
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Acute and chronic pancreatitis: epidemiology and clinical aspects

Spanier, B.W.M.

Publication date
2011
Document Version
Final published version

Link to publication

Citation for published version (APA):
Spanier, B. W. M. (2011). Acute and chronic pancreatitis: epidemiology and clinical aspects.
[Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/acute-and-chronic-pancreatitis-epidemiology-and-clinical-aspects(2b8cc25f-eb7d-4eed-91b0-4864dc32b469).html


Acute and Chronic 
Pancreatitis  
epidemiology and clinical aspects

marcel spanier



Stellingen

behorend bij het proefschrift

Acute and Chronic Pancreatitis
— Epidemiology and Clinical Aspects —

1 Het juist rapporteren van acute of chronische pancreatitis als ontslagdiag-
nose gaat nogal eens mis (hoofdstuk 2)

2 Het aantal ziekenhuisopnamen voor acute en chronische pancreatitis 
neemt in Nederland aanzienlijk toe en zal hoogstwaarschijnlijk blijven toen-
emen (hoofdstuk 3)

3 De Nederlandse incidentiecijfers van acute en chronische pancreatitis 
behoren tot de laagste in de westerse wereld (hoofdstuk 4)

4 Het adagium van pancreasrust als uitgangspunt van de voedingsbehandel-
ing bij acute pancreatitis moet waarschijnlijk worden herzien (hoofdstuk 5)

5 Bij patiënten opgenomen in Nederlandse ziekenhuizen met een acute pan-
creatitis is doorgaans de periode dat voeding wordt onthouden beperkt 
(hoofdstuk 6)

6 Terughoudendheid is geboden bij het aanvragen van een CT scan in de 
vroege fase van een eerste aanval van acute pancreatitis (hoofdstuk 7)

7 Het gebruik van medicijnen moet niet worden onderschat als potentiële 
oorzaak bij het ontstaan van een acute pancreatitis (hoofdstuk 8)

8 Gezien de historische ontwikkeling van MD- naar MDL-arts is de MDLA-arts 
de logische volgende 

9 Iedereen zou bij de geboorte een gebruiks- en onderhoudshandleiding 
moeten krijgen

10 De mens verandert meer van een halve liter jenever dan van honderddui-
zend jaar evolutie (midas dekkers)

11 A’j gezoond bint mankeer iej van allens, a’j kraank bint allenig gezoondheid

marcel spanier



Acute and Chronic Pancreatitis 



isbn 978-90-817036-0-4
nur 876

Coverdesign and Layout: 
Bottenheft , Marijenkampen/Arnhem

The publication of this thesis was fi nancially 
supported by Tramedico B.V.

The unrestricted research grant that was 
 received from Axcan Pharma Inc. is gratefully 
acknowledged. Part of the research described in 
this thesis was supported by the Dutch Society 
of Gastroenterology (Gastrostart funding)

Printed by JP Off set, Duiven

© 2011 Marcel Spanier, Arnhem

All rights reserved. No part of this thesis may 
be reproduced, stored in a database or retrieval 
system, or published, in any form or in any way, 
electronically, mechanically, by print, photo 
print, microfi lm or any other means without 
prior written permission from the author.



Acute and Chronic Pancreatitis

Epidemiology and Clinical Aspects 

academisch proefschrift

ter verkrijging van de graad van doctor
aan de Universiteit van Amsterdam
op gezag van de Rector Magnifi cus

prof. dr. d.c. van den boom

ten overstaan van een door het college 
voor promoties ingestelde commissie, 
in het openbaar te verdedigen in de Agnietenkapel
op vrijdag 14 oktober 2011, te 14:00 uur

door

bernhard werner marcel spanier

geboren te Hoogeveen



Promotiecommissie

Promotores
 prof. dr. p. fockens
 prof. dr. m.j. bruno

Co-promotor
 dr. m.g.w. dijkgraaf

Overige leden
 prof. dr. j.p. drenth
 prof. dr. h.g. gooszen
 prof. dr. d.j. gouma
 prof. dr. a.a.m. masclee
 dr. e.a.j. rauws
 dr. j.b. reitsma

Faculteit der Geneeskunde



‘Al sta je in Carré, al kom je op TV,
al win je in leven een Elfstedentocht of twee,

je bent pas werkelijk en wereldwijd beroemd,
als men een Fuchsia naar jou vernoemt.’

herman finkers (2007)





7

         table of contents

 Introduction and outline of the thesis     9

part i Epidemiological studies on acute and chronic pancreatitis     13

chapter 1 Epidemiology, aetiology and outcome of acute and chronic pancreatitis: 
An update     15

chapter 2 Source validation of pancreatitis-related hospital discharge diagnoses 
 notifi ed to a national registry in the Netherlands     39

chapter 3 Trends and forecasts of hospital admissions for acute and chronic 
 pancreatitis in the Netherlands     51

chapter 4 Incidence and mortality of acute and chronic pancreatitis in the Netherlands: 
a nationwide record-linked cohort study for the years 1995-2005     63

part ii Clinical aspects of acute pancreatitis     83

chapter 5 Enteral nutrition and acute pancreatitis: A review     85

chapter 6 Nutritional management in patients with acute pancreatitis: 
a Dutch observational multicenter study     105

chapter 7 Practice and yield of early CT scan in acute pancreatitis: 
a Dutch observational multicenter study     119

chapter 8 Acute pancreatitis and concomitant use of pancreatitis-associated 
 medication     133

 Summary     149
 Future perspectives     155
 Samenvatting     159
 List of publications     165
 Dankwoord     169
 Curriculum vitae     175





9

introduction

The Dutchman Reinier de Graaf was one of the fi rst to study the pancreas and its secre-
tions. In his disputation on the nature and use of the pancreatic juice (‘De Succo Pan-
creatico’,1664), he described a method of collecting pancreatic secretion by a temporary 
pancreatic fi stula constructed in a dog. In the centuries hereaft er, the pancreas has 
always been subject of both basic and clinical research. 

This thesis focuses on infl ammatory diseases of the pancreas: acute and chronic pan-
creatitis. Acute pancreatitis is defi ned as an acute infl ammatory process of the pancreas 
that frequently involves peripancreatic tissues and/or remote organ systems. Chronic 
pancreatitis is an infl ammatory process that leads to progressive and irreversible de-
struction of the pancreatic parenchyma. In the last decades the research on acute and 
chronic pancreatitis has greatly advanced our understanding of both, basic mechanisms 
of pancreatic (patho)physiology and the diagnosis and treatment of the diseases of the 
pancreas. This is not only the result of further development of biomedical research (e.g. 
molecular biology and genetics), but also the result of epidemiological studies and well 
designed, large scale randomized clinical trials. 

In this thesis two main topics regarding acute and chronic pancreatitis have been ad-
dressed:
I Epidemiological studies on acute and chronic pancreatitis
II Clinical aspects of acute pancreatitis 

For the epidemiological studies in the fi rst part of this thesis we used three distinct 
nation-wide Dutch (disease) registries in collaboration with the agencies Dutch Hospital 
Data (formerly named Prismant) and the Central Bureau of Statistics (Statistics Neth-
erlands). 

The research on the clinical aspects of acute pancreatitis in the second part of this 
thesis results from our collaboration with the Amsterdam Gastroenterological Associa-
tion (also known as the Amsterdam GUT-club). This association consists of gastroen-
terologists and gastrointestinal surgeons from 18 hospitals in the province of Northern 
Holland. At the end of 2002 the plan and design for an observational prospective mul-
ticenter cohort study regarding acute and chronic pancreatitis was lounged. Finally, in 
August 2003 all affi  liated 18 hospitals had been started to include acute and chronic 
pancreatitis patients in the so called ‘EARL study’ (referring to the Dutchman Reinier de 
Graaf, Graaf means Earl). EARL is an acronym for: Epidemiology of Acute and chRonic 
pancreatitis: genetics, clinical management and outcome anaLysis. Inclusion ended in 
May 2006 and in total 512 patients were entered in the study database. In this thesis 
several issues concerning the clinical management of acute pancreatitis are addressed. 
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Outline of the thesis

Part I - Epidemiological studies on acute and chronic pancreatitis
In recent years a number of large scale epidemiological studies have been published on 
acute pancreatitis and, to a much lesser extent, on chronic pancreatitis. Remarkably, 
epidemiological studies from the Netherlands for acute pancreatitis are scarce and this 
is even more the case for chronic pancreatitis. For a general update, we performed an 
extensive review focusing on recent developments in epidemiology, aetiology, natural 
course and outcome of both acute and chronic pancreatitis [chapter 1]. 

National and regional disease registries are oft en used for epidemiological studies on 
pancreatitis. The validity of these studies depends heavily on the quality of the registries 
as data sources. Therefore, it is important to ascertain the completeness and accuracy 
of such registry databases. However, validation analyses of these registries are scarce. 
We analyzed the reliability of source data registered in the National Information System 
on Hospital Care (NISHC) registry which is used to classify hospital admissions for both 
acute and chronic pancreatitis in the Netherlands [chapter 2]. 

The incidence of acute and, although less well established, chronic pancreatitis have 
increased in the Western countries. It is likely, that the number of hospital admissions 
has increased correspondingly. In conjunction to the results of our validation study, we 
described in a more reliably way the trends in hospital admissions in the Netherlands 
for acute and chronic pancreatitis in the period 1992 to 2004 using the NISHC registry 
[chapter 3]. Additionally, we explored future trends in hospital admissions explored up 
to 2010.

The incidence and mortality of acute pancreatitis in the Netherlands have been de-
scribed for the period 1985-1995. However, Dutch incidence and mortality rates are 
lacking for chronic pancreatitis. By following linkage of three distinct nation-wide Dutch 
(disease) registries, we analyzed the incidences of acute and chronic pancreatitis in the 
Netherlands for the period 2000-2005 as well as the mortality rates for the period 1995-
2005 [chapter 4]. Finally, data on incidence and mortality rates over time are reported 
for Dutch and international standard populations.

Part II - Clinical aspects of acute pancreatitis
As mentioned, recent basic and clinical research have greatly advanced our knowledge 
about acute pancreatitis. Nutritional management is one of the research topics of inter-
est. Usually, the initial treatment of acute pancreatitis consists of a nil per os regimen. 
The resumption of oral feeding depends on the improvement of, for example, abdominal 
pain and return of appetite. It is recommended to initiate artifi cial feeding, preferably 
by the enteral route, in those patients who cannot tolerate normal food within several 
days. To date there is substantial evidence that enteral feeding is superior to total pa-
rental nutrition. We reviewed the latest literature concerning several aspects of enteral 
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nutrition in acute pancreatitis [chapter 5]. A related issue of nutritional management in 
daily clinical practice is the adherence to the latest guidelines. Therefore, we analyzed 
the nutritional management in a Dutch cohort of patients with an established clinical 
diagnosis of acute and acute (recurrent) pancreatitis (EARL study) [chapter 6]. 

The diagnosis of acute pancreatitis is usually based on compatible clinical features 
and elevations in serum amylase and/or lipase greater than three times the upper limit 
of normal. If in doubt, the diagnosis of acute pancreatitis is best evaluated by a contrast-
enhanced CT scan. A CT in the early course of acute pancreatitis may also be indicated 
to exclude alternative diagnoses or to demonstrate the development of early (peri)pan-
creatic necrosis. In clinical practice, there is oft en a debate if an early CT is really indi-
cated. For this reason, we evaluated the practice and yield (alternative diagnosis and/
or the development of early pancreatic necrosis) of CT scans acquired within 4 full days 
aft er symptom onset in our Dutch cohort of acute pancreatitis patients [chapter 7]. 

The two most common etiological factors of acute pancreatitis are gallstones (in-
cluding small gallstones and/or microlithiasis) and alcohol abuse. Drugs are considered 
a relatively rare cause of acute pancreatitis with no unique clinical features that dis-
tinguishes it from acute pancreatitis due to other causes. Lately, several drug classifi -
cation systems of drug-induced pancreatitis have been published. We describe in our 
observational cohort the use and discontinuation of pancreatitis-associated drugs at 
hospital admittance and discharge according to a recent evidence-based drug-induced 
pancreatitis classifi cation system [chapter 8]. 
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1
Abstract

Over the past decades several epidemiological studies have been published reporting 
on incidence trends, hospital admissions, etiological factors and outcome of both acute 
and chronic pancreatitis. Over time, the incidence of acute pancreatitis has increased 
in the Western countries. Also, the number of hospital admissions for both acute and 
chronic pancreatitis have increased. These upward time trends possibly refl ect a change 
in the prevalence of main etiological factors (e.g. gallstones and alcohol consumption) 
and cofactors such as obesity and genetic susceptibility. Acute and chronic pancrea-
titis are associated with signifi cant morbidity and mortality and a substantial use of 
health care resources. Although the case-fatality rate of acute pancreatitis decreased 
over time, the overall population mortality did not change for both acute and chronic 
pancreatitis.

This chapter will focus on recent developments in the epidemiology, aetiology, natu-
ral course and outcome of both, acute and chronic pancreatitis.
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Acute pancreatitis

According to the Atlanta Symposium held in 1992, acute pancreatitis is defi ned as an 
acute infl ammatory process of the pancreas that frequently involves peripancreatic tis-
sues and/or remote organ systems.1 The disease spectrum of acute pancreatitis ranges 
from mild and self limiting disease (80%) to a rapidly progressive fulminant illness with 
morbidity rates up to 33-54%.2, 3 The Atlanta criteria for severity include organ fail-
ure (particular pulmonary insuffi  ciency, renal failure, shock) and/or local complications 
 (necrosis, abscess, pseudocyst).1 The clinical course of an attack of acute pancreatitis 
varies from a short period of hospitalization with supportive care (analgesic treatment, 
fl uid resuscitation, and nutritional management) to prolonged hospitalization with ad-
mittance to an Intensive Care Unit for the management of multi organ failure, systemic 
infl ammatory response syndrome and septic complications.

Epidemiology

Over the last decades a plethora of epidemiological studies has been published, report-
ing on incidence trends, hospital admissions and outcome of acute pancreatitis4  Several 
large-scale, population-based cohort studies were published in recent years. The ad-
vantage of these population-based studies over single-center studies is the minimi-
zation of selection bias. Single-center case series, especially those from tertiary or refer-
ral centers, run the potential risk of including more complicated and sicker patients. In 
population-based studies, large databases are used, including national or regional hos-
pital discharge registries or administrative databases.5 Obviously, from the standpoint of 
validity it is important that the completeness and accuracy of the information contained 
in these databases are verifi ed. Remarkably though, few studies have addressed the is-
sue of data validity of these large scale databases.6-10 In one series it was shown that the 
positive predictive value for an acute pancreatitis discharge code from a nationwide dis-
ease discharge registry in the Netherlands was 82%.6 Thus, the use of such databases 
without a sample case review may considerably overestimate actual incidence rates.

First attack of acute pancreatitis
Large-scale cohort studies indicate increasing incidences of fi rst attacks of acute pan-
creatitis in many Western countries, independent of geographical location.4 [Table 1] 
summarizes the latest (since the year 2000) published population-based studies.6, 7,  11-16 
Although the study methodologies are somewhat heterogeneous, the data suggest 
that the incidence of a fi rst attack of acute pancreatitis is relatively low in England (10 
per 100.000), higher in the Netherlands, Germany and Norway (16-20 per 100.000) and 
considerably higher in the other Scandinavian countries (Sweden and Finland) and the 
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United States of America (32-44 per 100.000). The diff erence in incidence rates between 
these geographical locations is not clearly understood, but presumably refl ects diff er-
ences in risk factor prevalence. The diff erences in incidence rates in former studies were 
explained by a greater alcohol use in the Scandinavian countries.4 This explanation is 
now under debate. In the latest Swedish study, the incidence of alcoholic pancreatitis 
decreased and the proportion of alcoholic pancreatitis is comparable with the other 
recent published studies.16 Furthermore, in the USA the proportional increase of the in-
cidence was smallest among cases with alcoholic pancreatitis.16 However, in that study 
the standardized incidence rate of alcoholic pancreatitis was probably underestimated, 
because the Veterans and military hospitals were not included. Other explanations 

Table 1 Summary of published population-based studies reporting on incidence and mortality of fi rst 
acute pancreatitis since the year 2000

First author, 
Publication Year

Study 
Period

Country/Region Incidence
per 100.000/
year

Aetiology (%)*
B:A:I

Case Fatality 
(%)

Eland6† (2000) 1985-1995 Netherlands 12.4 (1985)
15.9 (1995)

Not given 14.3 (1985)
10.7 (1995)

Birgisson11 (2002) 1998-1999 Iceland,
Reykjavik

32.3 42:32:2 4

Floyd7† (2002) 1981-2000 Denmark, North 
Jutland

 17.1  18 
(1981)

 37.8  27.1 
(2000)

Not given 9.2 (1981)
6.7 (2000)

Lankisch15 (2002) 1988-1995 Germany,
Luneburg

19.7 40:32:20 7

Gislason13 (2004) 1986-1995 Norway, Bergen 20 49:19:12 3

Goldacre14‡ (2004) 1963-1998 UK, Southern 
England

4.9 (1963-74)
7.7 (1975-86)
9.8 (1987-98)

Not given 14.2 (1963-74)
7.6 (1975-86)
6.7 (1987-98)

Linkvist16§ (2004) 1985-1999 Sweden, Malmö ˜ 22 (1985)
˜ 37 (1999)

42:25:33 5.7

Frey12‡ (2006) 1994-2001 USA, California 33.2 (1994)
43.8 (2001)

33:20:37 4.2

* Rounded % of causes (biliary, alcohol, idiopathic), miscellaneous causes not included
† incidence per person-years
‡ age-standardized incidence rates
§ age- and sex-standardized incidence rates, idiopathic cases combined with other causes
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could include diff erences in the individual genetic susceptibility to develop an attack of 
pancreatitis, diff erences in the use of classifi cation criteria for the diagnosis, and vari-
ability in the completeness and accuracy of the source databases.

The incidence of a fi rst attack of acute pancreatitis is increasing and this trend is 
observed worldwide. Also, all studies show increasing numbers of gallstone-related 
pancreatitis over time.4 One may speculate that an increase in the incidence of  obesity, 
which is a well-known risk factor for gallstones, (partly) explains this trend.16-20 In this 
respect, ageing of the population also plays a prominent role. The incidence of gall-
stones rises with age and all studies report that the incidence of acute pancreatitis 
increases with age. Another possible contributing factor is that serum amylase/lipase 
values are tested more routinely and mild non-signifi cant elevations may result in an 
‘over’ diagnosis of acute pancreatitis. Finally, part of the increase could be accounted for 
by the introduction of endoscopic retrograde cholangiopancreatography (ERCP) in the 
last two and a half decades with resulting cases of post-ERCP pancreatitis. Numerically 
however, post-ERCP pancreatitis accounts for only a small proportion of all acute pan-
creatitis cases. Furthermore, in the last decade the total number of ERCPs has actually 
decreased because diagnostic ERCP has become virtually obsolete by the introduction 
of magnetic resonance cholangiopancreatography (MRCP).

Hospital admissions for acute pancreatitis
Beside the rising incidence of a fi rst attack of acute pancreatitis there is also a coin-
cidental increase of the hospitalization rate for acute pancreatitis.17, 21-24 The reported 
annual incidence rates of hospital admissions include both admissions for a fi rst and 
recurrent attacks of acute pancreatitis. In England, the age-standardized hospital ad-
mission rate for acute pancreatitis increased in the period 1989/90 to 1999/2000 from 
14.5 to 20.7 per 100.000 inhabitants (43% increase).24 Another study from England con-
fi rms this upward trend. In this study hospital admissions for acute pancreatitis also 
increased in the period 1997/1998 to 2003/2004 with non-standardized admissions 
rising from 30 to 39 per 100.000 inhabitants (30% increase).21 In Finland, the annual 
incidence of acute pancreatitis discharges increased between 1987 to 2001 from 68 to 
102 per 100.000 inhabitants (50% increase).22 In the Netherlands, the number of primary 
acute pancreatitis admissions also rose substantially between 1992 to 2004 by 75%.23 
The age- and sex-standardized annual incidence rates increased from 12.3 to 18.5 per 
100.000 person-years representing an increase of 50% in this twelve year time period 
(submitted). It is forecasted that in the Netherlands this trend will most likely continue 
for the near future. Finally, a nationwide retrospective hospital-based study in the USA 
reported an increase in the hospital admissions rate between 1988 to 2003 from 40 to 
70 per 100.000 inhabitants (75% increase).17 In 2002, acute pancreatitis was the third 
most common gastrointestinal discharge diagnosis in the USA.25 Hospitalization rates 
in Finland and in the USA are amongst the highest in the Western world. This is in 
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accordance with the above mentioned highest incidence of a fi rst acute pancreatitis 
 attack in the same geographical locations. Possible explanations for the trend towards 
an increase of hospitalizations for acute pancreatitis are identical as discussed in the 
previous paragraph. The numbers might be skewed if patients are re-admitted aft er 
they had an attack of acute pancreatitis and are labeled as as ‘ap’ while in fact they have 
a complition such as a pseudocyst.

Also patients may be readmitted for a pancreatitis recurrence because the etiologi-
cal factor was not eliminated or treated, which may have been prevented by adequate 
treatment. For example, the increase in gallstone related pancreatitis has not been fol-
lowed by an increase in the incidence of cholecystectomies in Scandinavian countries.16, 

26 Furthermore, in California (USA) only 43% of patients admitted with a gallstone relat-
ed pancreatitis underwent a cholecystectomy during the same hospitalization.12 Which 
proportion of patients had a cholecystectomy later was not part of the study. However, 
it seems very likely that a substantial proportion of patients with a proper indication 
ultimately does not undergo a cholecystectomy.

It can be anticipated that a continuing increase of hospitalizations for acute pan-
creatitis will have important consequences for the allocation of national health care 
resources. For example, in the USA the number of patients requiring hospitalization for 
acute pancreatitis in 2003 was 2.5 times larger than the United States government had 
estimated.17 Health care costs associated with this disease will increase accordingly.

Age, sex and racial distribution
All recent large scale population-based studies report, irrespective of the aetiology, an 
increase in the incidence of a fi rst attack of acute pancreatitis with increasing age.6, 7, 

11-16 Accordingly, hospital admissions rates for acute pancreatitis increase with age.17, 

24 The median age of a fi rst attack of acute pancreatitis is in the sixth decade of life in 
most studies. With an ageing population in most Western countries, it is therefore likely 
that the incidence of acute pancreatitis will increase even more. The proportion of men 
with a fi rst attack of acute pancreatitis in most studies is higher than that of women.6, 

11, 13-16 Accordingly, the hospitalization rate is higher for men. However, it appears that 
over time the proportion of women is rising.24 This is in accordance with our own data 
regarding the trends in hospital admissions in the Netherlands between 1992 to 2004 
(submitted).

Two recent studies from the USA addressed the relationship between ethnicity on 
the one hand and hospital admissions for acute pancreatitis and incidence rates of a 
fi rst acute pancreatitis attack on the other hand.12, 17 One study identifi ed, for the fi rst 
time in a large scale nationwide study, a racial diff erence in the number of hospital ad-
missions.17 Overall, the hospitalization rate for black people in the USA between 1988 to 
2003 more than doubled compared to the rate for whites. Interestingly, over time the 
hospitalization rate for blacks remained steady, but a signifi cant upward trend was ob-

epidemiology of acute and chronic pancreatitis
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served for whites. This study did not investigate etiological racial diff erences and incorp-
orated a potential source of bias because recurrent attacks in the same patient were 
not accounted for. A second study was carried out in the state of California (USA) with 
an ethnically diverse population.12 This study also showed a signifi cant diff erence in the 
racial incidence rates of acute pancreatitis and, importantly, the underlying aetiology and 
its relative frequency was addressed with some interesting outcomes. Blacks (African 
Americans) had the highest age- and sex-standardized incidence rate for acute pan-
creatitis. Moreover, Blacks had a much higher standardized incidence rate of alcoholic 
pancreatitis compared to whites. This suggests a greater prevalence of alcohol abuse or 
greater predisposition to the toxic eff ect of alcohol among blacks. Interestingly, Blacks 
also had the highest standardized incidence rate of idiopathic pancreatitis. Asians had 
a very low standardized incidence rate of alcoholic pancreatitis, and Hispanics had the 
highest incidence rate of biliary pancreatitis. In California, African Americans had a 
much higher incidence rate of alcoholic pancreatitis.

