang, die gericht is op het 
minimaliseren van hepatocellulaire schade door de novo galzoutsynthese te redu-
ceren en secretieroutes te stimuleren. HOOFDSTUK 3 toont aan dat er een sterke 
expressie van hepatisch FGF19, normaal afwezig in de lever, en verhoogd plasma 
FGF19 bestaat in patiënten met extrahepatische cholestase. Aangezien FGF19 contro-
lerende doelgenen voor galzoutsynthese downreguleert kunnen deze aanpassingen 
betrokken zijn in een bepaalde vorm van zelfprotectie tegen leverschade in geval van 
obstructie-icterus.
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In HOOFDSTUK 4 tonen we aan dat in cholestatische patiënten sprake is van 
lagere concentraties van de plasma vitamine K-afhankelijke stollingsfactoren II en 
VII, terwijl protrombinetijd (PT), geactiveerde partiële tromboplastine tijd (aPTT), 
en factor V onveranderd bleken. Ondanks de verminderde aanmaak van vitamine 
K-afhankelijke stollingsfactoren, was de trombine aanmaak verhoogd, mogelijk 
door de systemische inflammatoire respons bij patiënten met obstructie-icterus. De 
hemostatische veranderingen door cholestase werden bijna volledig hersteld door het 
uitvoeren van preoperatieve galwegdrainage.

HOOFDSTUK 5 beschrijft de resultaten van de DROP studie (preoperatieve 
DRainage versus directe OPeratie-strategie). In deze multicentrische, gerandomi-
seerde studie werden 202 patiënten met obstructie-icterus en een serumwaarde van 
totaal bilirubine van 40-250 μmol/l gerandomiseerd naar preoperatieve galwegdrai-
nage voor 4-6 weken gevolgd door operatie (n=106), of directe operatie binnen 1 week 
na diagnose (n=96). De primaire uitkomstmaat van de studie was het optreden van 
ernstige complicaties tot 120 dagen na randomisatie, gedefinieerd als elke ernstige 
complicatie gerelateerd aan de drainageprocedure of de chirurgische behandeling. 
Significant minder patiënten in de directe-operatiegroep kregen complicaties: 37 
(39%) tegen 75 (74%) in de drainagegroep (relatief risico [RR]: 0.54; 95%-betrouw-
baarheidsinterval [BI]: 0.41-0.71; P<0.001). In de drainagegroep was galwegdrainage 
succesvol bij 96 patiënten (94%) na één of meerdere pogingen, complicaties traden 
op bij 47 patiënten (46%). Complicaties gerelateerd aan chirurgie traden op bij 35 
patiënten (37%) in de directe-operatiegroep tegen 47 (47%) in de drainagegroep (RR: 
0.79; 95%-BI: 0.57-1.11; P<0.14). Sterfte en opnameduur waren niet significant ver-
schillend tussen beide groepen.

Zoals volgt uit HOOFDSTUK 5 dient preoperatieve galwegdrainage niet routi-
nematig verricht te worden om complicatiereductie te bereiken. Drainage vanwege 
secundaire argumenten (v.b. logistiek, wachtlijsten, geplande neo-adjuvante behan-
deling) kan een optie zijn in geselecteerde gevallen. Het noodzakelijk uitstellen van 
de chirurgische behandeling in geval van preoperatieve galwegdrainage, een mini-
male periode van 4 weken drainage is vereist voor normalisering van belangrijke 
synthese- en afbraakfuncties van de lever, zou kunnen leiden tot meer gevorderde 
tumorstadia bij exploratie. In theorie kan dit het resectiepercentage negatief beïnvloe-
den en leiden tot een verslechterde overleving. In HOOFDSTUK 6 werden de twee 
eerder beschreven behandelstrategieën vergeleken, waarbij we vonden dat toewijzing 
aan de strategie met galwegdrainage inderdaad leidde tot een significant langer inter-
val tot chirurgie (correlatiecoëfficiënt: 0.861, P<0.001). Het resectiepercentage, 60 
van 89 (67%) patiënten in de directe operatiegroep versus 53 van 89 (58%) in de 
galwegdrainagegroep, was echter niet significant verschillend (P=0.20). Significante 
prognostische variabelen voor algehele overleving van de gehele groep waren tijd tot 
chirurgie (hazard ratio [HR]: 0.90, 95%-BI: 0.83-0.97), resectie (HR 0.26, 95%-BI: 
0.18-0.37), hoge serumwaarden totaal bilirubine (>200; HR 1.72, 95%-BI: 1.06-2.78), 
en complicaties van de behandeling (HR 1.44, 95%-BI: 1.00-2.08). 
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Deel II: Complicaties Geassocieerd met Pancreaschirurgie 
HOOFDSTUK 7 beschrijft een incidentie van 9% van chyleuze ascites na pancrea-
schirurgie volgens een nieuwe definitie. Klinisch significante chyleuze ascites (graad 
B en C) treedt op in 4% van de gevallen volgens een nieuw opgesteld classificatie-
systeem. De diagnose werd gesteld op postoperatieve dag 6 (mediaan; interquartile 
range [IQR] 5-8), frequent volgend op het starten met een normaal dieet. Vrouwelijk 
geslacht (odds ratio [OR] 1.79; 95% BI 1.05-3.03) en chronische pancreatitis bij patho-
logisch onderzoek (OR 2.52; 95% BI 1.19-5.32) waren onafhankelijke variabelen geas-
socieerd met het ontstaan van chyleuze ascites. In alle gevallen was het instellen van 
een aangepast dieet afdoende. Het geïsoleerd voorkomen van chyleuze ascites was 
geassocieerd met een significant verlengde opnameduur (P=0.002).