Recurrent acute pancreatitis
The term recurrent pancreatitis is used to indicate recurrent attacks of acute pancre-
atitis in an otherwise (between attacks) normal pancreas. However, to conclude that 
the pancreas is truly normal between attacks with no evidence of chronic pancreatitis 
can be very diffi  cult. More in particular, it is a challenge to accurately establish the diag-
nosis of so-called early chronic pancreatitis before the development of frank morpho-
logic changes and before the development of exocrine or endocrine insuffi  ciency. It is 
therefore almost impossible to discriminate patients with acute attacks during the early 
stage of chronic pancreatitis from those with multiple episodes of acute pancreatitis. In 
this respect, pancreatic function testing (intubation studies) and ultrasonography have 
been proposed as tests with some discriminatory potential.

In spite of many published case reports and some single center series, only a few 
population-based epidemiological studies regarding recurrent acute pancreatitis are 
available.27-29 Eland et al reported that 10.9% of patients with a fi rst attack of acute pan-
creatitis developed a relapse within a fi ve years time period and 6.4% of patients with 
a fi rst attack progressed to chronic pancreatitis.6 Etiological factors were not specifi ed.

The largest published multi-center study to date included 1068 patients with acute 
pancreatitis from fi ve diff erent European countries and demonstrated a recurrence 
rate of 27% with alcohol being the most important etiological factor followed by gall-
stones (25%).30 The authors concluded that the observed percentage of recurrent acute 
pancrea titis is lower compared to reports from the seventies (percentages from 30% to 
60%). This downward trend is consistent with the fi ndings in a systemic review on the 
epidemiology of acute pancreatitis.4 The reported proportion of recurrent acute pan-
creatitis of 31% in studies performed until the mid-eighties dropped to 14.4% in the 
population-based studies published in the last two decades. The reasons for this fi nding 
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are unclear, but may refl ect diff erences in study design and/or diff erences in diagnosis. 
Generally, alcohol is the most frequent cause, followed by gallstones.30-33

Aetiology of acute pancreatitis

The two most common etiological factors of acute pancreatitis are gallstones (including 
small gallstones and/or microlithiasis) and alcohol abuse.3, 34-37 Together, they represent 
more than 80% of cases. However, the actual risk of developing acute pancreatitis for 
persons exposed to these etiological factors is fairly low. In Germany, over a 20-30 year 
period, the risk of developing a gallstone related pancreatitis in patients with asymp-
tomatic gallstones is estimated unlikely to be higher than 2%.38 In addition, the inci-
dence of gallstone related pancreatitis is highest among patients with small gallstones. 
The estimated annual risk of small gallstone carriers to develop pancreatitis is 0.05-
0.2%.39 Similarly, only a minority of subjects who abuse alcohol develop pancreatitis. 
Lankisch and co-workers suggested that the risk of developing alcoholic pancreatitis in 
heavy alcoholic (>60 g/d for 20-30 years) is only 2% to 3%.40 In a recent study among 
male veterans in a detoxifi cation program (high risk population of heavy drinkers) the 
estimated prevalence of pancreatitis (69% acute pancreatitis) is at least three percent, 
and the true prevalence could be four to fi ve percent depending on the criteria used to 
diagnose acute and chronic pancreatitis.41

Once gallstones or alcohol misuse have been excluded, the search for other etiologic 
factors begins. Other causes of acute pancreatitis include structural abnormalities like 
pancreas divisum, neoplasms, metabolic disorders, drugs, trauma, iatrogenic causes  (e.g. 
post-ERCP pancreatitis), infections, vascular disorders (ischemia), genetic causes (e.g. 
trypsinogen mutations), and lastly a remaining group of cases which cannot be classi-
fi ed and is referred to as idiopathic pancreatitis [table 2].34, 37

In the recently published AGA Institute medical position statement on acute pancre-
atitis it is mentioned that it should be possible to establish the etiologic cause of acute 
pancreatitis in at least three fourths of patients.42 Recent population-based studies 
show a considerable variation in the percentage of patients with a fi rst attack of acute 
pancreatitis with unknown etiologic causes between 2-37% [table 1].6, 7, 11-16 It remains 
important to exclude common aetiologies by history, laboratory studies and imaging 
tests.37 Extensive or invasive (e.g. ERCP, endoscopic ultrasound (EUS)) evaluation is not 
recommended in those patients with a single episode of unexplained pancreatitis who 
are below 40 years of age.42

Several of the latest population-based studies addressed the incidence rates of vari-
ous aetiologies of pancreatitis.11-13, 15, 16 Frey and co-workers compared the incidence rate 
of the three major etiologic subtypes of pancreatitis, namely, gallstone related, alco-
holic and idiopathic pancreatitis and plotted them by age.12 Both gallstone related and 
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idiopathic pancreatitis increased dramatically with age and was highest among people 
older than 75 years. The incidence rate of alcoholic pancreatitis reached its maximum 
among patients of either sex in the age group 35 to 44 years. During the subsequent 
decades the incidence rate declined rapidly. This is largely in accordance with the results 
of Lankisch and coworkers who reported a peak incidence of alcoholic pancreatitis in 
the age groups 35 to 44 years for men and 25 to 34 for women.15

In a recent systematic review on the epidemiology of acute pancreatitis, the incidence 
rates of a fi rst attack of acute pancreatitis by aetiology and sex shows a same pattern 
across the various studies.4 Gallstone related pancreatitis is more common in women 
(especially aft er the age of 65 years), alcoholic pancreatitis is more common in middle 
aged man and the incidence of idiopathic pancreatitis is somewhat similar in both sexes.

Outcome and case-fatality of acute pancreatitis

Overall, about 15% to 20% of patients with an acute pancreatitis progress to a severe 
illness with a prolonged disease course.3, 34 These severely ill patients may develop organ 
failure and/or local complications such as pancreatic necrosis. In patients with necrotiz-
ing pancreatitis the mortality is close to 17%, with a mortality of 12% in the case of 
sterile necrosis and up to 30% in infected necrosis.2 Death within the fi rst two weeks is 
generally attributable to organ failure. Later in the course of the disease it is mainly due 
to (infected) necrosis.2

The reported case-fatality rate of a fi rst attack of acute pancreatitis in the latest pop-
ulation-based studies varies between 3% to 10.7% [table 1]. Some of the studies report 
a progressive decline over time, together with a leveling of the case-fatality in the last 
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Table 2 Etiological factors of acute pancreatitis

Biliary (eg, gallstones, microlithiasis)
Alcohol
Anatomic variants (e.g. pancreas divisum, choledochal cyst)
Ampullary or ductal obstructions (eg, SOD, tumors, stricture, stones, mucus)
Metabolic (eg, hypercalcemia, hypertriglyceridemia)
Drugs
Toxins
Trauma
Ischemia
Hypothermia
Infections (eg, viral, bacterial, parasites)
Autoimmune
Genetic (familial, sporadic)
Idiopathic
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decade.6, 7, 14 A recent systematic review concerning the epidemiology of a fi rst attack of 
acute pancreatitis observed a downward trend of the case-fatality rate in the last three 
decades (from up to 20% to less than 10%).4 Tinto and co-workers reported in their 
recent study of hospital admissions in England a signifi cant decline of the in-hospital 
case-fatality rate for acute pancreatitis.24 The case-fatality rate declined in 1989/1990 
from 6.5% for men and 5.0% for women to approximately 4% in 1999/2000 for both 
men and women (37% and 19% decrease respectively). Recently, Frey and co-workers 
reported an unchanged 14- or 91 day case-fatality rate between 1994 to 2001.12 They 
suggest that in the last decade the eff ects of an improved management of early and late 
multi organ failure have leveled-off .

An interesting fi nding in several studies is that the overall annual population mortal-
ity rate per 100.000 has remained unchanged.4, 6, 24 It is important to keep in mind that 
the case-fatality is the proportion of aff ected cases and that population mortality is a 
rate per 100.000 inhabitants. Due to the detection of milder cases within a population, 
the case-fatality will decrease but the population mortality not.

Several epidemiological studies report an increase in case-fatality and mortality with 
increasing age.6, 7, 12, 14 For example, the thirty day case-fatality rate in patients younger 
than 40 years was 2.1% as compared to 11.8% in those older than 60 years and even up 
to 18.9% in those older than 75 years.7, 14 Eland and co-workers reported a very low mor-
tality in children and young adults, but an increased mortality aft er 30 years of age to 
14.4 per 100.000 person-years in those older than 85 years.6 Also, Frey and co-workers 
reported that advancing age has a major eff ect on early survival.12 The odds ratio of 
death within the fi rst two weeks aft er admission for patients older than 75 years was 
more than 15 fold relative to patients 35 years or younger (mortality rates 5.3 and 0.3 
respectively). It is likely that elderly patients are dying more oft en because of the pres-
ence of signifi cant co-morbidity.7, 12, 35, 43

Only one recent study compared the mortality rates from diff erent aetiologies.12 The 
91-day case-fatality rates were not signifi cantly diff erent between gallstone associ-
ated pancreatitis (3.7%) and alcoholic pancreatitis (3.2%), but were signifi cantly lower 
compared to idiopathic pancreatitis (5.1%). The fact that alcoholic pancreatitis is more 
 frequent at a younger age could be a possible explanation for the lower case-fatality 
rate. However, aft er adjusting for age, race and sex, alcoholic pancreatitis was associated 
with a signifi cantly higher increase in the odds of dying within 91 days compared with 
idiopathic and gallstone associated pancreatitis (20% and 90% higher odds respectively).

Finally, the mortality rates of recurrent acute pancreatitis are lower than the mor-
tality rates following a fi rst attack of acute pancreatitis.4, 6, 11, 30 For example, Eland and 
co-workers reported in their population based study a case-fatality rate for relapses 
of 3.2% and this rate was signifi cantly lower than the rate of 10.7% for fi rst attacks of 
acute pancreatitis.6 Gullo and co-workers performed a multi-center study and observed 
a lower overall mortality among patients with a recurrent attack than among patients 
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with a single attack (5.9% and 8.5%, respectively). If patients with a recurrent attack 
died, this most oft en occurred during the second attack (82.4%). The mortality rates 
varied from 4.3% for patients with a recurrent attack of alcoholic pancreatitis and 10.0% 
for idiopathic recurrent pancreatitis.

Chronic pancreatitis

Chronic pancreatitis is an infl ammatory process that leads to the progressive and irre-
versible destruction of exocrine and endocrine glandular pancreatic parenchyma which 
is substituted by fi brotic tissue, with alcohol abuse being the major etiological factor. As 
a result, a series of morphologic and functional alterations can be detected which are 
responsible for several symptoms.44-47 From the onset through to the most advanced 
phase the pancreas undergoes various degrees of transformation and this process can 
be separated into four diff erent stages.45 At fi rst, there is a pre-clinical stage with ab-
sent or uncharacteristic symptoms followed by a second stage with recurrent acute 
episodes of pancreatitis without defi nite signs of chronic pancreatitis. The third or late 
stage is characterized by further recurrent episodes with intermittent or constant pain 
in-between and signs of chronic pancreatitis such as duct dilatation and pancreatic 
calcifi cation on imaging. The exocrine function of the pancreas decreases. In the fourth 
and fi nal stage acute fl ares are oft en absent and the frequency and intensity of pain may 
have diminished. At this stage, the majority of patients have developed both exo- and 
endocrine insuffi  ciency with resulting maldigestion and diabetes, respectively. Individu-
al patients do not necessarily follow this general scheme step by step. In some patients 
distinct stages are skipped and some may even present at a very advanced but painless 
stage with maldigestion, steatorrhea and/or diabetes.

Epidemiology

Data regarding the epidemiology of chronic pancreatitis has been less oft en report-
ed than acute pancreatitis. One important reason is probably that acute pancreatitis 
is more common and accounts for the major proportion of morbidity and mortality 
among pancreatic diseases. Another explanation may be that the diagnosis of chronic 
pancreatitis, especially the early stages, is more diffi  cult to establish.48-51 At present 
there is no test that has been shown to reliable diagnose early chronic pancreatitis.48 
For many years, pancreatologists have struggled to achieve a manageable classifi cation 
of chronic pancreatitis. In the last fi ve decades more than ten diff erent and adjusted 
classifi cation systems of chronic pancreatitis have been proposed to provide a basis for 
diagnosis, treatment and research.44, 48, 52 Most classifi cation systems combine clinical, 
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imaging and functional criteria for the diagnosis of chronic pancreatitis. Each of them 
refl ect the scientifi c knowledge available at a given point in time. As a consequence, one 
must realize that it may be inappropriate to compare results of epidemiological stud-
ies, especially if they were performed years apart using diff erent classifi cation systems. 
Furthermore, chronic pancreatitis may be misdiagnosed as acute pancreatitis and vice 
versa. For example, recurrent attacks of acute pancreatitis may be classifi ed as chronic 
pancreatitis in absence of true signs of chronic pancreatitis. Thus, a rational, acceptable 
and workable classifi cation system for chronic pancreatitis would greatly improve the 
quality of future (clinical) research in chronic pancreatitis.

Incidence and prevalence of chronic pancreatitis
Recent large population-based epidemiological studies concerning chronic pancreatitis 
are strikingly scarce and time trends of incidence rates are lacking. Dite and co-workers 
reported an incidence rate of 7.9 per 100.000 inhabitants per year in South and Cen-
tral Moravia in the Czeck Republic (1.300.000 inhabitants).53 They conclude that their 
observed incidence rate was similar to the reported incidence rates during the 1980s 
and 1990s in Denmark (8.7) and Germany (7.0), but higher than that of Switzerland (1.6) 
and Poland (4.0). In 2002, Lankisch and co-workers published their results of an epi-
demiological survey in a well defi ned population in Northern Germany (approximately 
150.000 inhabitants).15 The observed crude incidence rate for chronic pancreatitis was 
6.4 per 100.000 inhabitants per year in the period from 1988 to 1995. A time trend 
is not mentioned. In France, in 2003 a nationwide prospective survey was performed 
among  gastroenterologists to assess the incidence and prevalence rates of patients 
with chronic pancreatitis.54 Almost a quarter of all gastroenterologists participated. The 
crude incidence was estimated between 5.86 and 7.74 per 100.000 inhabitants. The 
crude prevalence of chronic pancreatitis was estimated at 26.4 per 100.000 inhabitants.

In summary, although relatively scarce, the available data point to an incidence of 
chronic pancreatitis in the European and probably all Western countries of approximately 
6.0 per 100.000 inhabitants.

Hospital admissions for chronic pancreatitis
Hospitalization of patients with chronic pancreatitis is required in case of acute fl ares, 
emaciation due to maldigestion, treatment of complications such as pseudocysts, and 
to manage severe chronic pain (e.g., opiod medication, pancreaticojejunostomy). In Eng-
land, the age-standardized hospital admission rate for chronic pancreatitis doubled in 
the period 1989/90 to 1999/2000 from 4.3 to 8.6 per 100.000 inhabitants.24 In contrast, 
the percentage of admissions leading to an operation decreased signifi cantly (22%) dur-
ing this period. It should be noted that day care admissions and endoscopic procedures 
were excluded in this study. It is conceivable that the proportion of chronic pancreati-
tis patients treated endoscopically increased, thereby avoiding operations. This upward 
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trend in the number of hospital admissions for chronic pancreatitis coincides with our 
own observations in the Netherlands. From 1992 to 2004 the number of primary chronic 
pancreatitis admissions increased substantially by 75.4% (from 790 to 1386).23 The over-
all annual incidence of chronic pancreatitis admissions rose from 5.2 to 8.5 per 100.000 
person-years. The underlying aetiologies were not accounted for in this retrospective 
study. Both studies conclude that the upward trends will most likely continue for the 
near future.

It has been proposed that the frequency of chronic pancreatitis is correlated to the 
amount of alcohol consumption in a population.55, 56 For example, in England and Wales 
the per capita alcohol consumption correlates strongly with the numbers of discharges 
of chronic pancreatitis patients six years later.56 From these data it is suggested that epi-
demiological trends in chronic pancreatitis might be predictable from population based 
statistics of alcohol consumption. However, in the Netherlands, despite the signifi cant 
increase in hospital admissions for chronic pancreatitis there has only been a minimal 
change in alcohol consumption.57

Another explanation for the observed increase in hospital admissions is that the 
diagnosis of chronic pancreatitis is established more oft en, especially in an earlier stage 
of the disease, following a higher awareness among gastroenterologists in combina-
tion with more sophisticated imaging techniques (e.g. EUS, MRCP).51 However, there is a 
defi nite risk to ‘overdiagnose’ chronic pancreatitis when the diagnosis is solely based on 
EUS criteria. The number of EUS criteria needed to make a defi nitive diagnosis is debated 
and interobserver agreement of EUS features of chronic pancreatitis is poor to medio-
cre.49 Therefore, it is advisable to base the diagnosis of chronic pancreatitis on a com-
bination of a compatible clinical history and morphological and/or functional changes.

Age, sex and racial distribution
In contrast to the epidemiology of acute pancreatitis the incidence rates and hospi-
tal admissions for chronic pancreatitis do not seem to rise with increasing age.15, 24, 54 
 Generally, the peak incidence for men and women is between the fourth and sixth de-
cade of life. In almost all age groups there is a male predominance. In the Czech Repub-
lic, the average age of patients with chronic pancreatitis was 45.3 years.53 The median 
age among men and women was approximately the same. The aetiology was alcoholic 
in 70% of cases and men outweighed women by far (88.2%). Lankisch and co-workers 
described a peak incidence in men between 45 to 54 years and a small peak incidence 
in women between 35 to 44 years.15 When only alcoholic aetiology was considered, the 
observed peak incidence for men and women did not change. Also Levy and co-workers 
observed an overall peak incidence of patients with proven or suspected chronic pan-
creatitis aged between 45 to 49 years.54 Again, most patients were men (83.5%). The 
estimated crude incidence was minimal 9.79 and maximal 12.85 per 100.000 inhabitants 
in men and varied between 1.93 to 2.63 in women. In England and Wales, the hospital 
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admissions for chronic pancreatitis peaked in the age groups between 35 to 54 years.24 
The age-standardized admission rates were consistently higher in men, except for the 
very old (85 years and beyond). In the period between 1989/90 to 1999/2000, the ad-
mission rates increased in all age groups, especially amongst those aged between 35-54 
years. The increase was more pronounced amongst men. In contrast, in the Nether-
lands, the sex-standardized admission rates per 100.000 person-years increased from 
7.2 to 11.4 for men (58.3% increase) and from 3.3 to 5.7 for women (72.7% increase) 
between 1992 to 2004 (submitted).

Finally, one multi-center study (three hospitals from two diff erent countries) exam-
ined the impact of ethnicity as a risk factor for the development of chronic pancreati-
tis.58 The racial status of 1883 patients discharged with a fi rst-listed diagnosis of chronic 
pancreatitis and alcoholic cirrhosis were compared. In comparison to white patients, 
black patients were two to three times more likely to be hospitalized for chronic pancre-
atitis than for alcoholic cirrhosis. This highly signifi cant diff erence was observed in both 
men and women. The reason is unclear, but could be related to racial diff erences in diet, 
type or amount of alcohol consumption, smoking, or the (genetically determined) ability 
to detoxify substances harmful to the liver or pancreas.

Aetiology of chronic pancreatitis

In the last few decades the aetiology of chronic pancreatitis was divided into three cat-
egories: alcohol, idiopathic and ‘other’. In the Western countries alcohol abuse is the ma-
jor cause of chronic pancreatitis accounting for approximately 70%-80% of all cases.35, 

45, 46, 59, 60 About 20% of cases is considered to relate to idiopathic pancreatitis, while the 
remaining 10% is categorized as ‘other’. This latter category included cases associated 
with hyperparathyroidism, hypertriglyceridemia, duct obstruction, trauma, pancreas 
divisum, autoimmune pancreatitis and hereditary pancreatitis. Due to advancements 
in the scientifi c knowledge about the etiopathogenesis of chronic pancreatitis a new 
classifi cation system was proposed in 2001.44 According to this TIGAR-O classifi cation 
system, the risk factors for chronic pancreatitis are divided into six major categories 
including: toxic-metabolic (T), idiopathic (I), genetic (G), autoimmune (A), recurrent se-
vere acute pancreatitis-associated (R) and obstructive (O) mechanisms [table 3]. The 
classifi cation is roughly based on etiologic prevalence and was proposed to provide a 
base for treatment and research. However, recently a new and unifying classifi cation 
system of chronic pancreatitis was introduced.52 The M-ANNHEIM classifi cation system 
allows patients to be categorized according to the aetiology, clinical stage, and the se-
verity of the disease. The M-ANNHEIM classifi cation system is based on the assumption 
that chronic pancreatitis results from the interaction of multiple (M) risk factors. The 
risk factors are categorized into seven subcategories: alcohol consumption (A), nicotine 
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consumption (N), nutritional factors (N), hereditary factors (H), eff erent pancreatic duct 
factors (E), immunological factors (I), and miscellaneous and metabolic factors (M). This 
classifi cation system hopefully provides a better framework for studying the interaction 
of the various risk factors on the course of the disease.

As already mentioned, alcohol misuse is assumed to be the leading cause of chronic 
pancreatitis. However, the association between alcohol consumption and pancreatitis 
is complex and only in part dose-dependent.60, 61 In 2006 an international consensus 
workshop was launched to address these matters.62 A confounding factor is the extreme 
diffi  culty to get reliable estimates of a person’s true alcohol consumption. Self-reports 
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Table 3 TIGAR-O Classifi cation system (version 1.0) of risk factors and aetiologies of chronic pancreatitis44

Toxic-metabolic
• Alcoholic
• Tobacco smoking
• Hypercalcemia (hyperparathyroidism)
• Hyperlipidemia
• Chronic renal failure
• Medication (phenacetin abuse, possibly from chronic renal insuffi  ciency)
• Toxins (organontin compounds, eg. DBTC)

Idiopathic
• Early onset
• Late onset
• Tropical (tropical calcifi c pancreatitis, fi brocalculous pancreatic diabetes)
• Other

Genetic
• Autosomal dominant (cationic trypsiogen, codon 29 and 122 mutations)
• Autosomal recessive/ modifi er genes (CFTR;SPINK1; cationic trypsinogen (codon 16,22,23) and possible 

   1-antitrypsinogen muations)

Autoimmune
• Isolated autoimmune chronic pancreatitis
• Syndromic autoimmune chronic pancreatitis (Sjögren syndrome-, infl ammatory bowel disease- and primary biliary 

cirrhosis-associated chronic pancreatitis)

Recurrent and severe acute pancreatitis
• Postnecrotic (severe acute pancreatitis)
• Recurrent acute pancreatitis
• Vascular diseases/ ischemic
• Postirradiation

Obstructive
• Pancreatic divisum
• Sphincter of Oddi disorders (controversial)
• Duct obstruction (eg. tumor)
• Preampullary duodenal wall cysts
• Posttraumatic pancreatic duct scars
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about the alcohol consumption are notoriously unreliable and underestimate the alco-
hol consumption.63 Furthermore, it remains elusive and enigmatic why some alcoholics 
develop pancreatitis and others do not, but, for example, develop liver cirrhosis. Most 
likely individual susceptibility determined by as yet undetermined genetic factors plays 
an important role. Nevertheless, despite these unresolved issues, epidemiological stud-
ies unequivocally demonstrate a causal link between alcohol consumption and the de-
velopment of both acute and chronic pancreatitis.64

Natural course and outcome of chronic pancreatitis

The most important clinical symptoms of chronic pancreatitis include (severe) abdomi-
nal pain (at least 75% of patients), exocrine and endocrine insuffi  ciency.35, 46, 65 In addi-
tion, pancreatic cancer is the most dreaded long-term complication.66 The natural his-
tory of chronic pancreatitis has been diffi  cult to characterize because of the variability in 
the use of diagnostic criteria, stage of the disease, and etiological factors. Furthermore, 
the pancreas is relatively inaccessible for histological assessment. The natural history of 
chronic pancreatitis may diff er for varies aetiologies.35, 67-72 Only one recent prospective 
study has investigated the long-term evolution of alcoholic and non-alcoholic chronic 
pancreatitis.70 This series includes 343 patients with chronic pancreatitis (265 alcoholic, 
67 idiopathic and 11 hereditary) and the follow-up period from disease onset ranged 
from 14 to 36 years. The median age at onset was 36 years for alcoholic pancreatitis and 
as early as 10 years in case of hereditary pancreatitis. Idiopathic pancreatitis has an early 
onset or ‘juvenile’ form (median age at onset 23 years) and a late onset or ‘senile’ form 
(at 62 years). In alcoholic and late onset idiopathic chronic pancreatitis, exocrine insuf-
fi ciency develops earlier than in early onset idiopathic pancreatitis. In alcoholic chronic 
pancreatitis, exocrine insuffi  ciency can develop as early as 6 years aft er the diagnosis. 
Similarly, endocrine insuffi  ciency occurs earlier in alcoholic pancreatitis with a median 
time of 8 years, compared with 27 years in early onset idiopathic pancreatitis. Almost 
all patients (95.6%) with alcoholic pancreatitis achieved pain relief aft er a median time 
of 10 years and this coincided with the onset of exocrine and/or endocrine insuffi  ciency 
(burn-out of chronic pancreatitis). However, there is still a controversy with respect to 
the progression of pancreatic insuffi  ciency over time and whether there is a true cor-
relation between pain relief and the development of pancreatic insuffi  ciency.35, 45, 65, 72

Although alcohol abuse is the major cause of chronic pancreatitis, smoking has been 
identifi ed as an additional independent risk factor.73-75 Recently, smoking has also been 
shown to be associated with progression of chronic pancreatitis.76, 77 In a retrospective 
study among 934 subjects with chronic alcoholic pancreatitis smoking was associated 
with earlier age at diagnosis of chronic pancreatitis.76 Furthermore, the risk of the devel-
opment of pancreatic calcifi cations and, to a lesser extent, diabetes during the course 
of chronic pancreatitis, was higher, independent of alcohol consumption. This study was 
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not able to evaluate whether smoking alone is a risk factor or risk modifi er. However, in a 
following retrospective study among 164 patients with non-alcoholic idiopathic chronic 
pancreatitis smoking was also associated with a shortened time to the appearance of 
pancreatic calcifi cations and of diabetes.77 Future, preferably prospective, studies are 
needed to establish the role of smoking in the initiation and/or progression of alcohol 
induced pancreatic injury. Not surprisingly, there is a strong correlation between alcohol 
intake and smoking, with heavy drinkers oft en being heavy smokers and vice versa.78-80 
An important message for alcoholic chronic pancreatitis patients is that smoking ces-
sation is as important as reducing alcohol consumption. Both life-style changes do not 
just infl uence the progression of the disease, but also reduce the risk of developing 
pancreatic cancer. Smoking has consistently been shown to be a risk factor for the de-
velopment of pancreatic cancer.81, 82 chronic pancreatitis by itself is also associated with 
an increased risk of developing pancreatic cancer.66, 74, 83-85 In a large cohort, the cumula-
tive risk of pancreatic cancer in subjects who were followed for 10 and 20 years aft er the 
diagnosis of chronic pancreatitis was 1.8% (95% confi dence interval, 1.0 to 2.6%) and 
4.0% (95% confi dence interval, 2.0 to 5.9%).66 In patients with hereditary pancreatitis 
who smoke the risk of pancreatic cancer is increased more than 50-fold.86

There is data that supports that the survival of patients with chronic pancreatitis 
patients is reduced compared to the standard population. In a large retrospective mul-
ticenter study the overall 10 year survival rate was 70% and the 20 year survival rate 
45%.87 The survival was signifi cantly lower compared to the standard population. Older 
age at diagnosis, smoking, and drinking were major predictors of mortality in patients 
with chronic pancreatitis. Recently, Tinto and co-workers reported that between 1989 
and 1999 the age-standardized mortality rate of chronic pancreatitis patients has re-
mained unchanged in England.24 Most of the deaths are not directly related to chronic 
pancreatitis itself, but related to non-pancreatic eff ects such as alcohol and/or smoking, 
including cardiovascular disease and lungcancer. Mullhaupt and co-workers recently re-
ported in their series of alcoholic and idiopathic chronic pancreatitis patients that car-
diovascular, severe infection and malignancy were the three major causes of death.71

Summary

Over the last decades several epidemiological studies have been published reporting on 
incidence trends, hospital admissions and outcome of acute pancreatitis. The incidence 
of fi rst acute pancreatitis attacks and hospital admissions in the Western countries are 
increasing. An important contributor to this increase is gallstone-related pancreatitis, 
which is more common in women. Alcoholic pancreatitis is predominant in middle-aged 
men. Diff erences in incidence and aetiology between countries are related to diff erences 
in the prevalence of risk factors. Both incidence and the mortality of acute pancreatitis 
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increase with age. Case-fatality rates have decreased over time, but the overall popula-
tion mortality has remained unchanged. Compared to a fi rst attack of acute pancreatitis, 
recurrent acute pancreatitis is a milder disease with a substantially lower mortality.

Data regarding the epidemiology of chronic pancreatitis has been reported less oft en 
compared with acute pancreatitis, but the number of hospital admissions also shows a 
clear tendency to increase, as is, although less well established, the incidence of chronic 
pancreatitis. The latter seems (at least in part) related to an increase in the amount of 
alcohol consumption in a population and/or a higher awareness among physicians in 
combination with more sophisticated imaging techniques. Alcohol is the major cause of 
chronic pancreatitis and is mainly diagnosed in middle aged men, although this diagno-
sis nowadays is also made in women more oft en. The natural course of chronic pancre-
atitis diff ers for various aetiologies. Smoking independently aff ects the development of 
pancreatic calcifi cations, diabetes and ultimately, pancreatic cancer. The overall survival 
of chronic pancreatitis patients is reduced and most notably because of non-chronic 
pancreatitis associated eff ects of alcohol and/or smoking including cardiovascular dis-
eases and various malignancies.

epidemiology of acute and chronic pancreatitis

Practice points

• The incidence of acute and chronic pancreatitis as well as the number of hospital admissions in the Western coun-
tries are increasing

• Consequently, not only the burden for patients, but also health care costs will increase
• The increasing incidence of acute pancreatitis seems largely accounted for by an increase in patients with 

gallstone-related pancreatitis
• Case-fatality rate of acute pancreatitis decreased over time, but the overall population mortality did not change for 

both, acute and chronic pancreatitis
• There is no defi nite explanation for the increasing number of hospital admissions for chronic pancreatitis (more 

cases versus more admissions per patient)
• Smoking cessation is important in chronic pancreatitis patients, especially in heavy drinkers

Research points

• Initiation of large scale prospective population-based epidemiological studies
• Detailed verifi cation of the completeness and accuracy of information contained in large databases used for epide-

miological research in pancreatitis
• Investigate and establish the trend and the nature of the rise in the incidence of both acute and chronic pancreatitis
• Identify genetically determined risk factors associated with to risk to develop pancreatitis and with prognosis
• Establish which proportion of gallstone related pancreatitis is actually caused by a recurrence due to a delay or 

even the omittance of biliary surgery (cholecystectomy / ERCP) indicated according to practice guidelines (and as 
such preventable)

• Determine more accurately mortality rates in various aetiologies of acute pancreatitis
• Investigate the long-term evolution of alcoholic and non-alcoholic chronic pancreatitis, documenting the amount 

and pattern of alcohol use (and smoking) to assess dose-response relationships
• Further establish the role of smoking in the initiation and progression of alcohol induced pancreatic injury
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Abstract

background  National and regional disease registries are oft en used for epidemio-
logical studies and validation analyses are scarce. We analysed the reliability of the in 
the Netherlands used National Information System on Hospital Care (NISHC) to classify 
admissions for acute and chronic pancreatitis.

methods  All pancreas related discharge diagnoses notifi ed by the Academic Medical 
Center to the NISHC were retrieved from a two year time period. A review of multi-
disciplinary patient reports was conducted to verify these diagnoses.

results  284 patients were notifi ed to the NISHC, relating to 483 admissions with 
523 pancreas-related discharge diagnoses. Of these diagnoses, 112 were coded as acute 
pancreatitis, 250 as chronic pancreatitis and 161 were classifi ed as pseudocysts and 
other pancreas diseases. The positive predictive value for acute pancreatitis diagnosis 
codes was 77.7% and 46 additional acute pancreatitis diagnoses were identifi ed. Ulti-
mately, leading to an underestimation of the total number of acute pancreatitis diag-
noses of 15.8%. The positive predictive value for discharge diagnoses regarding chronic 
pancreatitis was 83.6% and 57 additional chronic pancreatitis diagnoses were identi-
fi ed. Finally, resulting to an underestimation of the total number of chronic pancreatitis 
 diagnoses of 6%.

conclusion  There is a substantial miscoding on a person level of discharge diagnoses 
of acute and chronic pancreatitis. On a group level, when miscoding between categories 
is levelled-out, actual numbers of admission are only slightly underestimated.

2
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Introduction

National and regional registries of hospital discharge data are oft en consulted for epide-
miological studies on incidence and prevalence of acute and chronic pancreatitis.1-8 The 
validity of these studies depends heavily on the quality of the national registries as data 
sources for the estimation of incidence and prevalence rates. Therefore, it is impor-
tant to ascertain the completeness and accuracy of such registry databases.9, 10 It has 
been suggested that registries of hospital discharge data may be unreliable for acute 
pancrea titis (ap) incidence estimates, because of an inadequacy of case retrieval using 
computer linked diagnostic index for acute pancreatitis.11 Another potentially limiting 
factor is that the commonly used International Classifi cation of Diseases, 9th revision, 
Clinical Modifi cation (ICD-9CM) codes are not specifi c for pancreatitis, for example they 
do not distinguish between alcoholic and biliary causes.9 However, such disqualifying 
note itself may be invalid, as validation analyses of hospital registries related to pan-
creatitis are scarce.1, 3, 10 Only two European studies reported on the validity of diagnosis 
codes of acute pancreatitis.1, 3 Importantly, accuracy data concerning chronic pancreati-
tis are lacking. In the Netherlands, the National Information System on Hospital Care 
(NISHC) is frequently used for epidemiological studies. The NISHC is regarded as an 
unbiased source for epidemiological studies because it does not depend on commercial 
or fi nancial incentives.12

To assess the validity of the NISHC hospital discharge data on pancreatitis we re-ex-
amined all discharge diagnoses related to admissions for acute and chronic pancreatitis 
in the Academic Medical Center between 2002 and 2003 and compared these with data 
that were originally notifi ed to the NISHC.

Methods

Study population
Since 1963 Dutch hospitalization data are collected in the National Information System 
on Hospital Care (NISHC). This nationwide database contains anonymous hospital dis-
charge data in academic and community hospitals. The NISHC database is maintained 
by Prismant, the research and advisory agency for the Dutch Health Care Service. Since 
1986 almost all (98%) Dutch hospitals are linked to the NISHC. The case load of pan-
creatitis is very small in the remaining hospitals that do not report to the NISHC, be-
cause these are hospitals specialized at e.g. oncology and rheumatology. Recorded data 
include, among others, sex, date of birth, number of admission days, mortality, and 
the primary and secondary discharge diagnoses. The discharge diagnoses are coded 
in accordance with the ICD-9CM (www.cdc.gov/nchs/icd9). The NISHC receives the dis-
charge diagnoses from in-hospital medical coders. A medical coder extracts  diagnoses 
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from the discharge letter of the treating physician. Since 1992, Prismant improved its 
internal verifi cation process to optimize the quality of the discharge data. The collected 
data from pooled hospitals are since then matched yearly with the notifi ed hospital 
discharge data of the preceding year. Whenever (large) changes in trend or discrepan-
cies are observed, a verifi cation is prompted to verify the notifi ed data. It is not to be 
expected that in this verifi cation process the original source data are thoroughly verifi ed 
and validated.

We retrieved and verifi ed all outgoing primary and secondary discharge diagno-
ses related to admissions (single day treatment and ≥ 1 day of hospital stay) from the 
Academic Medical Center to the NISHC with ICD codes relating to pancreas disease 
 (ICD-9CM, 577.*) in the period 1 January 2002 until 31 December 2003.

Validation NISHC
To validate the hospital discharge diagnoses all available multi-disciplinary reports 

were thoroughly reviewed including hospital charts, radiological reports, laboratory 
data, endoscopic reports, surgery, pathology and autopsy reports.

As mentioned earlier, the NISHC encodes all diseases of the pancreas in accordance 
with the ICD-9CM [table 1]. The main group of pancreas diseases consists of fi ve related 
subgroups: 577.0 Acute pancreatitis; 577.1 Chronic pancreatitis; 577.2 Cyst and pseu-
docyst of pancreas; 577.8 Other specifi ed diseases of pancreas and 577.9 Unspecifi ed 
disease of pancreas. The NISHC registers per hospital admission one primary discharge 
diagnosis and up to nine secondary discharge diagnoses. This may have important im-
plications. When for example a patient with Crohn’s disease develops an attack of acute 
pancreatitis induced by azathioprine during hospital admission, Crohn’s disease may 
be registered as the primary discharge diagnosis and acute pancreatitis as a second-
ary discharge diagnosis. In this validation analysis, secondary diagnoses are defi ned as 
complications or consequences of the primary diagnosis during the actual admission, or 
diagnoses from a patients’ medical history that play an actual role during the admission, 
but are not the primary diagnosis.

For proper validation of the discharge diagnoses, the specifi c pancreas diseases were 
strictly defi ned. The discharge diagnosis of acute pancreatitis was defi ned as a clinical 
picture with acute epigastric pain combined with a serum amylase or lipase value of 
more than three times the upper limit of normal, and in the absence of any feature 
of chronic pancreatitis’.13-16 The diagnosis of chronic pancreatitis (ICD-9CM; 577.1) was 
defi ned on a clinical picture of recurrent or chronic epigastric pain, weight loss, or steat-
orrhea, and/or functional evidence of pancreatic insuffi  ciency and/or typical fi ndings at 
imaging tests (ultrasound, radiography, computed tomography, endoscopic retrograde 
cholangiopancreatography (ERCP), magnetic resonance cholangiopancreatography 
(MRCP) or endoscopic ultrasound) and/or a typical picture at laparotomy or histological 
examination.17-19 An exacerbation of chronic pancreatitis (with or without a serum amy-
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Table 1 Diseases of the pancreas according to the International Classifi cation of Diseases, 9th revision, 
Clinical Modifi cation (ICD-9CM) (www.cdc.gov/nchs/icd9)

ICD-9CM Pancreas diseases codes Description

577.0 Acute pancreatitis Abscess of pancreas
Necrosis of pancreas:
• acute
• infective
Pancreatitis:
• not other specifi ed
• acute (recurrent)
• apoplectic
• hemorrhagic
• subacute
• suppurative
Excludes:
• mumps pancreatitis (072.3)

577.1 Chronic pancreatitis Chronic pancreatitis:
• not other specifi ed
• infectious
• interstitial
Pancreatitis:
• painless
• recurrent
• relapsing

577.2 Cyst and pseudocyst of pancreas

577.8 Other specifi ed diseases of pancreas Atrophy of pancreas
Calculus of pancreas
Cirrhosis of pancreas
Fibrosis of pancreas
Pancreatic:
• infantilism
Necrosis:
• not other specifi ed
• aseptic
• fat
Pancreatolithiasis
Excludes:
• fi brocystic disease of pancreas (277.00-09)
• islet cell tumor of pancreas (211.7)
• pancreatic steatorrhea (579.4)

577.9 Unspecifi ed disease of pancreas
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lase or lipase value of more than three times the upper limit of normal) was classifi ed as 
a recurrent or relapsing chronic pancreatitis.

A pseudocyst was defi ned as a fl uid collection in the parenchyma of the pancreas 
originating aft er an attack of acute pancreatitis or in the course of chronic pancreatitis. 
This defi nition implies that the discharge diagnoses pseudocyst (ICD-9CM; 577.2 Cyst 
and pseudocyst of pancreas) is frequently accompanied with a primary or secondary 
discharge diagnosis of acute or chronic pancreatitis.

Statistics
In this validation study descriptive statistics were used. The validated data were consid-
ered to refl ect the true hospital discharge status. To assess the possible epidemiological 
impact of the discordant discharge diagnoses, the net eff ect of over-and underreporting 
was related to the actual number of pancreatitis discharge diagnoses according to the 
AMC validated database as gold standard. Only positive predictive values (PPV) for the 
original notifi cation to the NISHC of both acute and chronic pancreatitis discharge diag-
noses could be calculated. Sensitivity, specifi city, negative predictive values, and accu-
racy could not be reliably calculated; some true cases with acute or chronic pancreatitis 
might not have been encoded by the AMC as pancreatitis related and therefore might 
not have been notifi ed to Prismant as ICD-9CM 577.* primary or secondary discharge 
diagnoses.

Results

Between 1 January 2002 and 31 December 2003 the AMC reported 284 patients to the 
NISHC with a pancreas disease related discharge diagnosis. These 284 patients gener-
ated 483 hospital admissions and 523 pancreas disease related discharge diagnoses. Of 
these 523 discharge diagnoses, 112 were coded as acute pancreatitis (ICD-9CM; 577.0); 
250 as chronic pancreatitis (ICD-9CM; 577.1) and 92 as pseudocysts (ICD-9CM; 577.2). 
The remaining 69 discharge codes were classifi ed as other specifi ed and unspecifi ed 
diseases of the pancreas (ICD-9CM; 577.8 and 577.9) [table 2].

Acute pancreatitis
The PPV of the NISHC discharge diagnoses regarding acute pancreatitis was 77.7% 
(87/112) [Table 2]. The 25 falsely registered and thus over-reported acute pancreatitis 
discharge diagnoses, consisted of 15 (60%) chronic pancreatitis diagnoses (ICD-9CM; 
577.1) and 10 other diagnoses. In this latter group there were 3 acute pancreatitis diag-
noses (ICD-9CM; 577.0), but all diagnosed in the past and not relevant during the actual 
admission. The other 7 discharge diagnoses were not 577.* related ICD-9CM codes.

validation of pancreatitis diagnoses
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Importantly, an additional 46 (under-reported) acute pancreatitis diagnoses were iden-
tifi ed which were originally miscoded into other categories (577.1, 577.8 and 577.9), 
amounting to a total number of 133 discharge diagnoses (87+46). Ultimately, the net 
eff ect of over- and under-reporting leads to an underestimation of the total number of 
discharge diagnoses for acute pancreatitis of 15.8% (21/133).

Chronic pancreatitis
The PPV of the NISHC discharge diagnoses regarding chronic pancreatitis was 83.6% 
(209/250) of admissions. The 41 falsely registered and thus over-reported chronic pan-
creatitis discharge diagnoses consisted of 32 (78%) acute pancreatitis diagnoses (ICD-
9CM; 577.0) and 9 other diagnoses. This latter group consisted of one acute pancreatitis 
diagnosis (ICD-9CM; 577.0) diagnosed in the past but not relevant during the actual ad-
mission and 8 discharge diagnoses without 577.* related ICD-9CM codes.

An additional 57 (under-reorted) chronic pancreatitis diagnoses were identifi ed, 
which were initially miscoded into other categories (577.0, 577.8 and 577.9), amount-
ing to a total number of 266 diagnoses (209+57). Ultimately, the net eff ect of over- and 
under-reporting leads to an underestimation of the total number of discharge diagnoses 
for chronic pancreatitis of 6% (16/266).

Discussion

In this validation study we show that there is a substantial miscoding of discharge diag-
noses of acute and chronic pancreatitis on the level of individual hospital admissions. 

ch apter 2

Table 2 Overview of number of NISHC and Academic Medical Center validated discharge diagnoses

AMC validated

AP CP PC Other#  

NISHC AP 87 15 - 10 112

CP 32 209 - 9 250

PC 1 1 89 1 92

Other 13 41 1 14 69

Total 133 266 90 34 523

NISHC= National Information System on Hospital Care; AMC= Academic Medical Center; AP = Acute Pancreatitis 
(577.0); CP = Chronic Pancreatitis (577.1); PC= Pseudocyst (577.2); Other = 577.8 and 577.9 pancreas disease ICD-9CM 
codes. # 577.* and other ICD-9CM codes
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The PPV for acute and chronic pancreatitis discharge diagnosis codes are 77.7% and 
83.6% respectively. The PPV for acute pancreatitis discharge diagnosis codes is in ac-
cordance with the results of two former, but limited validation studies.1, 3 Eland et al. 
performed, as a part of a retrospective study in which incidence rates of acute pan-
creatitis in the Netherlands were assessed, a restricted validation analysis. Data were 
retrieved from 101 patients who were reported to the NISHC with a discharge diagnosis 
code for acute pancreatitis.1 They report a PPV of 82.2% for acute pancreatitis discharge 
diagnosis codes. This percentage was similar for the years 1985, 1990, and 1995. Floyd 
et al. found in their validation analysis among 99 Danish patients an overall PPV of 82% 
for correctly recorded diagnosis of a fi rst episode of acute pancreatitis (95% confi dence 
interval, 72.8-88.9).3

In this present study, the cause of miscoding on a patient level mostly originated 
from the misclassifi cation of acute pancreatitis as chronic pancreatitis and vice ver-
sa. Sixty percent (15/25) of the falsely coded acute pancreatitis diagnoses should have 
been classifi ed as chronic pancreatitis and 78% (32/41) of the falsely coded chronic 
pancreatitis codes should have been classifi ed as acute pancreatitis. Apparently, the 
allocation of acute versus chronic pancreatitis causes considerable confusion and is 
not performed according to uniform criteria. However, consensus reports are available 
in which the features of acute and chronic pancreatitis are clearly defi ned and which 
may be strengthened further if more information becomes available concerning the 
pathogenesis and the natural history of pancreatitis.17, 20, 20, 21 In the process of reporting 
discharge codes to the NISHC there are two potential sources of error: fi rst the physi-
cian composing the discharge letter in which the diagnostic investigations, treatment 
outcome and overall conclusions are discussed, and secondly the medical coder fi ltering 
diagnoses from the discharge letter and translating these into ICD-9CM based discharge 
codes (primary and secondary) to report to the NISHC. The medical coder is dependent 
on an accurate interpretation and clear presentation of the diagnoses by the clinician. 
Therefore, classifi cations by the medical coder of discharge letters that do not contain 
accurate information and uniformly stated diagnoses are a potential source of error.

Which proportion of errors in discharge diagnoses can be attributed to either the 
physician or the medical coder was not a part of the present study. It could be antici-
pated that there would be less errors if the physician reports discharge codes directly 
to the NISHC. In 2005, a registration system has been introduced in the Netherlands in 
which discharge diagnoses are reported by physicians. This new registration system has 
been introduced nationwide to control and manage health care fi nances and is called 
‘Diagnose Behandeling Combinatie’ (DBC) (translation: Diagnosis Treatment Combina-
tion).22 This DBC system is not meant to replace the NISHC, for the time being they 
will probably coexist for the foreseeable future. DBCs are defi ned as the whole set of 
diagnostic and therapeutic interventions in an individual patient with a typical clinical 
representation or diagnosis starting from the fi rst consultation until discharge. Each 
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registered DBC provides the hospital/physician with pre-calculated fi nancial reimburse-
ment which is based on the average costs of medical care in patients with a comparable 
diagnosis. Each DBC is characterized by a diagnosis which is derived from the Interna-
tional Classifi cation of Diseases, 10th edition (ICD-10). In which way information on dis-
ease diagnosis is truly representative of discharge diagnoses and is biased for example 
by fi nancial incentives (selecting a more expensive DBC) is unclear. Moreover, physicians 
are allowed to choose from a pre-selected set of ICD-10 diagnoses and, depending on 
the local situa tion, in some instances there is an extra re-coding from items selected by 
physicians into a fi nal DBC code. Also, diff erent selections by physicians may be recoded 
into one DBC which may be readily apparent to administrators but not to physicians.