In HOOFDSTUK 8 tonen we aan dat toepassing van consensus definities van 
complicaties, vergeleken het ons oude registratiesysteem, leidt tot een hogere inci-
dentie van complicaties; postpancreatectomie bloeding (PPH) in 51 (8%) patiënten 
volgens International Study Group on Pancreatic Surgery (ISGPS) definities versus 
19 (3%) patiënten volgens de oude definitie; lekkage van de pancreaticojejunostomie 
(POPF) in 116 (18%) patiënten versus 81 (13%) patiënten; vertraagde maagontledi-
ging (DGE) in 430 (69%) tegen 162 (26%) patiënten. Het classificatiesysteem van 
ernst van complicaties geeft een bruikbaar inzicht in de klinische implicaties van 
de complicaties, maar voor POPF en PPH kon geen belangrijk verschil in uitkomst 
en behandeling aangetoond worden tussen patiënten zonder complicatie en zij die 
voldeden aan graad A [lichtste graad van complicaties]. Voor alle drie de complicaties 
ISGPS graad B en C correspondeerden met een verlengde opnameduur: voor PPH 
graad B 17 dagen versus graad C 32 dagen versus 14 dagen voor patiënten met graad 
A of geen complicatie (P<0.001); POPF 22 en 36 dagen versus 13 dagen (P<0.001); 
DGE 10 en 20 dagen versus 33 dagen (P<0.001). Iedere graad C complicatie was geas-
socieerd met het hoogste risico op mortaliteit.

De prognostische uitkomststudie in HOOFDSTUK 9 toont aan dat majeure com-
plicaties na pancreasresectie voor kanker onafhankelijk geassocieerd zijn met een 
verslechterde overleving. De mediane overleving voor het pancreasadenocarcinoom 
was 22 (IQR 18-25) maanden na een ongecompliceerd verlopen ziekenhuis opname 
tegen 16 (13-19) maanden bij patiënten met majeure chirurgische complicaties 
(P=0.021). Multivariabele Cox regressieanalyse toonde aan dat microscopische irradi-
caliteit (R1), complicaties, en adjuvante therapie onafhankelijke voorspellers zijn voor 
recidivering van de ziekte. Binnen de R1 groep was de overleving voor patiënten met 
complicaties nog slechter; 10 (IQR 8-11) versus 19 (IQR 15-22) maanden voor patiënten 
zonder complicaties (P<0.001). Bij patiënten met een R1 resectie waren het optreden 
van complicaties de enige onafhankelijke voorspeller voor een korter tijdsinterval 
tot overlijden (HR 1.96; 95% BI: 1.16-3.30). Complicaties hadden geen invloed op de 
overleving bij patiënten met een periampullair carcinoom. 
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Deel III: Chirurgische Behandeling van Chronische Pancreatitis
Continue verbeteringen in beeldvormende technieken, alsook een beter begrip 
van de pathofysiologie van chronische pancreatitis en het ontstaan van pijn, heb-
ben geleid tot een meer consciëntieuze selectie van patiënten, die voordeel kunnen 
hebben van chirurgie voor pijn bij chronische pancreatitis. De literatuurstudie in 
HOOFDSTUK 10 benadrukt dat het type chirurgische interventie afhangt van de 
aanwezigheid van dilatatie van de ductus pancreaticus, het niveau van obstructie, de 
aanwezigheid van een inflammatoire massa en het optreden van complicaties van de 
ziekte (v.b. pseudycystevorming, maaguitgangsstenose). De rol van endoscopische 
behandeling, populair geworden als minimaal-invasieve eerstelijnsbehandeling, lijkt 
beperkt en is minder effectief dan chirurgie. Bovendien lijkt het vroeg in het beloop 
van de ziekte chirurgisch interveniëren ziekteprogressie te kunnen remmen of zelfs 
tot staan te brengen.
De observationele cohortstudie in HOOFDSTUK 11 beschrijft multimodale uitkom-
sten van de AMC ervaring met 223 patiënten die chirurgisch behandeld werden 
voor chronische pancreatitis. De chirurgische behandeling was toegesneden op de 
individuele anatomische afwijkingen als hiervoor beschreven. Mediaan 63 maanden 
(range 14-268) na behandeling rapporteert 68% van de patiënten geen pijn meer te 
hebben, 19% heeft matige pijn en 12% heeft nog ernstige pijnklachten. Preoperatief 
dagelijks opiaatgebruik (OR: 3.04; 95% BI: 1.09-8.49) en een groot aantal vooraf-
gaande endoscopische procedures (OR: 3.89; 95% BI: 1.01-14.9) waren geassocieerd 
met persisterende ernstige pijn. Vergeleken met referentiewaarden bleef fysieke 
meer dan mentale kwaliteit van leven beperkt (P<0.05). Bij follow-up bleek dat endo-
criene insufficiëntie voorkwam bij 57% van de patiënten en exocriene insufficiëntie 
bij 77%. 20 maanden (IQR 10-51) na chirurgie ondergingen 26 van de 223 patiënten 
(12%) één of meer electieve reoperaties. 
In HOOFDSTUK 12 beschrijven we een systematische literatuurstudie van 827 arti-
kelen naar het vóórkomen van pancreasinsufficiëntie bij patiënten die chirurgisch 
behandeld zijn voor pijn bij chronische pancreatitis. Afhankelijk van het type chi-
rurgische interventie werd variërend een risico op preoperatieve endocriene insuf-
ficiëntie beschreven, vermoedelijk als gevolg van de ziekte zelf, van 22.2 procent 
(pancreassstaart-resectie), tot 23.0 (pancreaticojejunostomie) en 36.7 procent (pan-
creaskop-resectie). Postoperatief nam dit toe tot respectievelijk 55.6 procent, 41.9 pro-
cent en 51.9 procent. Diabetes de novo na chirurgie werd voornamelijk beschreven 
in studies met een langere follow-up (>2 jaar). Pancreasinsufficiëntie is prevalent in 
patiënten die chirurgisch behandeld zijn voor pijn bij chronische pancreatitis en is 
progressief. In hoeverre insufficiëntie door chirurgisch interveniëren komt, danwel 
het gevolg is van progressieve ziekte, is niet goed aan te geven vanwege grote hetero-
geniteit in beschikbare studies met zeer wisselende follow-up duur.
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Deel IV: Diagnose en Prognose van Hepatopancreaticobiliaire Ziekten
De waarde van endoscopische ultrasonografie (EUS) voor diagnose en locoregionale 
stagering van vermoedelijke pancreaskoptumoren is regelmatig geëvalueerd, echter 
niet in de rol van add-on test na een negatieve CT. In HOOFDSTUK 13 evalueerden 
wij de diagnostische accuratesse van EUS in het detecteren van solide laesies van het 
pancreas na een negatieve CT of na een negatieve of inconclusieve CT. De resultaten 
werden vergeleken met een ‘single imaging’ strategie (alleen CT). CT detecteerde 
een solide laesie in 198 van 335 geïncludeerde patiënten (59%) waarvan in 189 (95%) 
gevallen een (pre)maligne laesie bleek. CT was inconclusief of negatief voor 137 (41%) 
patiënten. Hiervan ondergingen 106 (77%) patiënten een EUS, die een laesie toonde 
in 63 (59%) patiënten waarvan 53 (84%) een (pre)maligne laesie bleek te hebben. Van 
de 43 patiënten alwaar EUS geen laesie kon aantonen hadden uiteindelijk 10 (23%) 
patiënten alsnog een (pre)maligne laesie. Een diagnostische strategie met EUS ná 
een negatieve CT had een sensitiviteit van 90%, EUS na een negatieve of inconclu-
sieve CT gaf de hoogste stijging in sensitiviteit ten opzichte van ‘single imaging’ 
(96% versus 72%, P<0.001)

In HOOFDSTUK 14 vatten we de resultaten samen van de herbeoordeling van 75 
van 160 (46.9%) pathologische preparaten van patiënten met een adenocarcinoom 
van de papil van Vater en tumorpositieve lymfklieren. De relatie tussen extracap-
sulaire lymfklierbetrokkenheid en tumorstadium alsook de prognostische beteke-
nis werd onderzocht. Bij 44 van de 75 patiënten (59%) bleek sprake van extracap-
sulaire lymfklierbetrokkenheid. Mediane algehele overleving voor patiënten met 
intra- versus extracapsulaire lymfklierbetrokkenheid was respectievelijk 30 versus 18 
maanden (P=0.015), de vijfjaarsoverleving 20% versus 9 %. Patiënten zonder lymf-
klierbetrokkenheid kenden een overleving van 59%. Extracapsulaire lymfklierbe-
trokkenheid en tumordifferentiatie waren onafhankelijke prognostische variabelen 
voor overleving. Voor patiënten met tumorpositieve lymfklieren was extracapsulaire 
lymfklierbetrokkenheid de enige significante prognostische variabele voor recidive-
ring van de ziekte na een radicale resectie (R0). De aanwezigheid van extracapsulaire 
lymfklierbetrokkenheid identificeert een subgroep van patiënten met een significant 
slechtere overleving.

Teneinde de prognostische waarde van tumorlocatie van het extrahepatische cho-
langiocarcinoom op overleving te evalueren, onderzochten wij 175 patiënten die een 
potentieel curatieve resectie hadden ondergaan. De uitkomststudie in HOOFDSTUK 
15 beschrijft een ziektespecifiek overlijdensrisico voor het gehele cohort van 83%, 
58% en 26% na respectievelijk 1, 2 en 5 jaar. Vijfjaarsoverleving per tumorlocatie 
was 42% voor proximale, 23% voor mid en 19% voor distale cholangiocarcinomen, 
maar locatie an sich was geen onafhankelijke, significante voorspeller (P=0.06). Een 
nieuw ontwikkeld predictiemodel met alle prognostische variabelen en een gere-
duceerd model met alleen lymfklierstatus, microscopisch tumorresidu en tumor-
differentiatie, voorspelden overleving iets beter dan het conventionele TNM-model 
(Tumor Node Metastasis) (respectievelijke concordance indices 0.65, 0.66 en 0.63). 
Wij ontwikkelden een prognostisch nomogram op basis van deze informatie.
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Deel V: Patient-Gerappporteerde Uitkomsten na Pancreaschirurgie
In HOOFDSTUK 16 wordt een samenvatting gegeven van een studie waarin we de 
gezondheidsgerelateerde kwaliteit van leven (KvL) en behandelvoorkeur evalueerden 
onder patiënten van de DROP studie. Van de 73 geincludeerde patiënten ondergingen 
38 (52%) vroege chirurgie en 35 (48%) preoperatieve galwegdrainage. De verbetering 
in algehele gezondheidstoestand na behandeling ten opzichte van voor de behande-
ling was significant binnen beide behandelarmen (P=0.002), echter zonder verschil 
tussen beide groepen (P=0.16). Ook voor 13 andere KvL domeinen verbeterden beide 
groepen in gelijke mate. Alleen voor de levergerelateerde symptoomschaal (jeuk, 
geelzucht) verbeterden patiënten die preoperatieve galwegdrainage hadden onder-
gaan significant beter (P=0.02), terwijl vroeg geopereerde patiënten een iets hogere 
tevredenheid met de algehele behandeling rapporteerden (P=0.09). Het merendeel 
van de patiënten gaf aan, zowel voor aanvang van de behandeling (80%) als na de 
behandeling (76%), vroege chirurgie te prefereren als behandelstrategie indien de 
mogelijkheid tot kiezen buiten studieverband bestond. Vanuit het perspectief van 
KvL kunnen beide strategieën als equivalent beschouwd worden. De voorkeur van de 
patiënten gaat echter uit naar vroege chirurgie, een argument voor standaardisatie 
van deze strategie.