The proportion of pancreatitis related hospital admissions during which patient die, 
could not be estimated from this validation study in which both, primary and second-
ary discharge diagnosis codes of pancreatic diseases (ICD9-CM, 577.*) were evaluated. 
Admission-related death as registered within the NISHC cannot be linked specifi cally to 
a particular primary or secondary discharge diagnosis. In-hospital, pancreatitis related 
death however, may be modest. Andersson et al. retrospectively studied hospital mor-
tality for acute pancreatitis during 1994-2003 in a centre with a restrictive attitude to 
surgery.23 They identifi ed 22% of all admissions for acute pancreatitis to involve cases 
of severe acute pancreatitis, 9% of which mortality-related. Hence, hospital mortality 
for all cases of acute pancreatitis may amount to 2%. Hospital mortality for chronic 
pancreatitis may be far below this fi gure, given its recurrent nature.
 The important question remains if the pancreatitis related discharge diagnoses re-
ported to the NISHC are valid enough to use for epidemiological studies. The underes-
timation of the total number of admissions for acute and chronic pancreatitis amounts 
to 15.8% and 6% respectively. With these fi gures in mind and with the notion that there 
may also be some (unknown) degree of underreporting because some hospital admis-
sions are unrightfully not coded as pancreatitis cases, the NISHC may serve as a rela-
tively reliable source for large scale epidemiological surveys regarding the incidence and 
prevalence of acute and chronic pancreatitis. When data over time are compared and 
relative changes are studied, this may even be more true as miscoding may be relatively 
constant at diff erent points in time, although this has not been formally assessed in 
this study nor in other surveys. If records are fi ltered to exclude duplicate diagnoses 
entries of individual patients, NISHC data could serve a dependable source to calculate 
incidence and prevalence rates of acute and chronic pancreatitis in the Netherlands. 
Although our validation study is, in absence of international administrative databases 
almost by implication, restricted to a national registry, other epidemiological studies 
may benefi t from our approach when assessing the validity of the administrative data. 
National registries elsewhere may be hampered by similar validity issues as pointed out 
in this paper. National and international epidemiological studies reporting on incidence 
and prevalence of acute and chronic pancreatitis can be validly compared, only if the 
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accuracy of the used administrative data has been assessed. Prediction studies too may 
benefi t from better validated registries. For instance, severe acute pancreatitis has been 
reported to be more frequent in obese patients; those patients developed more sys-
temic and local complications.24 If one is interested in determining the risk for (repeat) 
hospitalization in these patients, accurate identifi cation and classifi cation of admissions 
as pancreatitis-related would be a prerequisite for further study. Hence, more validation 
studies, preferably internationally oriented and prospectively designed, are needed.
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Abstract

background  The incidence and prevalence of acute and chronic pancreatitis have 
increased in the Western countries. Most likely, the number of hospital admissions has 
increased correspondingly.

aims  To analyze the trends in hospital admissions in the Netherlands for acute and 
chronic pancreatitis from 1992 to 2004 and to forecast the number of admissions up 
to 2010.

methods  Analysis of hospital admissions for acute and chronic pancreatitis accumu-
lated in a nationwide database. Curve fi tting regression models were used to explore 
future trends.

results  The number of acute pancreatitis admissions rose in 1992-2004 from 1785 
to 3120 (74.8% increase). The overall annual number of acute pancreatitis admissions 
increased from 11.8 to 19.2 per 100.000 person-years. The linear regression model pre-
dicted 3205 (95% CI: 3111-3299) and 3537 (95% CI: 3429-3645) admissions for 2007 and 
2010 respectively, a further increase by at least 9.9% in 2010 compared to 2004. In the 
12 year time period, chronic pancreatitis admissions showed an increase of 75.4% (from 
790 to 1386). The overall annual number of chronic pancreatitis admissions increased 
from 5.2 to 8.5 per 100.000 person-years. The cubic regression model predicted 1868 
(95% CI: 1619-2117) and 3173 (95% CI: 2456-3890) admissions for 2007 and 2010 respec-
tively, an additional increase of 77.2% in 2010 compared to 2004.

conclusion  Hospital admissions for acute and chronic pancreatitis have increased 
substantially from 1992-2004. This trend will most likely continue for the near future 
and the burden and costs to the Dutch health care system will increase accordingly.

3
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Introduction

Over the past decades the incidence and prevalence of respectively acute and chronic 
pancreatitis in the Western countries have increased.1-10 It has been suggested that this 
could be explained by an increase in alcohol intake, a higher incidence of gallstone-
related pancreatitis, and by improvements of diagnostic tests and imaging techniques.6, 

7, 9, 10

The disease spectrum of acute pancreatitis ranges from mild and self limiting (80%) 
to a rapidly progressive fulminate illness with morbidity rates up to 30-50%.11, 12 Its 
 clinical course varies from a short period of hospitalization with supportive care (pain, 
fl uid, and nutritional management) to prolonged hospitalization with admittance to an 
Intensive Care Unit because of the development of multi organ failure, systemic infl am-
matory response syndrome and septic complications.

Chronic pancreatitis is characterized by recurrent episodes of abdominal pain ac-
companied by progressive pancreatic exocrine and endocrine insuffi  ciency. Hospital-
ization is required in case of an exacerbation to control pain (e.g. opiod medication, 
pancreaticojejunostomy) and for the treatment of complications such as pseudocysts.13 
We analyzed the trends in hospital admissions for acute and chronic pancreatitis in the 
Netherlands in the period 1992-2004 and explored the predicted number of admissions 
up to 2010.

Methods

Study population
In the Netherlands hospitalization data are collected in the National Information Sys-
tem on Hospital Care (NISHC). This nationwide, automated database collects anony-
mous hospital discharge data from academic and general hospitals. The NISHC data-
base is maintained by Prismant, the research and advisory agency for the Dutch Health 
Care Service. Since 1992 almost all (98%) Dutch hospitals are linked to the NISHC. The 
recorded discharge data are periodically verifi ed and matched with the original hospital 
data to ensure an optimal data quality.

We retrospectively retrieved all hospital admissions (>1 day of hospital stay) with 
acute or chronic pancreatitis as the primary discharge diagnosis for the period from 1 
January 1992 to 31 December 2004. The discharge codes are coded in accordance with 
the International Classifi cation of Diseases coding system (ICD-9CM, 577.0 and 577.1). 
Data were retrieved grouped by sex and by age.
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trends and forecasts of hospital admissions for pancreatitis 

Statistics
The annual number of hospital admissions for acute and chronic pancreatitis per 
100.000 person-years was calculated. The general population numbers within speci-
fi ed time frames were derived from the online statistical resource StatLine of the CBS 
(Central Commission for Statistics) of the Dutch Ministry of Economy Aff airs (www.cbs.nl  ). 
Annual number of admissions was standardized for age and sex based on the distri-
bution of the total number of person-years in the period 1992-2004, assuming that 
a person alive during the year generates one full person-year.

Future trends in hospital admissions up to 2010 were forecasted with curve fi tting 
regression models while using the numbers of admissions for acute and chronic pan-
creatitis from the period 1992-2004 for historical validation. Principally, the regression 
model that best fi tted the historical data as indicated by the explained variance es-
timate (highest R2) was chosen. However, with a time horizon of 6 years, regression 
models may easily over- or underestimate future numbers of admissions the closer one 
gets to 2010, particularly in case of overfi tting of historical data. To prevent possibly 
spurious estimates by merely taking the model with the highest R2, the forecasts by 
the other models were visually inspected and a simpler regression model was selected 
instead, in case it explained at least 90% of the variance in historical data. In addition, 
the model selection process was repeated using smoothed historical data. Smoothing 
data directly reduces the risk of overfi tting and leads to shrinked parameter estimates 
in regression models. Upper and lower 95% confi dence intervals of the forecasted num-
bers of admissions are reported for the primary analysis as well as for the analysis based 
on smoothed data.

The Statistical Package for the Social Sciences (SPSS) version 12.0.1 (SPSS, Chicago, IL) 
was used for statistical analysis.

Results

Acute pancreatitis
In 1992 a total of 1785 hospital admissions for acute pancreatitis were registered. In 
2004 this number rose to 3120, representing an increase of 74.8% over a twelve year 
time period. Males were slightly overrepresented with 58.8% and 56.3%, respectively 
[Figure 1]. The growth rate of the number of admissions for women (85.3%) was higher 
than for men (67.4%).The overall annual number of primary acute pancreatitis admis-
sions increased in the period 1992-2004 from 11.8 to 19.2 per 100.000 person-years.

Aft er standardization for age and sex the annual number increased from 12.3 to 18.5 
per 100.000 person-years [Figure 2]. This represents an increase of 50.4% between 
1992-2004. The sex-standardized number per 100.000 person-years increased from 14.0 
to 21.8 for men (55.7% increase) and from 9.6 to 16.6 for women (73.0% increase).



56

The linear regression model was selected to forecast the number of admissions for the 
years 2007 and 2010. The model explained 97.1% of the variance in the unstandardized 
historical data (against 98.2% for the more complex cubic model). The linear model 
forecasted 3344 (95% CI: 3130-3557) and 3680 (95% CI: 3444-3916) admissions for 2007 
and 2010, respectively, suggesting an increase of 17.9% compared to the 2004 level. 
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Figure 2 Annual age-standardized and sex-standardized incidence of admissions for acute pancreatitis per 
100.000 person-years in the Netherlands in the period 1992-2004
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Aft er smoothing the historical data for acute pancreatitis, the R² of the linear model 
increased to 99.3% and the model forecasted 3205 (95% CI: 3111-3299) and 3537 (95% 
CI: 3429-3645) admissions for 2007 and 2010 respectively [Figure 3], suggesting an 
increase of at least 9.9% compared to the 2004 level.

Chronic pancreatitis
A total of 790 hospital admissions for chronic pancreatitis were registered in 1992. In 
2004 the number of admissions rose to 1386, representing an increase of 75.4%. The 
increase of the number of chronic pancreatitis related admissions was more prominent 
in the years 2003 and 2004 (21.7% and 15.8%, respectively). Males were overrepresented 
with 67.8% and 66.4%, respectively [Figure 4]. The growth rate of the number of ad-
missions for women (83.5%) was somewhat higher than for men (71.6%).The overall 
 annual number of primary chronic pancreatitis related admissions increased in the pe-
riod 1992-2004 from 5.2 to 8.5 per 100.000 person-years.

Aft er standardization for age and sex the annual number increased from 5.5 to 8.2 
per 100.000 person-years [Figure 5]. This represents an increase of 49.1% between 
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1992-2004. Moreover, the increase in number was most explicit in the years 2003 and 
2004. The sex-standardized number per 100.000 person-years increased from 7.2 to 11.4 
for men (58.3% increase) and from 3.3 to 5.7 for women (72.7% increase).

Only the cubic regression model explained more than 90% of the variance of the 
unstandardized historical data (R2 91.3%) and was selected to forecast the number 
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Figure 5 Annual age-standardized and sex-standardized incidence of admissions for chronic pancreatitis 
per 100.000 person-years in the Netherlands in the period 1992-2004
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of admissions up to 2010. The cubic model forecasted 2246 (95% CI: 1708-2785) and 
3830 (95% CI: 2446-5234) admissions in 2007 and 2010, respectively, suggesting an 
increase of 176% compared to the 2004 level. Smoothing the historical data prior to 
model  selection did not reveal a simpler regression model exceeding the 90% prereq-
uisite. By smoothing, the R² of the cubic model increased to 97.8% and the model fore-
casted 1868 (95% CI: 1619-2117) and 3173 (95% CI: 2456-3890) admissions for 2007 and 
2010 respectively, suggesting an increase of at least 77.2% compared to the 2004 level 
 [Figure 6].

Discussion

In this study we show that the number of hospital admissions in the Netherlands with 
acute or chronic pancreatitis as the primary discharge diagnosis has increased substan-
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Figure 6 Historical and forecasted hospital admissions up to 2010 for chronic pancreatitis with the cubic 
curve fi tting model aft er smoothing (R2 = 97.8). Forecasted admissions are also presented with 
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tially over the last 12 years up to 2004, by 74.8% and 75.4% respectively, with a higher 
growth rate for women than for men. Aft er standardization for age and sex the annual 
number for both acute and chronic pancreatitis related admissions increased by at least 
50%. This increase in admissions is in line with an earlier observation that the incidence 
of fi rst attacks of acute pancreatitis in the Netherlands increased between 1985-1995.3

Curve fi tting regression models based on these trends show that the yearly num-
ber of admissions up to the year 2010 may further increase considerably. The historical 
trend in admissions for acute pancreatitis was best described by a linear model. The 
resulting forecasts suggested increasing yearly number of admissions of at least 9.9%, 
presumably 17.9%.

In contrast, the cubic model best fi tted the trend of admissions for chronic pan-
creatitis. The resulting forecasts suggested increases of at least 77.2%. Because of its 
‘accelerating’ nature, it can be debated if this progressive cubic regression model truly 
forecasts the hospital admissions in the near future. The hospital admissions in 2003 
en 2004 increased with respectively 21.7 and 15.8%. With these high yearly percentages 
in mind, the derived minimum estimate of a 77.2% increase over 6 years seems reason-
ably realistic and may set the target for health care service planning. Whether or not this 
growth rate will be even higher and will approximate the also suggested 176% increase 
over 6 years, remains uncertain. A regular update of curve-fi tting based forecasts with 
additional, more recent data is advisable.

It can be speculated that the increase of hospital admissions for both acute and 
chronic pancreatitis from 1992-2004 in combination with the forecasted increase, puts 
a proportionally higher burden on the Dutch health care system, both in terms of labour 
eff orts as well as costs. To substantiate this speculation, it would be interesting to as-
sess the trend in length of stay. Regarding labour eff orts, decreasing length of stay may 
partially compensate for increasing numbers of admissions. However, while the overall 
length of hospital stay for any indication reduced during the last decade in the Neth-
erlands, actual data regarding the length of stay of admissions for acute and chronic 
pancreatitis were not retrieved from the NISHC.

The outcomes of the present study depend heavily on the validity of the NISHC as a 
reliable source for hospital discharge data for acute and chronic pancreatitis. Since 1992 
the NISHC collects information on at least 98% of hospital admissions in the Nether-
lands. The accuracy and validity of the data is ensured by a thorough verifi cation strat-
egy by which collected data from pooled hospitals is rechecked and verifi ed with its 
original source. Eland and co-workers performed, as a part of a retrospective study in 
which incidence rates of acute pancreatitis in the Netherlands were assessed, a restrict-
ed validation analysis. Data were retrieved from 101 patients who were reported to the 
NISHC with a discharge diagnosis code for acute pancreatitis NISHC.3 They report a posi-
tive predictive value (PPV) of 82.2% for acute pancreatitis discharge diagnosis codes. 
This percentage was similar for the years 1985, 1990, and 1995. On the other hand, only 
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76% of patients with an acute pancreatitis were notifi ed to the NISHC. They concluded 
that as a consequence of the overreporting due to miscoding and the underreporting 
due to non-coding, the observed incidence rates seem to refl ect true rates. Our group 
retrospectively analyzed the reliability of hospital discharge data (in total 483 admis-
sions) for both acute and chronic pancreatitis collected in the NISHC.14 In this validation 
study we observed a substantial miscoding and non-coding of discharge diagnoses of 
acute and chronic pancreatitis on the level of individual hospital admissions, ultimately 
leading to an underestimation at group level of the total number of acute and chronic 
pancreatitis diagnoses of 15.8% and 6% respectively.

The observed prominent increase in hospital admissions for acute and chronic pan-
creatitis over the last twelve years deserves further attention. It has been suggested 
that the increase of the incidence and prevalence of respectively acute and chronic 
pancreatitis in the Western countries could be explained by an increase in alcohol intake 
and a higher incidence of gallstone-related pancreatitis.6, 7 Unfortunately, the source 
data per admission that were used for the present study do not contain accurate infor-
mation regarding the actual cause of the pancreatitis attack. However, to explicate and 
vindicate the observed trend some considerations come to mind. It is well known from 
epidemiological studies that the incidence of acute pancreatitis follows the changes 
in alcohol consumption.15, 16 Also, a close relation has been described between the per 
person alcohol consumption and the numbers of discharges with chronic pancreatitis 
6 years later.17 According to registry data of the Central Commission for Statistics the 
general alcohol consumption in the Netherlands only slightly increased in the period 
1992-2000 (www.cbs.nl). Furthermore, there has only been a minimal change in alcohol 
consumption in the Netherlands.18 Therefore, the increase in hospital admissions for 
both acute and chronic pancreatitis seems not to be explained by a change in alcohol 
consumption.

As mentioned, another common cause of acute pancreatitis is gallstone disease.11 
Our data show a slightly higher increase in admissions among women. Because gall-
stone disease is associated with the female gender, this increase may point to a con-
tribution from gallstone-related pancreatitis. According to registry data of the Central 
Commission for Statistics the primary hospital admissions for gallstone disease are ris-
ing and most patients are women. Another well known observation is that obesity is 
linked to gallstone disease. Interestingly, in the Netherlands there has been a steady 
increase in the prevalence of obesity in the period from 1976-1997.19

In conclusion, the number of hospital admissions for both acute and chronic 
pancrea titis have increased substantially from 1992-2004. This trend will most likely 
continue for the near future. Consequently, it can be anticipated that the burden and 
costs of acute and chronic pancreatitis admissions to the Dutch health care system will 
increase accordingly.

trends and forecasts of hospital admissions for pancreatitis 
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4
Abstract

background  Over the last decades, the incidence of acute pancreatitis and chronic 
pancreatitis seems to have increased in the Western countries, while the overall popula-
tion mortality has remained stable.

aim  To analyze the trends in incidence and mortality rates of acute and chronic pancrea-
titis in the Netherlands and for international standard populations.

methods  Nationwide cohort identifi ed through record linkage of hospital admission 
data for acute and chronic pancreatitis, accumulated from three distinct nationwide 
Dutch registries for the years 1995-2005. The European and WHO standard populations 
were used.

results  The incidence of acute pancreatitis per 100.000 persons per year increased 
between 2000 and 2005 from 13.2 (95% CI: 12.6-13.8) to 14.7 (95% CI: 14.1-15.3). The 
incidence rate of acute pancreatitis for males increased from 13.8 (95% CI: 12.9-14.7) 
to 15.2 (95% CI: 14.3-16.1), for females from 12.7 (95% CI: 11.9-13.5) to 14.2 (95% CI: 13.4-
15.1).  Irregular patterns over time emerged for chronic pancreatitis. The overall mean 
incidence per 100.000 persons per year was 1.77, for males 2.16, and for females 1.4. 
Mortality for acute pancreatitis fl uctuated during 1995-2005 between 6.9 to 11.7 per 
million persons per year and was almost similar for males and females. Concerning 
chronic pancreatitis, the mortality for males fl uctuated between 1.1 (95% CI: 0.6-2.3) 
and 4.0 (95% CI: 2.8-5.8), for females between 0.7 (95% CI: 0.3-1.6) and 2.0 (95% CI: 1.2-
3.2).  Incidence and mortality rates of ap and cp increased markedly by age. Standardized 
rates were lowest for the WHO standard population.

conclusions  The incidence of acute pancreatitis steadily increased while the inci-
dence of chronic pancreatitis fl uctuated between 2000 and 2005. On average, mortality 
for both acute and chronic pancreatitis remained fairly stable. It is to be expected that 
patient burden and health care costs will increase because of an ageing Dutch popula-
tion.
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Introduction

Over the last decades, the incidence and number of hospital admissions of both acute 
and chronic pancreatitis have consistently increased in the Western countries.1-14 In-
creasing alcohol intake, more gallstone-related pancreatitis, increased pancreatic en-
zyme testing and improvements of diagnostic tests and interventional techniques have 
all been suggested as possible explanations.4, 5, 7, 9, 15-17

The disease spectrum of acute pancreatitis (ap) ranges from mild and self-limiting 
(~85%) to a life-threatening illness resulting in signifi cant morbidity and mortality.18-21 At 
onset, ap regularly results in hospitalization.22, 23 Generally, in the Western countries the 
case fatality proportion of ap decreased over time, but the overall population mortality 
did not change.2, 16

Chronic pancreatitis (cp) is characterized by ongoing or recurrent episodes of ab-
dominal pain accompanied by progressive pancreatic exocrine and endocrine insuffi  -
ciency. Hospitalization is required in case of an exacerbation to control pain (e.g. opioid 
medication, endoscopic duct drainage, pancreaticojejunostomy and/or resection) and 
for the treatment of complications such as pseudocysts.15, 16, 24, 25 The overall survival for 
cp patients is reduced compared with the standard population. Most notably because 
of the impact of non-pancreatic eff ects of excess alcohol consumption and/or smoking, 
independent of cp itself.15, 16

Epidemiological studies from the Netherlands for ap are scarce and this is even more 
the case for cp.2, 11, 22 Eland et al. reported the latest incidence rates and mortality of ap 
from 1985 to 1995, both based on hospital discharge data.2 Recently, we reported about 
the trend in hospital admissions in the Netherlands for ap and cp.11 For both groups, the 
hospital admissions have increased substantially from 1992 to 2004.

In this study we report the incidence rates of ap and cp for the period 2000-2005 and 
mortality rates of ap and cp for the period 1995-2005 following linkage of three distinct 
nation-wide Dutch registries. Additionally, data on incidence and mortality rates over 
time are reported for Dutch and international standard populations.

Methods

Case fi nding
Cases of ap and cp were identifi ed by linkage of three distinct nation-wide Dutch regis-
tries: the hospital discharge register (HDR*), the population register (PR), and the death 
certifi cate register (DCR). The HDR contains discharge data from academic and general 
hospitals in the Netherlands (www.dutchhospitaldata.nl). Since 1992 almost all (>97%) 

* formerly also known as the National Information System on Hospital Care (NISHC).
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Dutch hospitals are linked to the HDR with 99% coverage of all hospital admissions. For 
each hospital discharge the date of admission, date of discharge, type of admission, and 
diagnoses at discharge (primary and secondary) are recorded along with anonymous 
characteristics of discharged persons like; sex, date of birth, postal code of the living 
address, and country of origin. Hospital discharge diagnoses in the HDR are coded ac-
cording to the International Classifi cation of Diseases, 9th revision, Clinical Modifi cation 
(ICD-9CM). We retrospectively retrieved all hospital admissions (>1 day of hospital stay) 
for the period 1 January 1995-31 December 2005 from the HDR with acute (code 577.0) 
or chronic (code 577.1) pancreatitis as the primary discharge diagnoses.

A single patient with multiple admissions will have several records in the HDR. Be-
cause of its anonymous nature however, only partially identifi able information is pro-
vided at the record level. For the accurate count of pancreatitis cases, it is necessary to 
identify diff erent admissions, potentially in diff erent hospitals, by the same patient. To 
identify these unique cases in the HDR the records were linked to the PR which is main-
tained by Statistics Netherlands of the Dutch Ministry of Economy Aff airs. Statistics 
Netherlands collects demographic and economical data about the Dutch population. 
The PR contains continuously updated demographic data on all citizens residing in the 
Netherlands like name, date of birth, sex, nationality, living address, dates of immigra-
tion and/or emigration, and date of death.

HDR records can be linked to the PR by a combination of three identifi ers: sex, date 
of birth, and (the numeric part of) the postal code at the time of admission. Linkage fails 
if several citizens are of the same sex, are born on the same date, and live in the same 
postal code area at the time at least one of them is admitted (‘administrative siblings’). 
Also, linkage fails if any key data are lacking in the HDR or in the PR. The linkage pro-
cedure is performed by Statistics Netherlands and the result is provided to researchers 
aft er adding a unique, encrypted personal identifi er to linked records of the HDR.

Statistics Netherlands enables the unique linkage of about 86% of all yearly hospital 
admissions to the PR, suggesting that counts at the person level should be multiplied 
by 100/86 to derive national estimates. However, the probability of unique linkage is not 
equal across subgroups in the general population and over time. For instance, persons 
in high-density population areas, persons born in countries with inaccurate birth dates, 
and moving persons have a lower probability of unique linkage. To compensate for link-
age failure, stratum-specifi c multipliers were calculated for sex, 5-yearly age cohorts, 
and country of origin (see Appendix). While doing so, we took into account that our aim 
was to estimate the incidence rather than the prevalence of pancreatitis.

From case fi nding to incident cases
We defi ned an incident case during any specifi c year as a person with an admission for 
ap or cp during that year which is not preceded by another admission of the same person 
with the same discharge diagnosis during at least fi ve years prior to the specifi ed year. 
To identify incident cases, it is mandatory that all admissions during the observation 
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period have been identifi ed for each person. Hence, a person known in the PR should 
be always uniquely identifi able during the observation period 1995-2005 based on the 
linkage keys sex, age, and the postal code. This always unique subpopulation of the PR 
may include persons born and/or deceased during the observation period, but excludes:
– persons who have been an administrative sibling any time during 1995-2005, the not 

always uniquely identifi able ones
– immigrating or emigrating persons, because data on admissions abroad are lacking

Incidence rates and standardized incidence rates
Sex- and age- specifi c incidence rates for the years 2000-2005 were defi ned as the 
yearly number of new pancreatitis cases per 100.000 members of the Dutch reference 
population alive during the year, excluding immigrated or emigrated citizens and af-
ter adjustment for stratum-specifi c linkage failure between the HDR and the PR.26 The 
yearly incidence rates were recalculated with reference to the age and sex distribution 
of the Dutch reference population in 2000 as well as with reference to the age distribu-
tion (assuming evenly distributed male and females) of the European and World Health 
 Organization (WHO) standard populations.27

Mortality rates and standardized mortality rates
Deaths associated with acute and cp were identifi ed by linkage of the PR and the Death 
Certifi cate Register (DCR) which is also maintained by Statistics Netherlands.

General practitioners and hospitals are obliged to complete a death certifi cate for 
each deceased person, and notify the primary and up to three secondary causes of 
death. Causes of death are coded according to the International Classifi cation of Dis-
eases coding system with acute and chronic pancreatic related death coded as 577.0 
and 577.1 respectively for the year 1995 (ICD-9CM) or K850 and K860/K861 respectively 
for the years 1996 and later (ICD-10CM). The register is nearly complete (99.7%) with 
regard to persons deceased in the Netherlands, meaning that deaths aft er emigration 
are lacking. Primary causes of death are always notifi ed, whereas secondary causes of 
death however can be missing and incomplete to an unknown extent. Therefore, only 
the primary causes of death are analyzed. The mortality rate is expressed per 1,000,000 
general population members excluding the ones that emigrated any time between 1995 
and 2005. Again, yearly mortality rates were recalculated with reference to the age and 
sex distribution of the Dutch reference population in 2000 as well as with reference to 
the age distribution (assuming evenly distributed males and females) of the European 
and WHO standard populations.