In HOOFDSTUK 17 evalueerden we de prognostische waarde voor overleving van 
preoperatieve en vroege postoperatieve KvL na pancreaschirurgie. In het multivaria-
bele preoperatieve model was de symptoomscore pancreasgerelateerde pijn een onaf-
hankelijke voorspeller voor ziektespecifieke overleving (P=0.009), gewichtsverlies 
was voorspellend voor algehele overleving (P=0.009). In het multivariabele posto-
peratieve model waren de KvL-schaal vermoeidheid (P=0.013), chirurgische compli-
caties (P=0.008), en microscopisch tumorresidu (P<0.001) voorspellers voor ziek-
tespecifieke en algehele overleving bij patiënten, die resectie van de tumor hadden 
ondergaan. Voor patiënten die palliatieve chirurgie vanwege irresectabele ziekte had-
den ondergaan was de symptoomschaal een veranderd stoelgangpatroon (P=0.05) 
de enige KvL voorspeller, die een trend naar significantie vertoonde. Geselecteerde 
KvL symptoomschalen bleken onafhankelijke voorspellers van overleving te zijn, 
naast conventionele klinische en pathologische karakteristieken. Deze bevindingen 
zouden in aanmerking genomen dienen te worden als pancreaschirurgie overwogen 
wordt, en bieden de mogelijkheid tot het accurater voorspellen van overleving van de 
individuele patiënt. 

HOOFDSTUK 18 presenteert de lange termijn uitkomsten van 108 patiënten, die 
een resectie ondergingen van een primaire cysteuze laesie van het pancreas. Van 
deze serie bleken 77 patiënten (73%) een resectie van een benigne laesie te hebben 
ondergaan. Overleving en operatiegerelateerde morbiditeit zijn belangrijke uitkom-
sten van chirurgische behandeling, maar in een patiëntengroep met een hoog aantal 
benigne resecties is lange termijn KvL een andere vitale uitkomst. Na een mediane 
follow-up van bijna 5 jaar waren de generieke fysieke en mentale KvL scores gelijk of 
zelfs beter ten opzichte van een gezonde referentiepopulatie. Onafhankelijke voor-
spellers voor een goede gezondheidstoestand ten tijde van follow-up waren (jonge) 

Challenging dogmas in pancreatic surgery_007.indd   341 20-9-2012   13:49:47



342

leeftijd (P<0.5) en resectie van een maligne laesie (P<0.05), terwijl voor goede gas-
trointestinale KvL mannelijk geslacht (P<0.1), beperkte uitgebreidheid van de resec-
tie (P<0.05), endocriene insufficiëntie (P<0.05) en werkgelegenheid (P<0.05) signifi-
cante predictoren waren. Wij concluderen dat, gezien de excellente KvL uitkomst, het 
uitvoeren van een chirurgische behandeling in deze patiëntengroep gerechtvaardigd 
is zodra de medische indicatie voor resectie van een pancreascyste vastgesteld is. 

CONCLUSIES EN TOEKOmSTPERSPECTIEvEN

Onze belangrijkste bevindingen (Tabel 1) en de veronderstelde implicaties voor de 
klinische praktijk worden toegelicht in de volgende overeenkomende paragrafen. 
Suggesties voor toekomstig onderzoek, voortvloeiend uit onze resultaten, worden 
eveneens gegeven.

Deel I: Rol van Preoperatieve Galwegdrainage bij Pancreaskoptumoren
Wij hebben aangetoond dat preoperatieve galwegdrainage niet als routine procedure 
verricht dient te worden en zelfs potentieel schadelijk is voor patiënten. Definitief 
bewijs heeft uiteindelijk de langbestaande controverse over het veronderstelde voor-
deel van preoperatieve galwegdrainage beslecht. Deze uitkomst is een uitstekend 
voorbeeld van kritische evaluatie van een procedure, waarvan de historische concep-
tuele bewijslast (IDEAL stadium 1), hoewel goed voorstelbaar op pathofysiologische 
gronden, uiteindelijk gefalsificeerd wordt in de beoordelingsfase (IDEAL stadium 3) 
met behulp van up-to-date gerandomiseerde trialdata. Het is interessant dat alter-
natieve argumenten, anders dan het medisch bewezen nut voor de procedure, reeds 
naar voren gebracht worden om het toepassen van de procedure te rechtvaardigen.1 
Logistiek en wachtlijsten, soms onvermijdbaar, zouden factoren kunnen zijn, die 
de beslissing om over te gaan tot preoperatieve galwegdrainage kunnen beïnvloe-
den. Andere argumenten kunnen zijn een noodzakelijk langer diagnostisch traject 
met laparoscopie (op indicatie) of het instellen van neo-adjuvante therapie. Niettemin 
dient in onze opinie de organisatie van gezondheidszorg ingericht te worden ter opti-
malisatie van de uitkomst (vroege chirurgie is de logische optie) in plaats van het op 
rigide wijze dicteren van de uitkomst (preoperatieve galwegdrainage als noodzaak). 

Met het falsificeren van de hypothese dat preoperatieve galwegdrainage van 
gunstige invloed is op de uitkomst, is surveillance de volgende stap in de evaluatie 
(IDEAL stadium 4). Wij hebben in dit proefschrift aangetoond dat, bezien vanuit het 
perspectief van overleving, beide behandelstrategieën veilig zijn. Met het in ogen-
schouw nemen van regionale variaties zal verder beschrijvend onderzoek en auditing 
gericht moeten zijn op het in kaart brengen van de haalbaarheid van een vroege 
operatiestrategie en de lange termijn uitkomsten van deze strategie buiten onder-
zoeksverband.