Additional statistics
We assumed the ap and cp incidence and mortality rates to follow Poisson distributions 
when calculating 95% confi dence intervals.28 The Statistical Package for the Social Sci-
ences (SPSS) versions 14.0 and 18.0 (SPSS, Chicago, IL) were used for statistical analysis.

ch apter 4
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Results

In 1995-2005 18,819,221 citizens were known in the population register with 49.75% 
being male. Slightly under 10.4 per cent immigrated or emigrated, leaving 16.866.819 
patients in the Dutch reference population for the incidence estimates, 12.163.581 of 
whom were always uniquely identifi able during 1995-2005. Hence, the average multipli-
er for the incidence estimates amounted to 1387 (see also the Appendix for the stratum-
specifi c multipliers).

Incidence rates acute pancreatitis
The overall incidence rate of ap per 100.000 persons per year increased during the 2000-
2005 period from 13.2 (95% CI: 12.6-13.8) in 2000 to 14.7 (95% CI: 14.1-15.3) in 2005. The 
incidence rate for males rose from 13.8 (95% CI: 12.9–14.7) to 15.2 (95% CI: 14.3-16.1), for 
females from 12.7 (95% CI: 11.9-13.5) to 14.2 (95% CI: 13.4-15.1), refl ecting yearly increases 
of 1.6% and 1.9% respectively [Figure 1a upper left ].

Incidence rates per 100.000 persons per year ranged from below 1 in the younger 
age groups (< age 15) to as high as 50.7 in 2005 for the patients of 85 years and above. 
 Figure 1b [upper right] shows the incidence rates aft er regrouping patients into four 
major age groups (<25, 25-49, 50-74, and >74). The incidence rate in the 50-74 age group 
was highest in 2004 (26.1; 95% CI: 24.6-27.7); in the eldest age group the incidence rate 
was increased in 2005 (46.5; 95% CI: 42.5-50.9) compared to the preceding years.

The mean yearly incidence rates of ap per 100.000 persons per year by 5-yearly age 
groups and by sex peaked at the ages of 80-84 for both, males (55.4; 95% CI: 42.8-71.6) 
and females (41.9; 95% CI: 33.8-52.0). The mean yearly incidence rate was higher for 
females (7.1; 95% CI: 4.7-10.7) than males (3.4; 95% CI: 1.9-6.0) for persons in their early 
twenties. However, between the ages of 44 and 84, the opposite was observed with 30-
63% higher mean yearly incidence rates for males than for females.
 Figures 1c [lower left ; males] and 1d [lower right; females] show the original as well 
as the Dutch 2000, the European, and the WHO standardized incidence rates of ap per 
100.000 persons per year. Both fi gures show lowest incidence rates for the WHO stan-
dard population (range males: 10.4-11.6; range females: 8.6-10.1), followed by the Europe-
an standard population (range males: 12.5-13.9; range females: 10.0-11.7), and the Dutch 
standard population (range males: 13.8-15.3; range females: 12.1-14.0). The fi gures show 
that the discrepancy between the original incidence rate and the standardized rates 
increases over time for males, indicating a small eff ect of an ageing Dutch population.

Incidence rates chronic pancreatitis
The overall incidence rate of cp per 100.000 persons per year during the 2000-2005 
 period averaged 1.77, fl uctuating between 1.52 (95% CI: 1.32-1.74) in 2001 and 1.98 (95% 
CI: 1.76-2.22) in 2004. Figure 2a [upper left ] shows the incidence rates of male and 
female cp cases. The incidence rates for males averaged 2.16, 50% higher than the in-

 incidence and mortality of acute and chronic pancreatitis 



70

cidence rates for females (mean of 1.4). The incidence rates for males fl uctuated over 
time with lower rates in the years 2001 and 2003 (both 1.9; 95% CI: 1.6-2.3) compared 
with the year 2000 (2.5; 95% CI: 2.1-2.9). Among females, the incidence rates during the 
years 2003 (1.5; 95% CI: 1.3-1.8) and 2004 (1.6; 95% CI: 1.4-2.0) were higher than during 
the year 2001 (1.2; 95% CI: 0.9-1.5).

Incidence rates per 100.000 persons per year ranged from below 0.5 in the younger 
age groups (< age 20) to as high as 5.2 (95% CI: 3.5-7.8) in 2005 for the patients between 
75 and 79 years of age. Figure 2b [upper right)] shows the incidence rates aft er regroup-
ing patients into four major age groups (<25, 25-49, 50-74, and >74). While the incidence 
rate fl uctuated in the 50-74 age group between 3.8 (95% CI: 3.2-4.5) in 2000 and 2.9 

ch apter 4

Figure 1 Sex- and age-group specifi c incidence rates of acute pancreatitis per 100.000 persons per year in 
the Netherlands between 2000-2005 (fi gures 1a,1b). Age-standardized incidence rates by sex for 
the Dutch (calendar year 2000) and international standard populations (fi gures 1c, 1d) 
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(95% CI: 2.4-3.5) in 2001 and 2005, the incidence rate in the age group of 75 and older 
increased steadily by 75%, from 2.5 (95% CI: 1.7-3.7) in 2000 to 4.4 (95% CI: 3.2-5.8) in 
2005.

The mean yearly incidence rates of cp per 100.000 persons per year for males be-
tween 65 and 74 years (65-69: 6.2, 95% CI: 3.9-9.8; 70-74: 5.1, 95% CI: 3.0-8.9) more than 
doubled the rates for females (65-69: 2.3, 95% CI: 1.2-4.7; 70-74: 2.4, 95% CI: 1.2-5.0).
 Figures 2c [lower left ; males] and 2d [lower right; females] show the original as well 
as the Dutch 2000, the European, and the WHO standardized incidence rates of cp per 
100.000 persons per year. The incidence rates for the WHO standard population ranged 
from 1.4 to 1.9 for males and from 0.8 to 1.2 for females. For the European standard 

Figure 2 Sex- and age-group specifi c incidence rates of chronic pancreatitis per 100.000 persons per year in 
the Netherlands between 2000-2005 (fi gures 2a,2b). Age-standardized incidence rates by sex for 
the Dutch (calendar year 2000) and international standard populations (fi gures 2c, 2d) 
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population, the ranges were 1.7-2.3 and 1.0-1.3 for males and females respectively. The 
ranges for the Dutch standard population in 2000 (range males: 1.9-2.5; range females: 
1.2-1.6) were nearly identical to the non-standardized data.

Mortality rates acute pancreatitis
Between 1995 and 2005 1,524,492 persons died in the Netherlands. In 2,264 cases ap 
was notifi ed as a cause of death. Of these, 65.6% or 1,484 cases (0.97 pro mille of all 
deceased persons) died with ap as the primary cause of death, including 764 males and 
720 females.

Figure 3a [upper left ] shows the male and female mortality rates of ap per million 
persons per year for 1995-2005. The mortality rates fl uctuated between 6.9 to 11.7 per 
million persons per year and were similar for males and females except for the years 
1997 and 1999 when more males than females died (1997: 11.7, 95% CI: 9.4-14.5 ver-
sus 7.26, 95% CI: 5.56-9.48); 1999: 10.3, 95% CI: 8.2-12.9 versus 7.3, 95% CI: 5.61-9.51). 
Figure 3b [upper right] shows the mortality rates per million persons per year aft er 
regrouping patients into four major age groups (<25, 25-49, 50-74, and >74). The mortal-
ity rate for patients younger than 50 years of age stayed below 3.6 (95% CI: 2.3-5.6) per 
million and for the 50-74 age group below 18.6 (95% CI: 14.8-23.5) per million, whereas 
the mortality rate more than tripled up to 85.3 (95% CI: 69.1-105.4) per million for the 
oldest age group.
 Figures 3c [lower left ; males] and 3d [lower right; females] show the original as well 
as the Dutch 2000, the European, and the WHO standardized mortality rates of acute 
pancreatitis per million persons per year. An ageing eff ect for males is present with 
in 1995 a 6.1% higher and in 2005 a 7.1% lower Dutch standardized rate compared to 
the original rate. On average, the mortality rates for the European and Dutch standard 
populations are 31.6%, respectively 36.8% higher than the WHO standard. Although the 
overall pattern is irregular, a gradual decline over time in mortality rates for males can 
be noted.

Among the females a smaller ageing eff ects emerges with in 1995 a 4% higher and in 
2005 a 3.4% lower Dutch standardized rate compared to the non-standardized rate. On 
average, the mortality rates for the European and WHO standard populations are 52.7%, 
respectively 96.8% below the Dutch standard.

Mortality rates chronic pancreatitis
Between 1995 and 2005 745 patients died in the Netherlands with cp notifi ed as a cause 
of death. Of these, 43.9% or 327 cases (0.21 pro mille of all deceased Dutch patients in 
the same period) died with cp as the primary cause of death, including 223 males and 
104 females.
 Figure 4a (upper left ) shows the male and female mortality rates of cp per million 
persons per year for 1995-2005. The mortality rates for males fl uctuated between 1.1 
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(95% CI: 0.6-2.3) in 1997 and 4.0 (95% CI: 2.8-5.8) in 2003, for females between 0.7 (95% 
CI: 0.3-1.6) in 1995 and 2.0 (95% CI: 1.2-3.2) in 2000. Except for 1997, 2000, 2002 and 
2005 the male mortality rate exceeded the female mortality rate.

Figure 4b [upper right] shows the mortality rates per million persons per year aft er 
regrouping patients into four major age groups (<25, 25-49, 50-74, and >74). The mortal-
ity rate for patients younger than 50 years of age stayed below 2.3 (95% CI: 1.3-4.0) per 
million and for the 50-74 age group below 4.5 (95% CI: 2.9-7.1) per million, whereas for 
the oldest age group the mortality rate went up to as high as 14.7 (95% CI: 8.7-24.9) per 
million persons per year.

Figure 3 Sex- and age-group specifi c mortality rates of acute pancreatitis per million persons per year in 
the Netherlands between 1995-2005 (fi gures 3a,3b). Age-standardized mortality rates by sex for 
the Dutch (calendar year 2000) and international standard populations (fi gures 3c, 3d) 
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Figures 4c [lower left ; males] and 4d [lower right; females] show the original as well 
as the Dutch 2000, the European, and the WHO standardized mortality rates of cp per 
million persons per year for 1995-2005. Again, an ageing eff ect for males is present with 
in 1995 a 9.7% higher and in 2005 a 7.1% lower Dutch standardized rate compared to 
the original rate. On average, the European and WHO standardized rates are 5.9% and 
32.4% lower than the Dutch rate. No clear ageing eff ect is observed for females. On 
average, the European and WHO standardized rates are 42% and 83.5% lower than the 
Dutch rate.

ch apter 4

Figure 4 Sex- and age-group specifi c mortality rates of chronic pancreatitis per million persons per year in 
the Netherlands between 1995-2005 (fi gures 4a,4b). Age-standardized mortality rates by sex for 
the Dutch (calendar year 2000) and international standard populations (fi gures 4c, 4d) 

0

1

2

3

4

5

6
Sex

M
or

ta
lit

y 
ra

te
 p

er
 m

ill
io

n
 p

er
so

n
s 

p
er

 y
ea

r

1995 1995
1996 1996

1997 1997
1998 1998

1999 1999
2000 2000

2001 2001
2002 2002

2003 2003
2004 2004

2005 2005

1995 1995
1996 1996

1997 1997
1998 1998

1999 1999
2000 2000

2001 2001
2002 2002

2003 2003
2004 2004

2005 2005

0

1

2

3

4

5

6

Year Year

Male
Original
Dutch 
standard 2000
European 
standard
WHO standard

Male
Female

75 and older
50-74
25-49
Under 25

0

5

10

15

20

25
Age groups

0

1

2

3

4

5

6
Female

a

c

b

d



75

1

Discussion

We performed a nationwide record-linked study to analyze the time trends of the inci-
dence and mortality rates of ap and of cp in the Netherlands. We show that between 
2000-2005 the incidence of ap per 100.000 persons per year increased over time for 
both, males (from 13.8 to 15.2) and females (from 12.7 to 14.2). Relatively stable patterns 
over time emerged for the incidence rate of ap per 100.000 persons per year by diff er-
ent age groups. The steady increase of the incidence of ap over time corresponds to the 
results of a former retrospective study performed in the Netherlands between 1985-
1995.2 However, the similar growth pattern in our study was observed at a lower level. 
Eland et al. observed incidence rates for the year 1995 of 17.0 males and 14.8 females 
per 100.000 person-years. If we take for granted that no decrease in incidence rates 
took place during the unobserved years 1996-1999, then several decisions concerning 
study design may have contributed to the diff erence in incidence rate level. Eland and 
colleagues retrieved primary as well as secondary discharge diagnoses from the HDR, 
whereas we only included ap as a primary discharge diagnosis in order to reduce the risk 
of misclassifi cation of cases. For example, a patient admitted with a pneumonia may 
have ap be notifi ed as a secondary discharge diagnosis, whereas ap was the primary 
discharge diagnosis during a prior admission in the past. Further, we excluded single-
day admissions for ap. This seems reasonable, because patients with a fi rst attack of ap 
usual ly get admitted for several days.2, 10 Moreover, by identifying unique cases following 
the linkage of two nationwide registries, double counting of cases is a circumvented is-
sue in our study. Last and least (because of its negligible contribution), the denominator 
in the incidence rate by Eland et al. (person-years) slightly increases the estimates com-
pared with our calculations based on persons alive during the year. Considering these 
reasons for diff erences in level despite a similar growth pattern, the former reported 
incidence rates in the Netherlands may be somewhat overestimated.

Other recent population-based studies in Western countries too report increasing 
incidence rates of ap.3, 4, 7, 8, 13, 29-32 The studies - although somewhat heterogeneous by 
design - indicate that the reported incidence rates of ap in the Netherlands are low and 
even far lower compared to reported rates from several Scandinavian countries and the 
United States of America.16 The observed diff erences in incidence rates between these 
geographical locations is not clearly understood and presumably refl ects diff erences in 
risk factor prevalence. We observed that the incidence rates of ap increased consider-
ably with age. This is in accordance with observations elsewhere.2-4, 8, 30

The incidence rates of cp in the Netherlands have now been reported for the fi rst 
time. In contrast to ap, irregular patterns over time emerged for the incidence rates of 
cp per 100.000 persons per year for males (mean: 2.16) and females (mean: 1.4). The in-
cidence rate increased with age, with a top in 2005 at 4.4 in the age group of 75 or older. 
Recent large scale epidemiological studies reporting the time trends of incidence of cp 
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are strikingly scarce.15, 16 The latest reported incidence rates of cp vary between 5.9 and 
7.9 per 100.000 persons.6, 32, 33 In comparison to those studies, our observed incidence 
rates of cp are somewhat lower. This may in part be explained by our study limitations 
(see below). In accordance to other studies, we show that cp is predominantly a disease 
of males.6, 11, 12, 15, 16, 32 The average incidence rate for males is 50% higher than for fe-
males. This is even more pronounced in the older age groups.

The mortality rate for ap per million persons per year fl uctuated between 6.9 to11.7 
during the 1995-2005 period. Others too reported fairly stable overall annual population 
mortality rates.2, 12, 13 The mortality rate increased rapidly for patients of 50 years of age 
and above, which too is in accordance with observation elsewhere.2, 4, 13, 30 Advanced age 
may be an independent risk factor for severe ap.34 Mortality rates were almost similar 
for males and females.

Concerning cp, the mortality rate per million persons per year for both males and 
females fl uctuated within a stable bandwidth. Tinto et al. also reported that between 
1979 and 1999 the age-standardized mortality rate broadly remained unchanged in Eng-
land. Merely, the mortality rate for males exceeded the female rate. The mortality rate 
for persons of 75 years of age and older increased most promptly. Generally, the survival 
rate for patients with cp is poor.15, 16, 35, 36 cp patients tend to die of other causes such as 
smoking related cancers, cardiovascular disease and alcoholic liver cirrhosis.

Both incidence and mortality rates over time are reported for Dutch and interna-
tional standard populations. On average, the reported rates are the lowest for the WHO 
standard population, followed by the European and the Dutch standard populations, 
which clearly refl ects their diff erent age distributions. In addition, an ageing eff ect was 
observed during the study period, particularly for male incidence rates. The ageing of 
the Dutch population will most likely continue for another decade, for which reason an 
increase in patient burden and a rise in health care costs can be anticipated.

Our study has several potential limitations. We defi ned an incident case during any 
specifi c year as a person with an admission that was not preceded by another admission 
of the same person with the same discharge diagnosis during at least fi ve years prior 
to the specifi ed year. So, an admitted, incident case in 2000 had no previous admission 
during 1995-1999 (fi ve years). Further, an admitted, incident case in 2002 had no previ-
ous admission in 1995-2001 (seven years). It would have been a contradiction to allow 
a person to be classifi ed as an incident case in 2002, if he had already been admitted 
once before in 1996 for the same reason. This analytical approach however may have 
led to a downward pressure on the incidence rates in later years (near 2005) compared 
to the earlier years (near 2000). Hence, growth patterns may be slightly underestimated.

In addition, we considered the whole observation period 1995-2005 at once, in-
stead of six ‘moving’ time frames (1995-2000, 1996-2001, …, 2000-2005). The longer 
the observation period is, the smaller is the always uniquely identifi able subpopulation. 
Consequently, the stratum-specifi c adjustment parameters are higher and time inde-
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pendent. This simplifi cation was done to limit the computational eff orts considerably. 
It comes with a small loss of accuracy for the incidence estimates in distinct calendar 
years. For the interpretation of incidence trends over time however, that loss of accuracy 
can be neglected.

Another limitation is that we did not identify incident cp cases among the persons 
already identifi ed as incident ap cases. Presumably, this resulted in only a minimal un-
derestimation of the incidence rate of cp. A recent study showed that cp developed in 
alcoholic ap cases with a cumulative incidence of just 13% in 10 years.37 Only, in patients 
with a recurrent alcoholic ap, the incidence of cp at 2 years aft er initial relapse was 38%. 
Unfortunately, we do not have suffi  cient data about the aetiology of ap and cp in our 
study population.

Another issue concerns the reliability of the reported incidence rates which depends 
heavily on the HDR as a reliable source for hospital discharge data concerning ap and cp. 
Eland et al. performed, as a part of a retrospective study in which incidence rates of ap 
in the Netherlands were assessed, a restricted validation analysis.2 They concluded that 
the overreporting due to miscoding and the underreporting due to non-coding were 
comparable and that observed incidence rates seem to refl ect true rates. Previously, we 
retrospectively analyzed the reliability of hospital discharge data of in total 483 admis-
sions for both ap and cp collected in the HDR. We observed a substantial miscoding 
and non-coding of discharge diagnoses of ap and cp on the level of individual hospital 
admissions, ultimately leading to a limited underestimation at group level of the total 
number of ap and cp diagnoses of 15.8% and 6% respectively.38

Furthermore, there is a potential underestimation of the incidence rates due to non-
referral of ap and cp patients. For the present study, we retrieved the ap and cp hospital 
admissions (>1 day of hospital stay) from the HDR. Underestimation due to non-referral 
is probably limited for ap, because in the Netherlands almost all ap patients are admit-
ted to a hospital for more than one day.22 Whether or not this also holds for cp patients 
in the Netherlands is unknown. Generally, some cp patients, especially in the early stage 
of the disease, are only treated in an outpatient clinic setting and treated in a single-
day hospital admission. So, by excluding the single-day admissions in our study, the 
underestimation will be of greater importance for cp compared to the ap. Historical 
volume data from the forerunner of the HDR (the earlier mentioned NISHC) on the use 
of hospital resources by cp patients suggest that approximately 6% of all admissions are 
single-day admissions. Considering that individual cp patients frequently need multiple 
single-day admissions, once under such treatment, it is likely that at the person count 
level, the degree of underestimation is even less than 6%.

In conclusion, we observed an increase in the incidence rate of ap and a fl uctuating 
incidence rate of cp between 2000 and 2005 in the Netherlands. On average, the mor-
tality rate for both ap and cp remained fairly stable between 1995-2005. Both incidence 
and mortality rates increase markedly by age and are lower for international standard 
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populations. Therefore, in light of the continuing ageing of the Dutch population, pa-
tient burden and health care costs will most probably increase.
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Appendix

Stratum-specifi c multipliers* for pancreatitis incidence estimates derived from the 
Dutch hospital discharge registry

Male   Female   

Country of origin Country of origin

Age cohort Netherlands Non-Western Western Netherlands Non-Western Western

0-4 1.22 1.33 1.25 1.21 1.31 1.24

5-9 1.34 1.62 1.39 1.32 1.59 1.36

10-14 1.28 1.57 1.32 1.26 1.56 1.31

15-19 1.31 1.92 1.41 1.38 2.05 1.51

20-24 1.71 2.92 2.03 2.03 3.05 2.38

25-29 1.92 3.02 2.18 1.89 2.77 2.07

30-34 1.76 2.84 2.01 1.66 2.37 1.83

35-39 1.57 2.64 1.74 1.49 2.06 1.61

40-44 1.43 2.33 1.50 1.37 1.85 1.43

45-49 1.34 2.08 1.38 1.30 1.76 1.34

50-54 1.30 1.83 1.34 1.28 1.63 1.32

55-59 1.25 1.77 1.26 1.24 1.63 1.25

60-64 1.19 1.67 1.22 1.18 1.48 1.21

65-69 1.16 1.64 1.20 1.17 1.43 1.20

70-74 1.15 1.42 1.18 1.17 1.37 1.20

75-79 1.14 1.26 1.16 1.20 1.32 1.23

80-84 1.11 1.17 1.12 1.22 1.28 1.22

≥ 85 1.05 1.07 1.06 1.13 1.18 1.13

* Stratum-specifi c multipliers compensate for linkage failure of the Hospital Discharge Register with the Population 
Register. For each stratum the multiplier was calculated by dividing the total number of citizens in the Dutch Popula-
tion Registry throughout the 1995-2005 observation period by the number of persons that were always uniquely 
identifi able in the same period based on sex, age and the postal code. Persons who emigrated or immigrated during 
the observation period were excluded from these calculations.
The strata (sex, 5-year age cohorts, country of origin) and their levels were chosen such that zero numbers of always 
uniquely identifi able pancreatitis cases were kept to the minimum. Compensation for linkage failure will be less suc-
cessful, if a stratum has no always uniquely identifi able pancreatitis case.26

 incidence and mortality of acute and chronic pancreatitis 



80

References

1 Brown A, Young B, Morton J, Behrns K, Shaheen N. Are health related outcomes in acute pancreati-
tis improving? An analysis of national trends in the U.S. from 1997 to 2003. JOP 2008; 9: 408-14.

2 Eland IA, Sturkenboom MJ, Wilson HP, Stricker BH. Incidence and Mortality of Acute Pancreatitis 
between 1985 and 1995. Scand J Gastroenterol 2000; 35: 1110-6.

3 Floyd A, Pedersen L, Nielsen GL, Thorladcius-Ussing O, Sorensen HT. Secular trends in incidence 
and 30-day case fatality of acute pancreatitis in North Jutland County, Denmark: a register-based 
study from 1981-2000. Scand J Gastroenterol 2002; 37: 1461-5.

4 Frey CF, Zhou H, Harvey DJ, White RH. The incidence and case-fatality rates of acute biliary, alco-
holic, and idiopathic pancreatitis in California, 1994-2001. Pancreas 2006; 33: 336-44.

5 Goldacre MJ, Roberts SE. Hospital admission for acute pancreatitis in an English population, 1963-
98: database study of incidence and mortality. BMJ 2004; 328: 1466-9.

6 Levy P, Barthet M, Mollard BR, Amouretti M, Marion-Audibert AM, Dyard F. Estimation of the preva-
lence and incidence of chronic pancreatitis and its complications. Gastroenterol Clin Biol 2006;  
30: 838-44.

7 Lindkvist B, Appelros S, Manjer J, Borgstrom A. Trends in incidence of acute pancreatitis in a Swed-
ish population: is there really an increase? Clin Gastroenterol Hepatol 2004; 2: 831-7.

8 Roberts SE, Williams JG, Meddings D, Goldacre MJ. Incidence and case fatality for acute pancreatitis 
in England: geographical variation, social deprivation, alcohol consumption and aetiology--a record 
linkage study. Aliment Pharmacol Ther 2008; 28: 931-41.

9 Shaddique S, Cahill RA, Watson RG, O’connor J. Trends in the incidence and signifi cance of presen-
tations to the emergency department due to acute pancreatitis. Eur J Emerg Med 2006; 13: 209-13.

10 Singla A, Simons J, Li Y, et al. Admission volume determines outcome for patients with acute pan-
creatitis. Gastroenterology 2009; 137: 1995-2001.

11 Spanier BW, Dijkgraaf MG, Bruno MJ. Trends and forecasts of hospital admissions for acute and 
chronic pancreatitis in the Netherlands. Eur J Gastroenterol Hepatol 2008; 20: 653-8.

12 Tinto A, Lloyd DA, Kang JY, et al. Acute and chronic pancreatitis--diseases on the rise: a study of 
hospital admissions in England 1989/90-1999/2000. Aliment Pharmacol Ther 2002; 16: 2097-105.

13 Yadav D, Lowenfels AB. Trends in the epidemiology of the fi rst attack of acute pancreatitis: a sys-
tematic review. Pancreas 2006; 33: 323-30.

14 Yang AL, Vadhavkar S, Singh G, Omary MB. Epidemiology of alcohol-related liver and pancreatic 
disease in the United States. Arch Intern Med 2008; 168: 649-56.

15 Jupp J, Fine D, Johnson CD. The epidemiology and socioeconomic impact of chronic pancreatitis. 
Best Pract Res Clin Gastroenterol 2010; 24: 219-31.

16 Spanier BW, Dijkgraaf MG, Bruno MJ. Epidemiology, aetiology and outcome of acute and chronic 
pancreatitis: An update. Best Pract Res Clin Gastroenterol 2008; 22: 45-63.

17 Yadav D, Ng B, Saul M, Kennard ED. Relationship of serum pancreatic enzyme testing trends with 
the diagnosis of acute pancreatitis. Pancreas 2011; 40: 383-9.

18 Frossard JL, Steer ML, Pastor CM. Acute pancreatitis. Lancet 2008; 371: 143-52.
19 Talukdar R, Vege SS. Recent developments in acute pancreatitis. Clin Gastroenterol Hepatol 2009; 7: 

S3-S9.
20 Wu BU, Conwell DL. Acute pancreatitis part I: approach to early management. Clin Gastroenterol 

Hepatol 2010; 8: 410-6.
21 Wu BU, Conwell DL. Acute pancreatitis part II: approach to follow-up. Clin Gastroenterol Hepatol 

2010; 8: 417-22.

ch apter 4



81

1

22 Eland IA, Sturkenboom MC, van der Lei J, Wilson JH, Stricker BH. Incidence of acute pancreatitis. 
Scand J Gastroenterol 2002; 37: 124.

23 Whitcomb DC. Acute Pancreatitis. N Engl J Med 2006; 354: 2142-50.
24 Braganza JM, Lee SH, McCloy RF, McMahon MJ. Chronic pancreatitis. Lancet 2011; 377: 1184-97.
25 Conwell DL, Banks PA. Chronic pancreatitis. Curr Opin Gastroenterol 2008; 24: 586-90.
26 Van Sijl M, De Ree J. Ophogen op persoonsniveau van gegevens van de Landelijke Medische 

Registratie gekoppeld met de GBA. Voorburg: Central Commission of Statistics, internal report 
0160- 05-SOO.

27 Ahmad OB, Boschi-Pinto C, Lopez AD, Murray CJL, Lozano R, Inoue M. Age standardization of rates: 
a new WHO standard. Geneva: World Health Organization, GPE discussion paper series no. 31, 2001.

28 Rothman KJ, Greenland S. Modern epidemiology. Philadelphia: Lippincott Raven Publishers, 1998.
29 Birgisson H, Moller PH, Birgisson S, et al. Acute pancreatitis: a prospective study of its incidence, 

aetiology, severity, and mortality in Iceland. Eur J Surg 2002; 168: 278-82.
30 Ellis MP, French JJ, Charnley RM. Acute pancreatitis and the infl uence of socioeconomic deprivation. 

Br J Surg 2009; 96: 74-80.
31 Gislason H, Horn A, Hoem D, et al. Acute pancreatitis in Bergen, Norway. A study on incidence, 

etiology and severity. Scand J Surg 2004; 93: 29-33.
32 Lankisch PG, Assmus C, Maisonneuve P, Lowenfels AB. Epidemiology of pancreatic diseases in 

Luneburg County. A study in a defi ned german population. Pancreatology 2002; 2: 469-77.
33 Dite P, Stary K, Novotny I, et al. Incidence of chronic pancreatitis in the Czech Republic. Eur J Gastro-

enterol Hepatol 2001; 13: 749-50.
34 Gardner TB, Vege SS, Chari ST, et al. The eff ect of age on hospital outcomes in severe acute pancrea-

titis. Pancreatology 2008; 8: 265-70.
35 Lowenfels AB, Maisonneuve P, Cavallini G, et al. Prognosis of chronic pancreatitis: an international 

multicenter study. International Pancreatitis Study Group. Am J Gastroenterol 1994; 89: 1467-71.
36 Thuluvath PJ, Imperio D, Nair S, Cameron JL. Chronic pancreatitis. Long-term pain relief with or 

without surgery, cancer risk, and mortality. J Clin Gastroenterol 2003; 36: 159-65.
37 Lankisch PG, Breuer N, Bruns A, Weber-Dany B, Lowenfels AB, Maisonneuve P. Natural history of 

acute pancreatitis: a long-term population-based study. Am J Gastroenterol 2009; 104: 2797-805.
38 Spanier BW, Schreuder D, Dijkgraaf MG, Bruno MJ. Source validation of pancreatitis-related hospi-

tal discharge diagnoses notifi ed to a national registry in the Netherlands. Pancreatology 2008; 8: 
 498-503.

 incidence and mortality of acute and chronic pancreatitis 





83

1 Department of Gastroenterology and Hepatology

2  Department of Clinical Epidemiology, Biostatistics and Bioinformatics Academic Medical Center, Amster-

dam

Trends and forecasts of hospital

admissions for acute and chronic

pancreatitis in the Netherlands

eur j  ga stroenterol hepatol 2008;20:653-8

B.W. Marcel Spanier1

Marcel G.W. Dijkgraaf2

Marco J. Bruno1

chapter  3

83

Clinical aspects

of acute pancreatitis 

part  2
pancreatitis in the netherlands: a nation wide record-linked cohort study





85

1 Department of Gastroenterology and Hepatology, Rijnstate Hospital, Arnhem

2 Department of Gastroenterology and Hepatology, Erasmus Medical Center, Rotterdam

3 Department of Gastroenterology and Hepatology, Academic Medical Center, Amsterdam

Enteral nutrition and acute pancreatitis: 

A review

ga stroenterol res pr act 2011:857949

B.W. Marcel Spanier1

Marco J. Bruno2

Elisabeth M.H. Mathus-Vliegen3

chapter  5





87

2

Abstract

introduction  In patients with acute pancreatitis nutritional support is required if 
normal food cannot be tolerated within several days. Enteral nutrition is preferred over 
parenteral nutrition. We reviewed the literature about enteral nutrition in acute pan-
creatitis.

methods  A MEDLINE search of the English language literature between 1999-2009. 

results  Nasogastric tube feeding appears to be safe and well-tolerated in the majority 
of patients with severe acute pancreatitis, rendering the concept of pancreatic rest less 
probable. Enteral nutrition has a benefi cial infl uence on the outcome of acute pancrea-
titis and should probably be initiated as early as possible (within 48 hours). Supplement-
ation of enteral formulas with glutamine or prebiotics and probiotics cannot routinely 
be recommended.

conclusions  Nutrition therapy in patients with acute pancreatitis emerged from 
 supportive adjunctive therapy to a pro-active primary intervention. Large multicenter 
studies are needed to confi rm the safety and eff ectiveness of nasogastric feeding and 
to investigate the role of early nutrition support.

5
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Introduction

Acute pancreatitis (ap) ranges from a mild and self limiting disease (80%), which usu-
ally resolves spontaneously within days, to a rapidly progressive fulminant illness with 
signifi cant morbidity and mortality.1, 2 The two most common etiological factors, repre-
senting more than 80% of cases, are gallstones and alcohol abuse.1, 3

The clinical course of an attack of ap varies from a short period of hospitalization 
with supportive care to prolonged hospitalization and admittance to an Intensive Care 
Unit (ICU) because of the development of systemic infl ammatory response syndrome, 
multi organ failure (MOF), and septic complications. Overall, in about 15% to 20% of 
 patients, ap progresses to a severe illness with a prolonged disease course. These se-
verely ill patients may develop organ failure and/or local complications such as pancrea-
tic necrosis. In patients with necrotizing pancreatitis the mortality is close to 17%, with 
a mortality of 12% in the case of sterile necrosis and up to 30% in infected necrosis1.

Usually, the initial treatment of ap consists of a nil per os (NPO) regimen and the 
administration of analgesics and ample intravenous fl uids.1, 2, 4 The rationale for a period 
without food intake is the assumption that pancreatic stimulation by enteral feeding 
may aggravate pancreatic infl ammation. The validity of this concept of ‘pancreatic rest’ 
is heavily debated.5-7 Moreover, many patients are anorectic and may suff er increasing 
pain sensations when eating and from ileus-related nausea and vomiting. The resump-
tion of oral feeding depends on the improvement of abdominal pain, absence of nausea 
and vomiting, and return of appetite. Nutritional support is required in those patients 
who cannot tolerate normal food within several days.1, 4, 8, 9

To date, there is substantial scientifi c proof that enteral feeding is superior to total 
parenteral nutrition (TPN).5, 6, 10-15 The benefi cial eff ects of enteral feeding on mucosal 
integrity and the prevention of bacterial overgrowth may well explain the superiority of 
enteral feeding over TPN.16, 17 Enteral feeding signifi cantly reduces the risk of infections, 
lowers the need for surgical interventions and reduces the length of hospital stay.5, 6, 10-12, 

15, 18 Recently, Petrov et al. concluded in their meta-analysis that mortality is signifi cantly 
reduced when patients with a predicted severe ap are fed enterally.14 Importantly, this 
reduction of mortality in patients with a severe ap may also be related to the timing 
of the start of nutrition, within 48 hours aft er admission.13 Whenever enteral nutrition 
is initiated, issues such as the ideal composition, timing, and route of delivery should 
be considered, as they may all impact on the outcome of ap. Patients who are unable 
to tolerate enteral nutrition need to be managed with TPN until such time that they 
can tolerate enteral feeding.9 In this review an update is given about several aspects of 
 enteral nutrition in mild and severe ap.
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enter al nutrition and acute pancreatitis: a review

Pancreatic rest and pancreatic secretion

Eff orts to keep up with the increased energy demands in the case of ap is thwarted by 
the adage to put the pancreas at rest and the avoidance of pancreatic stimulation via 
gut luminal nutrition. As mentioned in the introduction this adage merits reconsid-
eration. The concept of ’putting the pancreatic to rest’ assumes that pancreatic rest 
promotes healing, decreases pain, and reduces secretion and leakage of pancreatic 
juices in pancreas parenchyma and peripancreatic tissue.19 The concept of pancreatic 
rest originates from the classic work of Ragins et al. based on a canine model.20 They 
demonstrated that jejunal feeding did not stimulate pancreatic secretion as opposed to 
intragastric or intraduodenal feeding. However, this concept of ‘putting the pancreas 
to rest’ dis regards the persistence of basal pancreatic exocrine secretion. Of the three 
components of pancreas secretion (protein enzymes, fl uid volume and bicarbonate), 
protein enzyme output is responsible for autodigestion of the gland and perpetuation 
of the infl ammatory process.19 Suppression of protein enzyme output alone with con-
tinued bicarbonate and fl uid volume output may therefore be adequate in putting the 
pancreas to rest.

Physiology of pancreatic secretion.
Basal enzyme secretion is 20% of maximal enzyme secretion and is regulated by cho-
linergic and cholocystokinin (CCK)-mediated mechanisms. Feeding by mouth increases 
pancreas secretion by involving three levels of stimulation via three interrelated phases: 
the cephalic, gastric and intestinal phase.21, 22 The cephalic phase is mediated through 
direct cholinergic stimulation by the vagus nerve on pancreatic acinar cells. The vagus 
also acts indirectly by stimulating gastrin release from the antrum and vasoactive intes-
tinal peptide (VIP) release from the small intestine. The gastric phase of pancreatic se-
cretion has not been fully elucidated. Gastrin aff ects pancreatic secretion by two mech-
anisms: gastric acid secretion, resulting in secretin secretion when a low pH reaches 
the duodenum and a direct eff ect of gastrin on acinar cells to produce an enzyme-rich 
secretion. The intestinal phase accounts for the majority of postprandial exocrine pan-
creatic secretory output and is orchestrated by multiple mediators: vagus nerve, CCK 
and VIP, a secretin-like hormone, and cholinergic enteropancreatic refl exes.

Human pancreatic enzyme output reaches maximal rates following a mixed meal of 
20 kcal/kg body weight.23, 24 The duration of the response increases with greater caloric 
load. The pancreatic response is also infl uenced by the physical properties of the meal: 
mixed solid-liquid meals induce a higher response than liquid or homogenized meals with 
a similar energy content. In both instances, the rate of gastric emptying and thus duo-
denal delivery of nutrients are the key factors which determine the duration of the pan-
creatic secretion. Proportion of fat, carbohydrate and protein contents within a meal also 
infl uence the duration and enzyme composition of the pancreatic response in humans.
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Pancreatic secretion with total enteral nutrition.
Recent human studies show that all common forms of enteral nutrition (EN) to some 
extent stimulate the pancreas and only parenteral nutrition avoids pancreatic stimula-
tion.25, 26 Considerable evidence exist that the degree to which the pancreas is stimu-
lated by EN is determined by the site in the gastrointestinal tract at which feedings are 
infused. Feeding infused into the jejunum beyond the ligament of Treitz may bypass the 
cephalic, gastric and intestinal phase of stimulation of pancreatic secretion, is less like-
ly to stimulate CCK and secretin, and may stimulate inhibiting polypeptides.27-29 It has 
been demonstrated in human studies during jejunal feeding, that pancreatic enzyme 
output increased signifi cantly over basal levels when it was delivered at the ligament of 
Treitz, whereas there was no signifi cant increase during more distal jejunal feeding, 60 
cm beyond the ligament of Treitz.30 A more recent study in healthy volunteers showed 
that EN can be given without stimulating pancreatic trypsin secretion provided that it is 
delivered into the mid-distal jejunum.31 Feeding from 20 to 120 cm beyond the ligament 
of Treitz had no stimulatory eff ect.

Also the composition of the infused feeds is important. There is considerable evi-
dence to support an added benefi t of elemental formulae for putting the pancreas to 
rest compared to standard formulae with intact protein or blenderized diets.19 Elemental 
diets cause less stimulation than standard formulas, because of their low fat content, 
the presence of free aminoacids in stead of intact proteins which bind to free trypsin in 
the gut, causing trypsin levels to fall, and less acid production from the stomach.

Outcomes of pancreatic rest.
Whether pancreatic rest has a role to play in patients with severe ap is still uncertain, as 
no well-powered randomized, prospective studies have been carried out to address this 
specifi c question.6 Whether pancreatic rest is at all needed is questioned by the results 
of several studies comparing nasogastric with nasojejunal feeding in severe ap, as nas-
trogastric feeding appears to be safe and well-tolerated.32, 33

Putting the pancreas to rest is based on the assumption that the infl amed and/or 
necrotic pancreas is still a secretor of activated enzymes once stimulated. Animal stud-
ies have shown that pancreatic exocrine secretion in experimental ap in response to 
CCK stimulation is suppressed.34 A small prospective study showed pancreatic exocrine 
insuffi  ciency to be common in patients recovering from severe ap; its severity correlated 
with the extent of pancreatic necrosis.35 Another study demonstrated that trypsin secre-
tion in ap patients, especially with necrotizing ap, is signifi cantly suppressed compared 
to healthy individuals. However, despite these low rates of luminal secretion, the rate 
of appearance of newly synthesized trypsin was unchanged.36 Thus, a more likely alter-
native explanation for the absence of exacerbation of the disease during EN is that the 
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pancreas becomes less responsive to EN stimulation during an attack of ap and that the 
secretory response to EN is suppressed to basal rates.34, 37 However, there is still some 
doubt whether the pancreatic secretion is fully suppressed. Overall, the concept of pan-
creatic rest seems to be less probable.

Outcomes of nutritional support

Nutritional therapy in the past has been governed by the principle that the gut should 
be put at rest with avoidance of any stimulation of pancreatic exocrine secretion. These 
concepts should now be replaced by the principle that pancreatic stimulation should be 
reduced to basal rates, but that gut integrity should be maintained and that the stress 
response should be contained to reduce the likelihood of multi organ failure, nosoco-
mial infections and mortality.38

The question remains if nutritional support is benefi cial for the outcome of ap.  Powell 
et al. published the only randomized controlled trial comparing EN with no nutritional 
support and studied the eff ect of early EN on the markers of infl ammatory response in 
severe ap.39 Nutrition therapy provided by the enteral route did not have a more favor-
able impact on patient outcome than standard therapy as no diff erences were found 
between the two groups with respect to overall complications, length of hospital stay or 
the time to resuming an oral diet. Serum markers of infl ammation appeared to be lower 
in the group receiving EN compared with those randomized to standard therapy, but 
none of the diff erences was statistically signifi cant. The fi ndings of this study suggest 
that low caloric EN does not modify the infl ammatory response in severe ap, but limits 
in the design of the study should be mentioned: only 21% of the caloric requirements 
were infused in the EN group, the study duration was only 4 days, and small numbers 
of patients were recruited.

As already mentioned the pancreas is in a state of unresponsiveness during an  attack 
of ap and the secretion of pancreatic juice and trypsin is reduced during ap.34, 37 Ecker-
wall et al. investigated the role of immediate oral feeding versus fasting in 60 patients 
with ap.40 All patients received initial aggressive fl uid resuscitation to maintain intravas-
cular circulatory volume, microcirculation and renal function, thereby minimizing the 
extent of ischemia and reperfusion injury. Compared to the fasting patients, the orally 
fed group had a signifi cantly shorter period of intravenous fl uids, less days of fasting 
and a 2-day earlier introduction of solid foods, with no diff erences in blood chemistry, 
gastrointestinal symptoms, complications and interventions. The orally fed group had a 
signifi cant 2-day shorter length of hospital stay without diff erences in recurrent attacks 
of pancreatitis in a follow-up of 3 months.

enter al nutrition and acute pancreatitis: a review
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Modifications of enteral nutrition

Standard composition: elemental, semi-elemental or polymeric formulas.
Few studies to date compare the results of feeding elemental, semi-elemental and 
polymeric diets to patients with ap.7, 15 Elemental formula are completely pre-digested 
and consist of aminoacids, simple sugars and enough fat to prevent essential fatty acid 
defi ciency. Semi-elemental formulas required less digestion than polymeric foods and 
contain peptides of varying chain length, simple sugars, glucose polymers or starch and 
fat primarily as medium chain triglycerides. Polymeric feeds contain non-hydrolyzed 
proteins, complex carbohydrates and long chain triglycerides. Based on the assumption 
that elemental and semi-elemental formulas cause less pancreatic stimulation than 
standard formulas, most EN studies have used an elemental or a semi-elemental for-
mula. It would seem that the location of the enteral tube is just as important as the 
type of enteral formulas in stimulating pancreatic secretion. Few data exist on the use 
of standard enteral formula in such patients. Both Windsor et al. and Pupelis et al. have 
shown that polymeric formula can be safely fed through jejunal tubes in ap patients.17, 

41 In a longitudinal study by Makola et al. 126 patients received standard formula via a 
jejunal tube which was inserted through a percutaneous endoscopic gastrostomy (PEG-
J)42. The standard enteral formula resulted in both a signifi cant decrease of the me-
dian CT severity index and increase of serum albumin compared from baseline to the 
time of tube removal. Few studies have defi ned the benefi ts of semi-elemental versus 
polymeric formulas in severe ap. In 1989 Cravo et al. found a similar tolerance in 102 
patients with ap given semi-elemental versus polymeric formulas.43 Tiengou et al. com-
pared in a randomized trial semi-elemental and polymeric formulas in 30 ap patients.44 
Both formulas were well tolerated and well absorbed, but the semi-elemental group 
had less weight loss and a shorter length of hospital stay compared with the polymeric 
group. Recently, Petrov et al. conclude from their adjusted meta-analysis that the use of 
polymeric, compared with (semi)elemental formulation does not lead to a signifi cantly 
higher risk of feeding intolerance, infectious complications or death in ap patients.45 It 
should be remembered that (semi)elemental feeds are sevenfold as expensive as poly-
meric feeds. In summary, the evidence base to just use (semi)elemental formulas be-
comes less clear.

Use of supplements in enteral nutrition.
Although the use of glutamine supplementation, immunonutrition and prebiotics and/
or probiotics are conceptually sound and attractive, their use are not supported by large 
scale studies.15, 46, 47

Two studies evaluated the use of immune-enhancing formulas, containing gluta-
mine, arginine and fi bers or glutamine, arginine, -3 fatty acids, vitamins and micronu-
trients.48, 49 Hallay et al. compared the eff ect of a glutamine-rich with a non-glutamine-

ch apter 5



93

2

rich enteral formula on immunologic parameters in 16 patients with ap.48 The recovery 
of immunological parameters was better and the time of disease recovery shorter in the 
glutamine-treated group. Pearce and et al. supplemented in a randomised controlled 
trial arginine, glutamine, -3 fatty acids and anti-oxidants in 31 patients with severe 
ap.49 Surprisingly, an increase in CRP was found in the study group compared with the 
control group. No signifi cant diff erence in the length of hospital stay was observed. 
Although a lower incidence of pneumonia and MOF, and shorter length of ICU- and 
hospital stay was observed in the immunonutrition group, none of these diff erences 
reached statistical signifi cance.

Lasztity et al. randomly administered -3 fatty acids enterally to 28 patients with 
moderately severe ap.50 Supplementation signifi cantly lowered the length of hospital 
stay and the duration of nutritional therapy, without a signifi cant decrease in overall 
complication rate.

Karakan et al. performed the only study to look at a possible role of prebiotics in the 
attenuation of the severity of ap.51 They found a signifi cantly reduction in hospital stay 
and duration of the acute phase response in patients receiving prebiotics compared 
with controls. The study comprised only 30 patients and needs confi rmation in larger 
series.

Probiotics might prevent infectious complications by reducing small-bowel bacterial 
overgrowth, restoring gastrointestinal barrier function and modulating the immune sys-
tem.52-54 Olah et al. demonstrated that Lactobacillus plantarum (probiotic) in conjunction 
with oat fi ber (prebiotic) was successful in reducing septic complications (4.5%) versus 
control (30%) in patients with ap, suggesting that the probiotic therapy enhances the 
eff ect of EN in reducing infectious morbidity, however, without a diff erence in length of 
hospital stay.55 Olah et al. also studied four diff erent prebiotics and probiotics, contained 
in Synbiotic 2000, and found a decrease in infl ammatory response and multi-organ fail-
ure in the presence of severe ap.56 Besselink et al. performed the only large scale multi-
center randomized trial in which 298 patients with a predicted severe ap were randomly 
assigned to receive a multispecies (Lactobacilli and Bifi dobacterium) probiotic prepara-
tion or placebo administered enterally.57 There was no diff erence in the rate of infectious 
complications, however in the probiotic group the incidence of MOF and the mortality 
(16% versus 6%) was signifi cantly higher.58 Nine patients in the probiotics group devel-
oped bowel ischaemia, but none in the placebo group. The pathophysiological mecha-
nism that explains why bowel ischaemia developed in patients  having had probiotics is 
unclear, but based on these unexpected study results the use of probiotic prophylaxis 
in patients with predicted severe ap is highly discouraged. Petrov et al. conclude in 
their systematic review that supplementation of EN with immunonutrition or probiotics 
does not signifi cantly improve clinically outcomes and their use is not recommended.45 
Fibre-enriched formulation may be safely administered, but an adequately powered RCT 
is warranted.
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In conclusion, specifi c supplements added to EN such as arginine, glutamine, -3 poly-
unsaturated fatty acids and prebiotics may be associated with a positive impact on 
outcome, but studies are too few and underpowered to make strong treatment recom-
mendations.15, 47 Probiotics should not be administered routinely in patients with pre-
dicted severe ap.

Timing of enteral support

The precise timing for initiating enteral support has not been specifi cally addressed in 
the pancreatitis population, but has been studied to a large extent in the critically ill 
population.