Wanneer preoperatieve galwegdrainage niet vermijdbaar is, geplande neo-adju-
vante therapie lijkt het meest plausibele argument, hebben wij gesuggereerd dat 
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metalen stents (self-expandable metal stents; SEMS) gebruikt kunnen worden ter 
overbrugging tot chirurgische behandeling. In palliatieve setting is duidelijk gewor-
den dat SEMS duurzamer zijn (minder complicaties zoals occlusie, cholangitis etc.) 
dan plastic stents. Kritiek op onze studie was vooral gericht was op het gebruik van 
plastic stents als mogelijke verklaring voor het hoge aantal drainagegerelateerde 
complicaties. De toepassing van SEMS voor preoperatieve galwegdrainage bij het 
pancreascarcinoom is echter nooit prospectief onderzocht en tot op heden nauwe-
lijks toegepast voor deze indicatie. De lopende STENT studie (trialregister nummer: 
NTR3142) is ontworpen om de toepassing van SEMS voor deze indicatie te evalueren 
en te valideren. 

Wij hebben aangetoond dat preoperatieve galwegdrainage verstoorde bloedstol-
lingparameters als gevolg van obstructie-icterus herstelt tot normale waarden. Deze 
veranderde hemostase, beschouwd als één van de grootste risico’s van obstructie-
icterus, leidde in ons studiecohort niet tot meer complicaties. Wij includeerden ech-
ter geen patiënten met vergevorderde ziekte en zeer hoge bilirubine serumwaardes 
(>250 μmol/L). Toekomstige studies naar de precieze waarde van preoperatieve gal-
wegdrainage bij deze patiënten zijn geïndiceerd, alsook zij die een zeer uitgebreide 
leverresectie moeten ondergaan, zoals bij hilaire cholangiocarcinomen. Voor de laat-
ste categorie patiënten geldt dat er geen gerandomiseerde series bestaan die behan-
delstrategieën met of zonder preoperatieve galwegdrainage vergelijken.

Het aantonen van een adaptieve respons voor regulatie van de galzouthomeostase 
bij extrahepatische cholestase en de rol van FGF19 hierin zijn belangrijke nieuwe 
bevindingen. In de toekomst zou bezien kunnen worden of en hoe FGF19 expressie 
van andere genen beïnvloedt, en of FGF19 ook betrokken is bij de adaptieve respons 
in chronische cholestatische leverziekten zoals primaire biliaire cirrhose en primair 
scleroserende cholangitis.

Deel II: Complicaties Geassocieerd met Pancreaschirurgie 
Chyleuze ascites na pancreaschirurgie is een relatief milde complicatie, goed te 
behandelen met dieetmaatregelen, maar kan leiden tot een verlengde opnameduur. 
Een niet eerder bestaande definitie met graderingsysteem, om de ernst van de com-
plicatie te beter te kunnen beschouwen, wordt in dit proefschrift gegeven. 

Het toepassen van ISGPS consensus definities voor drie prevalente en majeure 
complicaties na pancreatoduodenectomie geeft een stijging in registratie van com-
plicaties ten opzichte van het oude registratiesysteem. Het gekoppelde gradering-
systeem geeft een transparant inzicht in de ernst en klinische consequenties van de 
geregistreerde complicaties, welke voorheen niet beschikbaar was. Enkele inconsis-
tenties en het feit dat de implicaties van graad A complicaties frequent niet verschilt 
van een ongecompliceerde ziekenhuisopname, zijn facetten die in verder onderzoek 
uitgewerkt dienen te worden. 

Een belangrijk punt van aandacht is dat het doel van consensus definities voor 
complicaties inhoudt het erkennen en zonder voorwaarden of aanpassingen toepas-
sen van de definities om een eerlijke vergelijking tussen centra mogelijk te maken. 
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Opmerkelijk genoeg heeft naast de ISGPS een andere studiegroep eveneens een 
classificatiesysteem voor ernst van complicaties opgesteld (Clavien-Dindo classifica-
tie).2-4 Zowel dit systeem als het ISGPS systeem is al in een aantal publicaties over 
pancreaschirurgie toegepast, waarmee het eerder onderkende probleem [geen trans-
parante vergelijking tussen centra door (te) heterogene definities van complicaties] 
zich opnieuw voordoet.5-9 Toekomstige studies zijn nodig om de beide systemen te 
vergelijken, maar focussen idealiter op het vinden van consensus tussen de systemen 
met als uiteindelijk doel ontwikkeling van één allesomvattend registratiesysteem. 
Een politieke oplossing naast alleen een wetenschappelijke basis is hiervoor waar-
schijnlijk noodzakelijk.

Ernstige chirurgische complicaties zijn onafhankelijk voorspellend voor een 
beperktere overleving na pancreatoduodenectomie voor het pancreascarcinoom, 
echter niet voor periampullaire carcinomen. Deze associatie geldt nog sterker voor 
patiënten die resectie hebben ondergaan, waarbij sprake is van microscopisch tumor-
residu. Deze bevinding onderstreept het voortdurend belang het risico op complica-
ties bij deze majeure chirurgie te minimaliseren, v.b. door centralisatie, zorgvuldige 
patiëntselectie, in een poging de beste kansen op ziektevrije overleving te bieden. 
Of immunologische patiëntgerelateerde factoren de groei van microscopisch tumor-
residu of -recidief bevorderen, en daarmee de mogelijkheid bieden voor gerichte 
interventie, moet voor deze patiënten onderzocht worden in toekomstige studies.