The delivery EN to critically ill patients early upon admission to the ICU alters physi-
ology in a way that down regulates systemic immunity, reduces overall oxidative stress, 
and improves patient outcome.59 Early EN started prior to 48 hours from admission in 
critically ill patients is associated with a signifi cant 24% reduction in infectious compli-
cations and a 32% reduction in mortality compared wit delayed feedings started aft er 
that point time.59, 60

Marik and Zaloga found in their meta-analysis that ‘early’ EN (within 36 hours) versus 
delayed EN (aft er 36 hours) delayed infectious complications and reduced the length of 
hospital stay in head injury, trauma, burns, postoperative and medical ICU patients.61 
However, caution must be exercised when making inferences about patients with pan-
creatitis based on information that is gathered from the critically ill.

Recently, Petrov et al. conducted a systematic review of randomized controlled trials 
on the eff ect of EN versus TPN in patients with mild and severe ap with regard to the 
timing of nutrition support.13 EN started within 48 hours of admission resulted in a sig-
nifi cant reduction in multi organ failure, pancreatic infectious complications and mor-
tality. These signifi cant diff erences between EN versus TPN faded away when nutrition 
support started aft er 48 hours of admission. So EN started within 48 hours of admission 
may be benefi cial and a randomized controlled trial, which has been started, may give 
a more defi nite answer.

Route of enteral nutrition support 
and tolerance of enteral feeding

Per oral ingestion of nutrients is oft en hampered by abdominal pain with food aversion, 
nausea, vomiting, gastric atony and paralytic ileus or by partial duodenal obstruction 
from pancreatic gland enlargement.19 The application of early EN may be limited by the 
severity of the pancreatitis attack and the occurrence of ileus.
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Traditionally, ap management involved fasting the patient until resolution of symptoms. 
Recent work has suggested that EN via a jejunal tube is safe and may increase anti-
oxidant activity, reduce the acute phase response and the magnitude of the infl amma-
tory response.17

Most of the feeding tubes are placed as nasojejunal tube using an endoscopic or a 
radiologic procedure. Alternatively, especially if the expected period of feeding is 4-6 
weeks or more, laparoscopic or radiologic jejunal feeding tubes can be placed. Tolerance 
is defi ned by the provision of adequate feeding without ill eff ects. Tolerance is primary 
determined by the balance between feeding into the gastrointestinal tract which can 
be in a state of partial ileus, and providing enteral nutrients while causing only minimal 
stimulation of pancreatic exocrine secretion. Therefore, patients with nasointestinal 
tubes placed at or below the ligament of Treitz should be monitored very closely for 
evidence of tube migration as well as evidence of intolerance such as high residual 
volume, nausea and vomiting, diarrhea or aspiration of feeding formula. A wide range 
of tolerance to EN exists irrespective of known infl uences such as mode (continuous or 
bolus) and level of infusion within the gastrointestinal tract (gastric versus post pyloric). 
In patients operated on for complications of ap, continuous infusion appeared to be 
safer and reduced the stimulation of the pancreas better than bolus infusion.62 How-
ever, insuffi  cient data do not allow a determination of whether continuous or bolus 
infusion is superior.

Aft er an feasibility study, Eatock et al. performed a randomized controlled study of 
early nasogastric versus nasojejunal feeding in severe ap.63, 64 They discovered a surpris-
ing tolerance to nasogastric feeding and recommended that nasogastric feeding should 
be considered a therapeutic option because of its simplicity, obviating the need for 
 endoscopic, radiologic procedures. Eatock’s study, however, had several limitations, one 
of them being the failure to fl uoroscopically confi rm that the nasojejunal tubes were 
appropriately positioned in the jejunum. There is no indication whether the nasojejunal 
tubes were placed distal enough (at least 60 cm from the ligament of Treitz) to avoid 
gastric and pancreatic stimulation. The failure to fi nd a diff erence may have been relat-
ed to continued gastric and duodenal stimulation occurring in both groups of patients. 
Similar fi ndings from randomized studies were reported by Kumar et al. (nasogastric 
versus nasojejunal) and Eckerwall et al. (nasogastric versus TPN).65, 66

Jiang et al. included the 3 RCTs, involving 131 patients, in a meta-analysis.32 The pri-
mary outcome of eff ectiveness was overall mortality, secondary outcomes of eff ective-
ness were hospital stay, complications and their management. Outcome measure of 
safety was the occurrence of pain on refeeding and adverse events related to nasogas-
tric EN. The comparator intervention was early EN through a nasogastric tube, the con-
trol intervention was one of the conventional pancreatic-rest nutritional support routes 
of total parenteral or intrajejunal feeding. The meta-analysis showed no signifi cant dif-
ferences in mortality rate between nasogastric and conventional routes  (nasojejunal 
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and parenteral feeding). Also, other outcomes were not diff erent such as length of hos-
pital stay, infectious complications, multi organ failure, rate of admissions to the ICU 
or conversion to surgery. Also, the recurrence of pain on refeeding, and adverse events 
associated with nutrition were similar.

Petrov et al. performed an extended systematic review which included the 3 RCTs 
included in the Jiang meta-analysis and the study of Eatock.33 They also concluded that 
nasogastric feeding appeared to be safe and well tolerated in the majority (79%) of 
patients. The aggregated data from the two RCTs comparing nasogastric to nasojejunal 
feeding showed no statistically signifi cant diff erence in mortality and tolerance. Both 
meta-analysis conclude that a well powered randomized trial on nasogastric versus 
 nasojejunal feeding is indicated to provide a more fi rm and conclusive evidence to rec-
ommend nasogastric feeding as routine clinical practice in patient with ap.

Timing and nutrient composition of oral support

Data about when to resume oral feeding in patients with ap or the optimal nutrient com-
position are scare.40, 67, 68 The usual criteria to initiate oral feeding are 1) absence of ab-
dominal pain; 2) absence of nausea and vomiting, and return of appetite, and 3) absence 
of complications. It is possible that the recurrence of pain during the re-introduction of 
the oral diet is related to ingestion of larger volumes rather than to ongoing or renewed 
intrapancreatic release of enzymes.64 Usually, patients are re-fed small amounts of food 
frequently during the day and the total number of daily calories is gradually increased 
over a three to six day period.69 Therefore, feeding is oft en begun using a clear liquid a 
diet for the fi rst 24 hours. If tolerated the diet is advanced to soft  low fat diet over the 
next 24 hour and then to a low fat solid diet. No clinical trials evaluating these routines 
are available. A low fat diet is advised when oral intake is resumed in patients recover-
ing from ap. This is based on the observation that intraduodenal lipids increase volume, 
bicarbonate, trypsin and amylase output in volunteers.70 Besides the presumed stimu-
lation of pancreas exocrine secretion by fat, there might be another reason to post-
pone fat intake. Pancreatic lipase is less stable than other pancreatic enzymes against 
acid denaturation and destruction by pepsin and pancreatic proteases, in particularly 
by  chymotrypsin present in chime. This may render lipid digestion more vulnerable in 
pathologic conditions.71, 72 Trypsin is not inactivated by acid but only by pepsin.

Tolerance to advancement to oral diets was evaluated in 274 patients at the point 
at which abdominal pain had resolved and ileus had subsided.73 Sixty patients (21.9%) 
experienced pain relapse and 47 of these 60 subjects pain relapsed within 48 hours 
of commencement of oral feeding. No pain relapse or pain occurred in those patients 
randomized to jejunal tube feedings, started a median of 7 days aft er the onset of symp-
toms.74 However, in 4 of the 15 patients (27%) randomized to oral bolus feedings aft er a 
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median of 5 days aft er the onset of symptoms, pain on refeeding was associated with 
longer duration of initial pain and a higher severity index on CT. Levy et al. came to the 
same conclusion in a large number of 116 patients.69 According to the Ranson score ≥ 3, 
35% had a severe ap, and according to the Balthazar CT score > D this was the case in 
42% of patients. Twenty-one per cent of patients had a relapse of pain. The risk of pain 
relapse increased if serum lipase was greater than three times normal the day before 
the start of feeding, and was higher in patients who had a longer duration of pain (11 
days versus 6 days) and in patients who had a worse CT score (Balthazar score greater 
than D). The exacerbation of symptoms resulted in doubling of the length of stay in hos-
pital (from 18 to 33 days). Chebli et al. found a similar number of days of abdominal pain 
before oral refeeding in those that did and did not relapse.75 Pain relapse was predicted 
by peripancreatic fl uid collection, serum CRP on the 4th day,and, serum lipase on the 
day of oral feeding.

Jacobson et al. hypothesized that patients recovering from mild ap would be dis-
charged from the hospital sooner if they resumed oral nutrition with a low fat solid diet 
compared with a clear liquid diet.67 Patients with mild pancreatitis were randomized to a 
clear liquid diet or low fat solid diet when they were ready to resume oral nutrition. Pa-
tients were monitored daily for recurrence of pain, need to stop feeding, post-refeeding 
length of hospital stay (primary endpoint) and for 28 days post-refeeding to capture 
re-admission rates. 1335 patients were assessed for eligibility and 66 allocated to a clear 
liquid diet (588 kcal, 2 g fat) and 55 to a low fat solid diet (1200 kcal, 35 g fat). Because of 
the large number of excluded patients a bias by selection may have occurred. The num-
ber of patients requiring cessation of feeding because of pain or nausea was similar (6% 
and 11%, respectively), the median length of stay aft er refeeding was similar and there 
was no diff erence in the 28-day readmission rates. Patients on the low fat diet con-
sumed signifi cantly more calories and grams of fat during their fi rst meal and on study 
day 1 (301 kcal and 2 g fat versus 622 kcal and 13 g fat, p<0.001). Initiating oral nutrition 
aft er mild pancreatitis with a low fat solid diet appeared to be safe and provided more 
calories than a clear liquid diet, but did not result in a shorter length of hospitalization. 
The abdominal pain score on the day of refeeding was associated with a failure of oral 
intake with those experiencing more pain having a higher likelihood of being made nil 
per mouth. Unfortunately, the authors failed to resolve the important question of what 
the optimal diet should be in patients recovering from mild pancreatitis. Sathiaraj et al. 
performed a randomized trial to determine the length of hospital stay and tolerance 
to oral refeeding in patients with mild ap and acute on cp when started on a soft  diet 
(n=52, 1040 kcal and 20 g fat) as compared to a clear liquid diet (n=49, 458 kcal and 11 
g fat).68 The length of hospital stay (post-refeeding and total) decreased signifi cantly on 
a soft  diet. They observed no signifi cant diff erence in the need for cessation of feed-
ing because of pain or nausea. Patients on the soft  diet consumed signifi cantly more 
calories and grams of fat during their fi rst meal and on study day 1 (921 kcal and 15 g fat 
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versus 370 kcal and 8 g fat, p<0.001). They concluded that oral refeeding with a soft  diet 
was safe and resulted in a shorter length of hospital stay. However, in both nonblinded 
studies a defi nition of when to discharge patients was not given. Hospital discharge was 
decided by the medical team without input from study team.

Guidelines of enteral nutrition in acute pancreatitis

Recently, several general practice guidelines for ap have been published.1, 4, 8, 76-78 These 
comment on nutritional management in mild and severe ap. The European Society of 
Parenteral and Enteral Nutrition (ESPEN) published a revised and comprehensive guide-
line on EN in ap in 2006.8 The several guidelines cover mostly the same recommenda-
tions. To date some of the recommendations require updating according to the best 
available evidence as discussed above. Generally, for mild ap it is recommend to initiate 
EN if patients cannot consume normal food aft er 5-7 days. For severe ap nutritional sup-
port is indicated when it becomes evident that the patient will not be able to tolerate 
oral intake for a prolonged period of time, e.g. for at least 7 days. This assessment can 
usually be made within the fi rst 3-4 days of admission. EN should be supplemented by 
parenteral nutrition if needed. Also, in severe pancreatitis with complications such as 
pancreatic fi stulas, ascites and pseudocysts, tube feeding can be given uneventfully. If 
gastric feeding is not tolerated, the jejunal route should be tried and continuous feeding 
in stead of bolus feeding should be used. In gastric outlet obstruction, feeding beyond 
the obstruction with the tube tip distal to the obstruction should be tried. If this is 
impossible, parenteral nutrition should be given. In case of surgery for complications 
of ap, an intraoperative jejunostomy for postoperative feeding is feasible. Peptid-based 
semi-elemental formulas can be used safely and standard formulae can be tried if they 
are tolerated.

Summary of recent developments

Most patients with ap have mild disease and do not need additional nutritional sup-
port during admission. According to the guidelines, nutritional support is indicated if 
patients cannot consume normal food aft er 5-7 days or when it becomes evident that 
the patient will not be able to tolerate oral intake for a prolonged period of time (7 days 
or more). When artifi cial nutrition is indicated, EN is preferred over TPN, because it 
reduces complications and mortality in ap when compared with TPN. TPN should only 
be used in patients unable to tolerate EN. It is likely that EN has a benefi cial infl uence 
on the disease course and should be initiated as early as possible (within 48 hours of 
admission). With some caution it can be stated that nasogastric tube feeding in severe 

ch apter 5



99

2

ap is possible, making the concept of pancreatic rest less probable. However, larger mul-
ticentre studies are needed to confi rm the safety and eff ectiveness of nasogastric feed-
ing when compared to nasojejunal feeding and to investigate the role of early (within 
48 hours) versus late nutrition support. Randomized controlled trails have been started 
and will hopefully give a more defi nite answer. The clinical evidence for the use of just 
(semi) elemental formulas is weak. Supplementation of enteral formulas with glutamine 
and prebiotics and the use of immune enhancing formulas cannot routinely be recom-
mended. Probiotics should not be administered routinely in patients with predicted se-
vere ap. To date, some of the recommendations as stated in the latest guidelines require 
updating according to the best available evidence.
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Summary

background  Following a nil per os regimen, most patients with acute pancreatitis 
can resume normal oral intake within one week. If not tolerated, it is recommended to 
initiate artifi cial feeding, preferably by the enteral route.

aim  To evaluate the nutritional management of patients with acute pancreatitis in a 
Dutch cohort (EARL study).

methods  Observational study in 18 hospitals. Total days of nil per os, tube feeding 
with/without oral feeding, total parenteral nutrition, and total starvation time were 
analyzed.

results  In mild acute pancreatitis, the majority of cases with a nutritional interven-
tion (117/145, 80.7%; 95% CI: 73.5-86.3) were managed with a nil per os regimen only. 
Twenty-seven patients (18.6%; 95% CI: 13.1-25.7) with mild acute pancreatitis addition-
ally received tube feeding. Of those with severe acute pancreatitis more than half of the 
patients (9/16, 56.3%; 95% CI: 33.2-76.9%,) were treated with tube feeding besides a nil 
per os regimen. Tube feeding was delivered preferably via the jejunal route. The median 
period of total starvation was two days for both mild and severe acute pancreatitis. Only 
5.5% (9/164; 95% CI: 2.9-10.1) of all patients had a prolonged starvation time of more 
than 5 days.

conclusions  The total time of starvation was limited in the majority of patients ad-
mitted for acute pancreatitis. According to international guidelines, additional nutri-
tional interventions were quickly undertaken with enteral feeding via the jejunum as 
the preferred route.

6
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Introduction

The clinical course of acute pancreatitis (ap) is mild in most cases and treatment is 
mainly supportive.1-5 Besides adequate pain management a nil per os (NPO) regimen 
oft en started.5-7 The rationale for a period without food intake is based on the assump-
tion that pancreatic stimulation by oral feeding may deteriorate pancreatic infl amma-
tion.7-9 Moreover, many patients are anorectic because of feelings of nausea and suff er 
from increased pain sensations when eating. The resumption of oral feeding depends 
on improvement of abdominal pain, absence of nausea, and return of appetite. If these 
conditions are met, patients are typically put on a clear liquid diet fi rst and, if tolerated 
well, the diet is expanded to full liquids or low-fat solids. One recent randomized trial 
showed that the resumption of a low fat solid diet aft er a mild ap attack appeared to be 
safe and provided more calories than a clear liquid diet.10 Even immediate resumption of 
oral feeding was feasible and safe in a small randomized trial.11 Several practice guide-
lines for mild ap recommend to initiate enteral nutrition, if patients cannot consume 
normal food aft er 5-7 days.6, 7, 12-15 For severe ap nutritional support is indicated when it 
becomes evident that the patient will not be able to tolerate oral intake for a prolonged 
period of time, e.g. for at least 7 days. This assessment can usually be made within the 
fi rst 3-4 days of admission.6 Tube feeding (TF) is preferred over total parenteral nutri-
tion (TPN). TF reduces signifi cantly the infection rate of necrosis and lowers the need 
for surgery in patients with severe ap.4 TPN should only be used in patients unable to 
tolerate enteral nutrition. Although not investigated for ap, it seems likely that (severe) 
undernutrition aff ects disease outcome negatively.14 Consequently, it is plausible, that 
the total starvation time during hospitalization should be kept as short as possible (e.g. 
fi ve days or less). We evaluated the nutritional management and the total starvation 
time in a Dutch cohort of patients with ap or with recurrent ap.

Methods

Study population
In August of 2003 an observational prospective multicenter cohort study in the province 
of Northern Holland was initiated (the EARL study). The period of inclusion of patients 
ended in May 2006. Patients with ap or recurrent ap were included from 18 hospitals (2 
academic hospitals and 16 general teaching hospitals). The study protocol was approved 
by all local ethics committees and informed consent was obtained from patients before 
inclusion. ap was defi ned as a clinical picture with acute epigastric pain combined with 
a serum amylase and/or lipase value of more than three times the upper limit of normal, 
and with the absence of any feature of cp. Disease severity (mild and severe ap) was 
defi ned according to the Atlanta criteria.16 Recurrent ap was defi ned as more than one 
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attack of ap in the time before inclusion and/or during the observation period. From the 
study database, we retrieved all patients with a confi rmed diagnosis of ap or recurrent 
ap together with at least one completed review of a hospital admission. As nutritional 
management in subsequent admissions for recurrent ap may be aff ected by earlier ad-
missions, only the fi rst documented hospital admission was included in the analysis.

Hospital records and nursing reports were thoroughly reviewed and study items 
were recorded in a dedicated database. The following data were retrieved from this 
study database: demographic data, etiological factors, hospitalization time, department 
of admission, presence of local complications (pseudocyst, abscess, pancreatic necro-
sis) and total days of NPO, TF with/without oral feeding, route of TF (gastric versus 
 jejunal) and use of TPN. The tolerance of the nutritional management (e.g. relapse of 
pain, nausea, vomiting) and the diff erent formulas of artifi cial nutrition prescribed and 
used by patients with tube feeding were not recorded.

NPO was defi ned as a nil per os regimen with or without drinking water (no calories, 
proteins or fat are involved). As soon as the liquids contained any amount of calories, 
this was defi ned as oral feeding. The total starvation time was defi ned as the number 
of days in which the patient did not received any enteral or parenteral feeding (calories).

The aetiology was assessed aft er a thorough review of hospital and out-patient charts 
regarding reported alcohol consumption and drug use (retrieved from hospital charts 
and study questionnaires), laboratory results (e.g. liver function tests, triglycerides, cal-
cium) and imaging procedures (e.g. ultrasound, CT, MRCP, ERCP and EUS).

CT scans of patients with severe ap were reviewed by an expert radiologist from a 
tertiary referral hospital. This re-evaluation was performed in order to prevent misclas-
sifi cation of local complications, e.g. especially the development of pancreatic or peri-
pancreatic necrosis.

The radiologist re-evaluated (blinded for the results of the original report) the pres-
ence of local complications according to the Atlanta criteria.

Statistics
In this observational study descriptive statistics were used. The analysis was performed 
for mild and severe ap admissions separately. Categorical data were reported as pro-
portions along with Wilson’s 95% confi dence intervals (95% CI) and quantitative data 
as medians with ranges. For non-normally distributed data the Mann-Whitney U test 
was used for group comparisons. To evaluate the associations between the severity 
of the course of ap on the one hand and type of nutritional intervention on the other, 
the Pearson’s Chi square test was used. To minimize low cell frequencies, data were 
meaningfully dichotomized. In case of remaining low cell frequencies below 5, either 
the Yates’s correction for continuity was applied (for n=3 or n=4) or Fisher’s exact test 
was performed (n≤2). Statistical signifi cance was defi ned as a P value less than .05. All 
statistical analyses were performed using The Statistical Package for the Social Sciences 
(SPSS) version 12.0.1 (SPSS, Chicago, IL).
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Results

Aetiology, disease course and hospital stay
From the study database 198 hospital admissions regarding 164 patients with ap or 
recurrent ap were retrieved. Twenty patients had more than one documented hospital 
admission during the study period. Only the fi rst documented admission was included 
in the present analysis.

The baseline characteristics of the study population are presented in Table 1. The 
proportion of male and female patients was the same and the median age at the fi rst 
reviewed hospital admission was 50 years (range 18-95). Almost one quarter of patients 
suff ered from recurrent attacks of ap. The most common etiological factor was a biliary 
cause (69/164, 42.1%; 95% CI: 34.8-49.7) followed by an unknown cause. Importantly, 
this latter group consisted of patients with an idiopathic pancreatitis (19/164, 11.6%; 
95% CI: 7.5-17.4), but also of patients with an (as yet) unknown cause because the di-
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Table 1 General characteristics of study population

N=164

Male (%) 82 (50)

Median age in years (range) 50 (18-95)

Acute pancreatitis
• First attack (%)
• Recurrent attacks(%)

124
40

(75.6)
(24.4)

Aetiology (%)
• Biliary
• Unknown*
• Alcohol
• Post ERCP
• Drugs
• Tumor/obstruction
• Pancreas divisum
• Hypertriglyceridemia

69
33
31
19
6
4
1
1

(42.1)
(20.1)
(18.9)
(11.6)
(3.7)
(2.4)
(0.6)
(0.6)

Course of acute pancreatitis(%)
• Mild
• Severe
 – Organ failure
 – Necrosis†
 – Abscess
 – Pseudocyst

148
16
1
10
4
1

(90.2)
(9.8)
(6.3)
(62.4)
(25)
(6.3)

* Combination of 19 patients with idiopathic pancreatitis and 14 patients with an unknown cause whereby the diag-
nostic work up for an etiological factor has not fully been completed

† Pancreatic necrosis and/or peripancreatic necrosis
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agnostic work up for an etiological factor was not fully completed (14/164, 8.5%; 95% 
CI: 5.2-13.8). Alcoholic ap was the third most common cause (31/164, 18.9%; 95% CI:13.6-
25.6). In 90.2% (148/164, 95% CI: 84.7-93.9) of cases the disease course was mild. The 
development of pancreatic necrosis was the most common local complication during 
the admissions of a severe ap [table 1]. Table 1 lists the local complications established 
aft er re-evaluation of the CT scans by the expert radiologist. Ten out of 16 patients with 
severe ap developed pancreatic necrosis and /or peripancreatic necrosis.

The majority of cases, both mild and severe, were admitted to a general teaching 
hospital, 68.2% (101/148, 95% CI: 60.4-75.2) and 56.3% (9/16, 95% CI: 33.2-76.9), respec-
tively. More than 90% (134/148, 95% CI: 84.7-94.3) of the mild ap were admitted to an 
internal medicine/gastroenterology ward, whereas half of the severe ap patients were 
clinically managed by surgeons.

Nutritional management
During almost all hospital admissions some form of nutritional intervention was carried 
out [table 2]. In the majority of cases with mild ap a NPO regimen was followed as the 
sole nutritional intervention (117/145, 80.7%; 95% CI: 73.5-86.3). The median duration of 
NPO was 2 days (range 1-12). In 17.2% (25/145, 95% CI: 12-24.2) of mild ap admissions a 
NPO regimen was combined with a period of TF (sole or combined with oral feeding) via 
the jejunal route. The median duration of TF via the jejunal route was 10 days (range 1-28). 
All jejunal feeding tubes were placed by endoscopy. Two mild ap patients received TF via 
the gastric route (5 and 6 days) and one patient received supplementary TPN for 11 days. 