Deel III: Chirurgische Behandeling van Chronische Pancreatitis
Voor het toekomstperspectief van patiënten met chronische pancreatitis is het ade-
quaat stellen van de diagnose in een vroeg beloop van de ziekte cruciaal, omdat 
duidelijk is dat vroeg chirurgisch interveniëren in het ziektebeloop progressie van 
de ziekte kan vertragen of zelfs tot staan brengen. De best beschikbare bewijslast, 
aangevuld met lange termijn uitkomsten (IDEAL stadium 4) toont aan dat chirurgie 
in uitkomst superieur is vergeleken met endoscopische therapie voor patiënten met 
chronische pancreatitis zonder inflammatoire massa in de pancreaskop.12;13 Gestan-
daardiseerde, prospectieve registratie van elk nieuw ziektegeval, bij voorkeur in 
nationaal verband zoals eerder gesuggereerd door onze groep, helpt bij het verschaf-
fen van optimale zorg aan patiënten met chronische pancreatitis.10 Onze suggestie 
heeft in Nederland geleid tot de oprichting van de nationale Chronische Pancreatitis 
REgistratie (CARE). Conform het IDEAL stappenplan (stadium 3) is de hypothese dat 
vroeg opereren gunstig is, zoals beschreven in descriptieve series, de centrale studie-
vraag in de lopende ESCAPE trial: Early Surgery versus optimal Current step-up 
prActice for chronic PancrEatitis, a multi-centre randomized controlled trial (Dutch 
Trial Registry Number: NTR2794).11 

De meerwaarde van het uitvoeren van een op maat gesneden chirurgische 
behandeling voor chronische pancreatitis, m.a.w. geen pancreaskopresectie bij een 
diameter van minder dan 4 cm, wordt ondersteund door excellente tot redelijke pati-
entgerapporteerde uitkomsten. Bovendien lijkt het uitvoeren van een chirurgische 
drainageprocedure tot een beter behoud van pancreasfunctie te leiden dan een pan-
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creaskopresectie. Prospectieve evaluatie en registratie, incluis baseline metingen 
van pijn en KvL met gevalideerde vragenlijsten, zou deze hypothese verder kunnen 
bekrachtigen. Het percentage non-responders op de operatie zou kunnen dalen op 
het moment dat de pathogenese van neuropathische pijn van het pancreas verder is 
opgehelderd. 

Pancreasinsufficiëntie impliceert significante en progressieve ziektelast bij 
patiënten met chronische pancreatitis, die chirurgisch behandeld zijn voor pijn. De 
heterogene follow-up duur van de beschikbare studies belet het trekken van duide-
lijke conclusies ten aanzien van het risico op insufficiëntie ten gevolge van de ziekte 
of de operatie. De CARE registratie en de ESCAPE trial zouden een antwoord kun-
nen verschaffen. 

Deel IV: Diagnose en Prognose van Hepatopancreaticobiliaire Ziekten
Wij hebben aangetoond dat een diagnostische strategie voor het detecteren van 
solide pancreastumoren met EUS als add-on test na een negatieve of inconclusieve 
CT tot een significante verbetering in accuratesse leidt. Verdere studies dienen onze 
bevindingen extern te valideren, maar ook het kosteneffectiviteitprincipe van deze 
strategie te evalueren. Het management indien beide onderzoeken negatief blijken 
is nog niet duidelijk en dient gedefinieerd te worden gezien het risico op een malig-
niteit van ca. 23%. 

Voor het nauwkeuriger en meer geïndividualiseerd kunnen vaststellen van de 
prognose na een oncologische operatie lijkt het onderzoeken van nieuwe factoren, 
naast bekende pathologische variabelen, nuttig. Voor patiënten met een adenocarci-
noom van de papil van Vater geldt dat tumoruitbreiding buiten het kapsel van de lym-
feklier een subgroep identificeert met een significant slechtere overleving. Vergelijk-
baar met het oesofaguscarcinoom dient naar onze mening dit aspect geïncludeerd 
te worden in het standaard pathologisch onderzoek.14 Verdere studies naar correlatie 
tussen overleving en deze factor bij andere typen tumoren in de pancreaskop zijn 
geïndiceerd. 

Voor patiënten die een resectie hebben ondergaan van een extrahepatisch cho-
langiocarcinoom leek een trend te bestaan voor een minder gunstige overleving van 
distale tumoren ten opzichte van proximale of mid-gelokaliseerde tumoren. Locatie 
was echter geen onafhankelijk voorspellende variabele. Een resectie met tumorvrije 
marge was de enige prognostische factor, die gerelateerd was aan de operatie. In het 
bijzonder voor mid-gelokaliseerde tumoren betekent dit dat voor verbetering van de 
overleving de chirurgische procedure uitgebreid dient te worden met een partiële 
leverresectie of pancreatoduodenectomie, afhankelijk van de precieze locatie van de 
tumor. Een prognostisch model met de variabelen lymfklierstatus, microscopisch 
tumorresidu en tumordifferentiatie was nauwkeuriger in het voorspellen van de 
prognose ten opzichte van de conventionele TNM stagering. Het hiervan afgeleide 
nomogram dient verder extern gevalideerd te worden. 
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Deel V: Patient-Gerappporteerde Uitkomsten na Pancreaschirurgie
Het uitvoeren van preoperatieve galwegdrainage ter verlichting van de symptomato-
logie van obstructie-icterus, v.b. anorexia, pruritus, abdominale pijn, vertaalde zich 
niet in een significant betere gezondheidsgerelateerde KvL. Vanuit dit perspectief 
lijken een vroege operatiestrategie en een strategie met preoperatieve galwegdrai-
nage bij patiënten met een pancreascarcinoom equivalent. Bovendien vonden wij dat 
patiënten zelf in grote meerderheid vroeg chirurgisch ingrijpen prefereren.

Het toepassen van gezondheidsgerelateerde KvL schalen in de klinische praktijk 
kan helpen bij het nauwkeuriger voorspellen van de prognose op het moment dat 
chirurgie voor het pancreascarcinoom overwogen wordt. Lage preoperatieve pancre-
asgerelateerde pijnscores kunnen bijvoorbeeld beslissend zijn voor het overgaan tot 
chirurgische behandeling. In aanvulling op prognostische variabelen kunnen KvL 
scores in het vroege postoperatieve beloop de individuele vooruitzichten helpen voor-
spellen. Verdere studies met grotere patiëntaantallen zijn nodig om deze nieuwe 
bevindingen extern te valideren en krachtiger predictiemodellen met meer KvL vari-
abelen te helpen ontwikkelen. 

Voor patiënten die een (partiële) resectie van het pancreas hebben ondergaan van-
wege de verdenking op een primaire, maligne pancreascyste is de lange termijn KvL 
uitstekend. Hoewel een behandelstrategie voor deze patiëntengroep met een lage 
drempel tot chirurgisch interveniëren a priori leidt tot een hoog aantal resecties voor 
benigne afwijkingen, zijn zorgen over een negatieve impact op lange termijn uitkom-
sten niet gegrond. De beslissing om over te gaan tot behandeling op het moment dat 
de medische indicatie tot chirurgische resectie is gesteld, is valide. 

Het doel van het meten van KvL in gerandomiseerde studies is het begeleiden 
van toekomstige besluitvorming. Niettemin is gesuggereerd dat, ondanks de toe-
nemende interesse in KvL studies, er een discrepantie bestaat tussen het meten van 
deze uitkomsten en de vertaling ervan in (verandering van) de klinische praktijk.15 

De volgende uitdaging is het hanteren van gezondheidsgerelateerde KvL en 
patiënt gerapporteerde uitkomsten in de dagelijkse chirurgische praktijk. Juist op het 
gebied van de oncologische pancreaschirurgie met de geassocieerde sombere over-
leving kunnen deze kwaliteitsuitkomsten prevaleren boven klinische uitkomsten 
zoals duur van overleving. Het gezamenlijk nemen van een dergelijke beslissing zal 
kunnen leiden tot de hoogste patiënttevredenheid met de behandeling.

In dit licht bezien willen we twee memorabele opinies van patiënten, zoals we 
ontmoet hebben gedurende de inclusietijd van de gerandomiseerde DROP-trial, kort 
toelichten. Na succesvolle stentplaatsing voor galwegdrainage weigerde een patiënte 
verdere chirurgische behandeling. De slechte prognose van pancreaskanker in ogen-
schouw genomen, ook na resectie, had zij de beslissing genomen geen verdere inter-
venties meer te willen ondergaan. Enkele maanden later overleed zij aan de gevolgen 
van gedissemineerde ziekte. Een andere patiënt was verwezen naar ons voor nadere 
diagnostiek naar zijn obstructie-icterus en eventuele trialinclusie. Aangezien hij vol-
deed aan de inclusiecriteria van de studie lootte hij voor preoperatieve galwegdrai-
nage. Echter, voordat stentplaatsing kon plaatsvinden onttrok hij zich aan verdere 
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behandeling. In zijn familie was het een gegeven te overlijden aan ‘geelzucht’ voor 
of op de leeftijd van 65 jaar. Daar hij reeds 71 jaar was waren de bonusjaren naar zijn 
mening reeds achter de rug en had hij gekozen voor geen verdere levensverlengende 
ingrepen. Enkele weken later overleed hij aan de gevolgen van leverfalen. 

EPICRISE

In dit proefschrift hebben we de resultaten gepresenteerd van ruim 5 jaar basaal en 
klinisch wetenschappelijk onderzoek op het gebied van de pancreaschirurgie. Tra-
ditioneel ingeslepen behandelingen of gewoonten zijn geëvalueerd, controverse is 
opgeheven, uitkomsten bezien vanuit het perspectief van zowel de behandelaar als 
de patiënt zijn onderzocht met als resultaat vele suggesties voor de klinische praktijk, 
alsook voor toekomstig onderzoek

Pancreas en periampullaire carcinomen zijn relatief zeldzame aandoeningen 
met een slechte prognose. Het chirurgisch behandelen van deze ziekte is beperkt tot 
een minderheid van de patiënten en zelfs dan is genezing uitzonderlijk. In de nabije 
toekomst lijken nieuwe moleculaire markers en ‘whole genome sequencing’ veelbe-
lovend. Deze kunnen mogelijk de oncologische context beter in beeld brengen en 
potentiële therapeutische targets verschaffen.16 Gezien het zeldzaam voorkomen van 
aandoeningen van het pancreas vindt behandeling en evaluatie bij voorkeur plaats 
binnen goed functionerende netwerken, zoals de recent opgerichte Dutch Pancrea-
tic Cancer Group (DPCG) en de Dutch Pancreatitis Study Group. Biobanking (v.b. 
AMC’s BIOPAN, Parelsnoerinitiatief) binnen deze netwerken verschaft de biologi-
sche substraten, die noodzakelijk zijn voor het stimuleren van nieuwe ontwikkelin-
gen op het gebied van multidisciplinair onderzoek.

Tot slot, het proces van chirurgische innovatie is even oud als de chirurgische 
praktijk zelf. Initiatieven tot evaluatie van het chirurgisch handelen binnen een 
gestandaardiseerd stappenplan zijn echter pas van zeer recente datum. Consciën-
tieus en kritisch toepassen van het IDEAL stappenplan van chirurgische innovatie 
en evaluatie is de sleutel tot het verbeteren van chirurgische zorg op een wijze dat 
interventies veiliger en beter worden. 
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Tabel 1 Antwoorden op de 17 studievragen in dit proefschrift.

Hoofdstuk vraag en Antwoord

2 wat is de historische en huidige stand van zaken rond preoperatieve 
galwegdrainage?
Het gebruik van galwegdrainage voor de primaire indicatie, de chirurgische uitkomst 
van de behandeling verbeteren, wordt niet ondersteund door evidence. Toch vindt de 
interventie overal plaats voor secundaire argumenten (logistiek, wachtlijst).

3 Hoe worden serumwaarden van FGF19 door extrahepatische cholestase 
beïnvloedt en wat zijn de aanpassingen in de lever?
In geval van extrahepatische cholestase toont de lever expressie van FGF19, die 
gepaard gaat met verscheidene aanpassingen gericht op het beschermen van de 
lever tegen galzouttoxiciteit. FGF19 zou hierin een rol kunnen spelen.

4 wat is het effect van preoperatieve galwegdrainage op stolling en fibrinolyse in 
geval van ernstige obstructieve cholestase?
Obstructieve cholestase is geassocieerd met een verhoogde stollingsneiging, 
ondanks een verminderde vitamine-K-afhankelijke stollingsfactorsynthese, echter 
vrijwel alle veranderingen kunnen door galwegdrainage teruggedraaid worden.

5 wat zijn de voordelen van preoperatieve galwegdrainage bij patiënten met 
obstructie-icterus door een pancreaskoptumor?
Routinematig verrichte galwegdrainage bij patiënten die geopereerd worden voor 
een tumor in de pancreaskop verhoogt het aantal complicaties.

6 Beïnvloedt noodzakelijk uitstel van de operatie door het verrichten van 
galwegdrainage de overleving?
Bij patiënten met een pancreascarcinoom heeft uitstel van de operatie door 
galwegdrainage voordeel noch nadeel wat betreft overleving.

7 wat is de incidentie, management en uitkomst van chyleuze ascites na 
pancreatoduodenectomie?
Volgens een nieuwe opgestelde definitie bedraagt de incidentie na 
pancreatoduodenectomie 9%. Door tijdige onderkenning kunnen adequate 
dieetmaatregelen de geassocieerde verlengde opnameduur beperken.

8 wat is voor complicaties van pancreaschirurgie de impact van ISGPS consensus 
definities en wat is de waarde van het classificatiesysteem?
Applicatie van de ISGPS definities geeft een stijging in de registratie, maar het 
classificatiesysteem geeft een transparant inzicht in ernst van de complicatie. Dit 
inzicht was tot dusver niet beschikbaar.

9 wat is de invloed van complicaties na pancreaschirurgie voor kanker op 
recidivering en survival?
Ernstige chirurgische complicaties zijn onafhankelijk geassocieerd met een 
verslechterde overleving na pancreatoduodenectomie voor pancreas- maar niet 
periampullair carcinoom. Het effect is nog dramatischer na een irradicale resectie. 

10 wat zijn bepalende overwegingen om over te gaan tot chirurgische behandeling 
van chronische pancreatitis en hoe verhoudt deze therapie zich tot endoscopie?
Type anatomische afwijkingen bepalen het type chirurgische procedure. Lang-
duriger pijnverlichting vergeleken met endoscopie en mogelijk uitstel van ontwikke-
len van pancreasinsufficiëntie zijn overwegingen om chirurgisch te interveniëren.
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Hoofdstuk vraag en Antwoord

11 wat zijn de lange termijn uitkomsten van op maat gesneden chirurgische 
behandeling van chronische pancreatitis?
Deze behandeling geeft uitstekende tot redelijke pijnverlichting. Hoge preoperatieve 
pijnscores, geïllustreerd door dagelijks opiaatgebruik en hoge aantallen eerdere 
endoscopische procedures, zijn geassocieerd met een slechtere uitkomst.

12 Hoe beïnvloedt chirurgie voor chronische pancreatitis de pancreasfunctie?
pancreasinsufficiëntie is frequent voorkomende en significante comorbiditeit na 
pancreaschirurgie. Heterogene studies verhinderen overtuigende conclusies of de 
insufficiëntie het gevolg is van chirurgie of voortschrijdende ziekte.

13 wat is de waarde van endoscopische ultrasonografie voor detectie van het 
pancreascarcinoom?
Endoscopische ultrasonografie als add-on test na een inconclusieve of negatieve CT 
geeft de hoogste stijging in diagnostische accuratesse. 

14 wat is de prognostische betekenis van extracapsulaire lymfklieruitbreiding bij 
patiënten met een adenocarcinoom van de papil van vater?
De aanwezigheid van extracapsulaire lymfklieruitbreiding identificeert een subgroep 
van patiënten met een significant slechtere overleving. Adjuvante therapie lijkt 
hiervoor geïndiceerd.

15 Is locatie van een gereserceerd extrahepatisch cholangiocarcinoom geassocieerd 
met overleving? 
Tumorlocalisatie is geen onafhankelijke voorspeller voor overleving. Een alternatief 
predictiemodel voorspelt overleving beter dan het conventionele TNM-model.

16 wat is de invloed van galwegdrainage voor het pancreascarcinoom op 
gezondheidsgerelateerde kwaliteit van leven (KvL)?
KvL in een strategie met galwegdrainage is niet beter of slechter dan directe 
chirurgie. De meerderheid van de patiënten prefereert echter zelf de laatste 
strategie. 

17 wat is de associatie tussen gezondheidsgerelateerde KvL en overleving na 
chirurgische behandeling voor een pancreascarcinoom? 
Preoperatieve en vroeg postoperatieve KvL scores waren, naast gevestigde klinische 
en pathologische variabelen, onafhankelijke prognostische factoren voor overleving. 
Deze informatie kan gebruikt worden voor meer accurate voorspellingen voor 
overleving na behandeling. 

18 wat zijn de gerapporteerde lange termijn KvL en medische uitkomsten na resectie 
van een cysteuze tumor van het pancreas? 
Lange termijn KvL is gelijk aan gezonde referenties, pancreasinsufficiëntie komt 
frequent voor maar heeft geen negatieve invloed op KvL. Deze excellente uitkomst 
rechtvaardigt chirurgische behandeling zodra de medische indicatie voor resectie 
van de tumor is vastgesteld.
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