Table 2 Overall nutritional management during hospital admissions for mild and severe acute pancreatitis

Mild AP 
(N=148)

Severe AP 
(N=16) P-value

No nutritional intervention(s) (%) 3 (2)  - ns

Nutritional intervention(s) (%) 145 (98) 16 (100) ns

Type of nutritional intervention
• NPO only (%)
• NPO and TF-jejunal* (%)
• NPO and TF-gastric* (%)
• TPN† (%)
• Median total starvation days (range)

117 (80.7)
25 (17.2)
2 (1.4)
1 (0.7)
2 (0-12)

3 (18.8)
9 (56.3)
-
4 (25)
2 (1-10)

<0.001‡

ns

Median % starvation time of total admission days (range)
• All admissions
• Admission >7 days

25 (0-100)
17.9 (0-70)

7.9 (1.5-57.1)
7.1 (1.5-26.7)

-
-

Abbreviations: NPO: nil per os, TF:tube feeding, TPN: total parenteral nutrition; ns: not signifi cant; -: not tested
* TF sole or combined with oral feeding; † combined with NPO and TF via the jejunal route
‡ Calculated aft er dichotomizing for NPO only versus other types with or without NPO

nutritional m anagement of acute pancreatitis
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Overall, artifi cial feeding was used in 18.9% (28/148, 95% CI:13.4-26) of mild ap admis-
sions.

In admissions for severe ap three (18.8%; 95% CI: 6.6-43) patients followed a NPO 
regimen as the sole nutritional intervention for 2,4 and 4 days, respectively. More than 
half (9/16, 56.3%; 95% CI: 33.2-76.9) of the patients followed a NPO regimen combined 
with a period of TF via the jejunal route. The median duration of TF was 31 days (range 
12-47). Four patients (25%; 95% CI: 10.2-49.5) with severe ap received supplementary 
TPN for 5,7,9 and 12 days, respectively. Overall, nutritional support by some form of 
artifi cial feeding was installed in 81.3% (13/16, 95% CI: 57-93.4) of severe ap admissions.

The observed nutritional management in mild ap admissions resulted in a median 
total starvation time of 2 days (range 0-12). One female patient was kept for 12 days on 
a NPO only regimen. She was admitted during 21 days for a mild post ERCP pancreatitis, 
resulting in a total starvation time of 57.1% (12/21, 95% CI: 36.5-75.5) of the total days 
of admission. In severe ap admissions the median total starvation time was also 2 days 
(range 1-10). The median percentage time of starvation was 25% (range 0-100) and 7.9% 
(1.5-57.1) of the total hospitalization time for mild and severe ap, respectively. When 
only the admissions of >7 days were taken into account, these percentages decrease 
to 17.9% (range 0-70) and 7.1% (range1.5-26.7), respectively. Due to the equivalence in 
starvation time for mild and severe ap these results (not tested for redundancy) coincide 
with the reported diff erence in hospital stay. In this latter subgroup, the starvation time 
was more than 5 days in 7.8% (7/90, 95% CI: 3.8-15.2) and 13.3% (2/15, 95% CI: 3.7-37.9) 
for mild and severe ap admissions. Notably, no patients had a starvation time of more 
than 5 days when admitted less than one week. Overall, 5.5% (9/164, 95% CI: 2.9-10.1) 
of all patients during admission had a prolonged starvation time of more than 5 days.

Discussion

The present report is an observational study in which the overall nutritional manage-
ment by attending physician(s) at the time of admission for ap was assessed in a Dutch 
multi-center setting. In this series, the overall nutritional management resulted in a 
limited total starvation time for the majority of the patients. In mild ap, most patients 
(80.7%) were managed by a NPO regimen only for a short period of time, whereas in se-
vere ap a NPO regimen combined with TF was the preferred choice of treatment (56.2%). 
Any form artifi cial feeding was initiated in 18.6% of mild ap and in 81.3% of severe ap 
admissions. At fi rst glance this seems in accordance with a recent Italian multicentre 
survey in which nutritional support was used in 26.7% and 80.2% for mild and severe 
ap, respectively.17 However, striking diff erences were found with regard to the choice and 
type of articifi al feeding. In the Italian study enteral nutrition was much underutilized 
and TPN, sole or in combination with enteral nutrition, was administered to 95.3% of 
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mild and severe ap patients.17 On the contrary, a recent survey in Germany concluded 
that three out of four gastroenterologists preferred enteral parenteral nutrition, but this 
study did not show whether this preference was put into practice.18

The impact of the diff erent etiological factors on the subsequent nutritional mana-
gement has not been analyzed, because of the range of diff erent aetiologies and the 
inherent small group per aetiology. Furthermore, nutritional management in ap is more 
oft en led by disease severity and to a lesser extend by the diff erent aetiologies.

In the present series the timing, type and frequency of the observed interventions 
with regard to nutritional management seem to be well in line with several practice 
guidelines for ap.6, 7, 12-15 Notably, Dutch physicians are well informed about the guide-
lines for the nutritional management in ap. In part, this is most probably the resultant of 
frequent exchanges of information during well attended consensus meetings on various 
subjects including pancreatitis by gastroenterologists and surgeons in a relatively small 
country. Second, an awareness campaign concerning the prevention of undernutrition 
in hospitalized patients that was initiated by Dutch physicians and health authorities in 
2000 may have led to an earlier initiation of feeding.

In mild ap it is recommend to start with enteral nutrition if patients cannot con-
sume normal food within 5-7 days. For severe ap, nutritional support is indicated when 
it becomes clear that the patient will not be able to tolerate oral intake for a prolonged 
period of time. According to the Practice Guidelines in ap of the American College of 
Gastroenterology, this assessment can usually be made within 3-4 days aft er hospital 
admission, aft er which nutritional support should be instituted.6 TF is preferred over 
total parenteral nutrition. In this series only in a minority of patients TPN was used and 
almost exclusively during admission for severe ap. Only one patient with a mild ap was 
treated with supplementary TPN for several days.

In clinical practice, patients with ap are fi rst kept on a NPO regimen. The resumption 
of oral feeding depends on the improvement of abdominal pain, absence of nausea, and 
on the return of appetite. Typically, patients are put on a clear liquid diet and, if well 
tolerated, the diet is gradually expanded to normal food. The resumption of oral feed-
ing may be temporarily halted because of a relapse or deterioration of abdominal pain 
and/or nausea. A recent review showed that in 17.2% of cases the pain relapsed aft er 
resumption (within 48 hours) of oral feeding.19 The relapse of pain may be an important 
factor that negatively infl uences the duration of the total starvation time. Notably, in 
this study is the severity of ap was classifi ed according to the Atlanta criteria. However, 
also patients with a ‘mild’ ap according to the Atlanta criteria may run a clinically ‘severe’ 
course due to prolonged pain complaints and/or ileus without the presence of pancrea-
tic necrosis.

In our study, TF was delivered in most cases via the jejunal route. In only two pa-
tients with mild ap, TF was delivered via the nasogastric route. In 2000, Eatock et al. 
were the fi rst to publish a study about the possibility of using early nasogastric feeding 
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in severe ap, which appeared to be safe and well- tolerated.20 Since, 3 randomized con-
trolled trials have been published regarding early nasogastric feeding in severe ap and 
a meta-analysis including 131 patients showed no signifi cant diff erences in mortality 
rates between nasogastric and conventional routes of feeding.21-24 Additional outcome 
parameters such as length of hospital stay, infectious complications, multiple organ 
defi ciency syndrome, rates of admissions to the ICU or conversion to surgery were also 
not signifi cantly diff erent. The recurrences of pain on refeeding and adverse events as-
sociated with nutrition were similar between groups. Given the positive outcome of 
this meta-analysis and the ease by which a nasogastric feeding tube can be placed, this 
might well become the preferred route by which TF is administered.

Importantly, in this Dutch multi-center observational study we document that nutri-
tional management resulted in a limited total starvation time for the vast majority of 
the patients. A relatively small percentage of patients (5.5%) experienced a prolonged 
starvation time of more than 5 days. Most of these patients had mild ap. Whether these 
patients or patients who did receive additional nutritional measures suff ered from un-
dernutrition was not a subject of this study. However, it does not seem unlikely that 
some patients may have suff ered some extent of undernutrition as interventional nutri-
tional measures were initiated aft er a certain period of starvation and did not always 
result instantly in a daily delivery of an amount of calories required on the basis of 
patients’ bodyweight and severity of illness. Although the association between (severe) 
undernutrition and the outcome of ap has not been properly investigated, it has been 
shown that undernutrition is associated with a worse disease outcome and higher mor-
bidty.14 Marik et al. showed in a meta-analysis of 15 randomized trials with critically 
ill patients (other than ap) that enteral nutrition within 24 hours aft er admission was 
associated with a lower incidence of infectious complications compared with delayed 
enteral nutrition.25

In conclusion, in this cohort of Dutch patients admitted because of an attack of 
acute (recurrent) pancreatitis, the total time of starvation was limited for the majority of 
patients. According to international guidelines, additional nutritional interventions were 
undertaken early in the course of the disease with enteral feeding via the jejunum as the 
preferred route. A small minority of patients suff ered from prolonged starvation which 
may potentially hamper recovery and outcome. Therefore, physicians should remain 
vigilant with regard to the nutritional status and nutritional requirements of patients 
admitted for ap. Further studies are needed to investigate the possible presence of (se-
vere) undernutrition in both mild and severe ap and whether undernutrition negatively 
aff ects the outcome of ap.
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Abstract

background  Early CT (within 4 full days aft er symptom onset) may be performed to 
distinguish acute pancreatitis from other intra-abdominal conditions or to identify early 
pancreatic necrosis. We analyzed practice and yield of early CT in patients with an es-
tablished clinical diagnosis of acute pancreatitis in a Dutch cohort (EARL study) .

methods  Multicenter observational study. Aetiology, disease course, CT timing, 
Balthazar CT score, and clinical management were evaluated.

results  First documented hospital admissions of 166 patients were analyzed. Aetiol ogy 
was biliary (71/166, 42.8%; 95% CI: 35.5-50.4); unknown (34/166, 20.5%; 95% CI:15-27.3); 
alcoholic (30/166, 18.1%; 95% CI: 13-24.6); post-ERCP (19/166, 11.4%; 95% CI: 7.5-17.2) and 
miscellaneous (12/166, 7.2%; 95% CI: 4.2-12.2). In 89.2% (148/166; 95% CI: 83.5-93) the 
disease course was mild. Eleven out of 18 patients with severe ap eventually developed 
(peri)pancreatic necrosis. At least one CT (range 1-12) was performed in 47% (78/166; 
95% CI: 39.5-54.6) of all patients and in 62.8% (49/78; 95% CI: 51.7-72.7) it was acquired 
within 4 full days aft er symptom onset. Practice, timing, and Balthazar CT score of early 
CTs were not signifi cantly diff erent between mild and severe acute pancreatitis. None of 
the early CTs showed necrosis and no alternative diagnoses were established. In 89.8% 
(44/49; 95% CI: 78.2-95.6) clinical management was not altered aft er early CT. In 10.2% 
(5/49; 95% CI: 4.4-21.8) prophylactic antibiotics were started, but in absence of necrosis.

conclusions  A CT scan was frequently acquired early in the course of acute pancrea-
titis, but its yield was low and had no implications with regard to clinical management. 
It seems prudent that clinicians should be more restrictive in the use of early CT, in 
particular in mild acute pancreatitis, to prevent unnecessary radiation exposure and to 
save costs. 
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Introduction

The clinical course of acute pancreatitis (ap) is in most cases mild and the treatment is 
mainly supportive.1-6 Many patients with ap do not require a computed tomography (CT) 
at admission or at any time during hospitalization.7-10 The diagnosis of acute pancreatitis 
is usually based on compatible clinical features (e.g. upper abdominal pain, nausea and 
vomiting) and elevations in amylase and/or lipase greater than three times the upper 
limit of normal.7, 9, 11-13 If in doubt (e.g. insuffi  cient elevation of serum amylase/lipase), the 
diagnosis of acute pancreatitis is best evaluated by a CT scan. A contrast-enhanced CT 
in the early course of ap may also be indicated to exclude alternative diagnoses such as 
e.g. a bowel perforation. However, there is no consensus whether to perform a CT in the 
early course of ap as a prognostic indicator.4, 9, 9, 11, 14-23 Scientifi c proof that development 
of pancreatic necrosis occurs as early as within 96 hours aft er symptom onset is disput-
able15. Importantly, an early CT might underestimate the amount of pancreatic necrosis, 
and such misconception is associated with a worse prognosis.4, 9, 11, 12, 24 We analyzed the 
practice and yield (alternative diagnoses and/or early (peri) pancreatic necrosis) of an 
early CT scan (within 4 full days aft er symptom onset) in a convenient cohort of patients 
with an established clinical diagnosis of ap or recurrent ap.

Materials and Methods

Study population
In August 2003 an observational prospective multicenter (2 academic and 16 commu-
nity hospitals) cohort study in the province of Northern Holland was initiated (the EARL 
study). All patients with ap, recurrent ap and/or cp who were admitted in the hospital or 
attended the out-patient clinic were ask for their participation. Patient inclusion stopped 
in May 2006. A total of 512 patients were entered in the study database. Approximately 
2/3 of patients had ap or recurrent ap and 1/3 of patients suff ered from cp. The time pe-
riod during which an individual hospital contributed to the inclusion of patients diff ered 
as centers joined the study along the way.

For the present study, we included those patients with a confi rmed diagnosis of ap 
or recurrent ap in whom at least one documented hospital admission during the study 
period was available. Only the fi rst documented hospital admission of each patient was 
studied. ap was defi ned as a clinical disease entity with acute epigastric pain combined 
with a serum amylase and/or lipase value of more than three times the upper limit of 
normal, and in the absence of any feature of cp. Disease severity (mild and severe ap) 
was defi ned according to the Atlanta criteria.25 Because this was an observational study, 
the Acute Physiology and Chronic Health Evaluation (APACHE II) score, Glascow score 
and the serum C-reactive protein (CRP) level at 48 hours aft er disease onset, could not 
be included as they were not available in all cases.
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Recurrent ap was defi ned as more than one attack of ap in the time period before inclu-
sion and/or during the observation period.

Hospital records and nursing reports were reviewed and study items were recorded 
in a study database. The following data were retrieved from the database: demographic 
data, etiological factors, hospitalization time, department of admission, timing (aft er 
the onset of symptoms) of CT scan, Balthazar CT score, development of organ failure, 
presence of local complications (pseudocyst, abscess, pancreatic necrosis) and man-
agement change (e.g. start of prophylactic antibiotics or fi ne needle aspiration) aft er 
early CT. The aetiology was assessed aft er a review of hospital and out-patient charts 
regarding reported alcohol consumption and drug use (both retrieved from hospital 
charts and study questionnaires), laboratory results (e.g. liver function tests, triglycer-
ides, calcium) and imaging investigations (e.g. ultrasound, CT, MRCP, ERCP and EUS).

The yield of early CT was defi ned as the detection of alternative diagnoses and/or lo-
cal complications, including early (peri) pancreatic necrosis. A CT was considered ‘early’ 
if it was performed within the fi rst 4 full days aft er symptom onset (day 0-4). Day 0 was 
designated the day of symptom onset. The Balthazar CT scores (grade A-E) were derived 
from the actual reports of the attending radiologists.26 Generally, CT images were ac-
quired using intravenous injection with slices of at least 5 mm and included scanning 
of the pelvis in the majority of cases. CT scans of patients with severe ap were reviewed 
by an expert radiologist from a tertiary referral hospital. This re-evaluation was done 
in order to prevent misclassifi cation of local complications, e.g. especially the develop-
ment of pancreatic or peripancreatic necrosis. The radiologist re-evaluated (blinded for 
the results of the original report) the presence of local complications according to the 
Atlanta criteria and the interval between the onset of symptoms and the complications.

The study protocol was approved by all local ethics committees and informed con-
sent was obtained from all patients.

Statistical analysis
In this observational study descriptive statistics were used. The analysis was performed 
for mild and severe ap admissions separately. Categorical data were reported as pro-
portions along with Wilson’s 95% confi dence intervals (95% CI) and quantitative data 
as medians with ranges. For non-normally distributed data the Mann-Whitney U test 
was used for group comparisons. To assess the associations between the severity of 
ap course on the one hand and frequency of use, yield and management implications 
following CT scanning on the other hand, the Pearson’s Chi square test was used. To 
minimize low cell frequencies, data were meaningfully dichotomized. In case of remain-
ing low cell frequencies below 5, either the Yates’s correction for continuity was applied 
(for n=3 or n=4) or Fisher’s exact test was performed (n≤2). Statistical signifi cance was 
defi ned as a P value less than .05. All statistical analyses were performed using The Sta-
tistical Package for the Social Sciences (SPSS) version 12.0.1 (SPSS, Chicago, IL).
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Results

Aetiology, disease course and hospital stay
From the original EARL pancreatitis study database, a total of 176 patients with ap or 
recurrent ap were identifi ed of whom at least one fully documented record of a hos-
pital admittance was available. Ten patients were excluded because of failure to meet 
the inclusion criteria. Ultimately, 166 patients with a completed review of a hospital 
admission were analyzed. Nineteen patients had more than one documented hospital 
admission during the study period. As previously mentioned only the fi rst documented 
hospital admission of each patient was considered for the present analysis. The base-
line characteristics of the study population are presented in [table 1]. The proportions 
of male and female patients were the same and the median age was 50 years (range 
18-95). One quarter of patients suff ered from recurrent attacks of ap. The most com-
mon etiological factor were a biliary cause (71/166, 42.8%; 95% CI: 35.5-50.4) followed 
by an unknown aetiology (34/166, 20.5%; 95% CI:15-27.3). Importantly, this latter group 
consisted of 19 patients with an idiopathic pancreatitis, but also of 15 patients in whom 
the diagnostic work up to identify an etiological cause was incomplete (e.g. pancreas 
divisum not excluded). Alcoholic ap was the third most common cause (30/166, 18.1%; 
95% CI: 13-24.6). The other causes were post-ERCP (19/166, 11.4%; 95% CI: 7.5-17.2) and 
miscellaneous (12/166, 7.2%; 95% CI: 4.2-12.2). In 89.2% (148/166; 95% CI: 83.5-93) the 
disease course was mild. Of those 18 severe ap patients eight patients were diagnosed as 
severe at its early stage (within the fi rst 2 weeks aft er onset of symptoms of the disease). 
The most common local complication during admissions for severe ap was the develop-
ment of pancreatic necrosis. Table 1 lists also the local complications established aft er 
re-evaluation of the CT scans by the expert radiologist. This expert re-evaluation of CT 
images showed no major discrepancies. Two patients developed within the fi rst 2 weeks 
organ failure. Eleven out of 18 patients with severe ap developed pancreatic necrosis 
and /or peripancreatic necrosis. Four patients developed pancreatic necrosis or peri-
pancreatic necrosis within the fi rst 2 weeks aft er onset of symptoms (range 5-14 days). 
Among patients with abscesses, two developed an abscess within the fi rst 2 weeks aft er 
onset of symptoms (day 9 and 12) and according to the Atlanta criteria these should be 
considered as infected post necrotic fl uid collections. Finally, one patient developed two 
pseudocysts aft er 41 days.

The majority of cases, both mild and severe, were admitted to a community hospital, 
68.7% (103/150; 95% CI: 60.9-75.5) and 55.6% (10/18; 95% CI: 33.7-75.4), respectively. In 
90.7% (136/150; 95% CI: 84.9-94.4) patients with mild ap were admitted to an internal 
medicine/gastroenterology department, whereas 50% (9/18; 95% CI: 29-71) of the cases 
with severe ap were managed at a surgical ward.
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Practice and yield of early CT
A CT scan was performed in 47% (78/166; 95% CI: 39.5-54.6) of all ap admissions. As 
expected, the proportion (40.5% (60/148; 95% CI: 33-48.6) versus 100% (18/18; 95% 
CI: 82.4-100)) and the median number (1 versus 3) of CT scans were signifi cantly lower 
during mild ap admissions than during severe ap admissions. A CT scan was obtained at 
an early stage (within the fi rst 4 full days aft er symptom onset) in 62.8% (49/78; 95% 
CI: 51.7-72.7) of admissions: in 58.3% (35/60; 95% CI: 45.7-69.9) of mild ap and in 77.8% 
(14/18; 95% CI: 54.8-91) of severe ap admissions [table 2]. Early CT during mild ap ad-
missions was performed on day 0-2 in 48.6% (17/35; 95% CI: 33-64.4) and on day 3-4 
in 51.4% (18/35; 95% CI: 35.6-67) of cases. During severe ap admissions this was 64.3% 
(9/14; 95% CI: 38.8-83.7) and 35,7% (5/14; 95% CI: 16.3-61.2), respectively. From the early 
CT scan results, the Balthazar scores were not signifi cantly diff erent between mild and 
severe ap: grade A-C in 91.4% (32/35; 95% CI: 77.6-97) and 85.7% (12/14; 95% CI: 60.1-96), 

Table 1 General characteristics of study population

N=166

Male (%) 83 (50)

Median age in years (range) 50 (18-95)

Acute pancreatitis
• First attack (%)
• Recurrent attacks (%)

126
40

(75.9)
(24.1)

Aetiology (%)
• Biliary
• Unknown*
• Alcohol
• Post ERCP
• Drugs
• Tumor/obstruction
• Pancreas divisum
• Hypertriglyceridemia

71
34
30
19
6
4
1
1

(42.8)
(20.5)
(18.1)
(11.4)
(3.6)
(2.4)
(0.6)
(0.6)

Course of acute pancreatitis (%)
• Mild
• Severe
 – Organ failure
 – Necrosis†
 – Abscess
 – Pseudocyst

148
18
2
11
4
1

(89.2)
(10.8)
(11.1)
(61.1)
(22.2)
(5.6)

* Combination of 19 patients with idiopathic pancreatitis and 15 patients with an unknown cause whereby the diag-
nostic work up for an etiological factor was incomplete

† Pancreatic necrosis and/or peripancreatic necrosis

early ct scan in acute pancreatitis
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respectively [table 2]. Importantly, no early CT scan showed signs of necrosis or any 
other local complication of ap. Also, no alterative diagnoses were established. The aeti-
ology of ap was confi rmed by early CT in two patients. However, this had already been 
documented by abdominal ultrasound in both cases; one patient was shown to have 
common bile duct stones and one patient had a pancreatic tumor. Aft er early CT, the 
clinical management did not change in 89.8% (44/49; 95% CI: 78.2-95.6) of admissions 
(table 2). Remarkably, the only change in management within 24 hours aft er CT scan-
ning was to start antibiotics, despite absence of necrosis on CT (mild ap 11.4% (4/35; 
95% CI: 4.5-26) of cases, severe ap 7.1% (1/14; 95% CI: 1.3-31.5) of cases).

Discussion
This is an observational multi-center study reporting on the practice and yield of CT 
scans acquired within the fi rst full 4 days aft er symptom onset in patients with a clini-
cally established diagnosis of ap. It shows that early CTs are oft en performed during 
admissions for mild and severe ap alike. In either group the yield of early CT was low 
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Table 2 Use and yield of early CT, and observed management change during the hospital admissions 
for mild and severe ap

Mild AP
(N=35)

Severe AP
(N=14) p Value

Timing of early CT-scan (%)
• Day 0
• Day 1
• Day 2
• Day 3
• Day 4

7 (20%)
5 (14.3%)
5 (14.3%)
8 (22.9%)
10 (28.6%)

3 (21.4%)
3 (21.4%)
3 (21.4%)
3 (21.4%)
2 (14.3%)

0.32*

Balthazar CT score (%)
• Grade A
• Grade B
• Grade C
• Grade D
• Grade E

3 (8.6%)
10 (28.6%)
19 (54.3%)
3 (8.6%)
-

-
3 (21.4%)
9 (64.3%)
2 (14.3%)
-

0.62†

Necrosis/Abscess - - na‡

Management change (%)
• No change
• Start antibiotics||

0.66§
31 (88.6%)
4 (11.4%)

13 (92.9%)
1 (7.1%)

* Calculated aft er dichotomization: group 1: day 0-2 and group 2: day 3-4
† Calculated aft er dichotomization: group 1: grade A-C and group 2: grade D-E
‡ Not applicable
§ Calculated aft er dichotomization: group 1: no change and group 2: start antibiotics
|| Start of antibiotics on the day of early CT or one day aft er
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and had no relevant clinical management consequences. This seems an important ob-
servation considering the serious concerns that were recently expressed about the role 
of diagnostic CT and radiation exposure27. It has been shown that in the United States 
there is an increase in CT use and in CT derived radiation dose in the population. As a 
consequence, the estimated proportion of cancer attributable to the use of CT may have 
increased. From these worrying observations it becomes clear that physicians should 
be critical when ordering a CT scan. In patients presenting with severe abdominal pain 
an early CT may be indicated to exclude an alternative serious abdominal condition, 
such as a bowel perforation.11, 12 In the present study, no additional alternative diagnoses 
were made by early CT. It confi rmed the etiologic diagnoses in two patients already 
established by prior abdominal ultrasound scanning which, although having a lesser 
sensitivity than CT, is most commonly performed in patients presenting with signs and 
symptoms of ap.

Another indication to perform an early CT is to confi rm the presence of early pan-
creatic necrosis in patients with signs of organ failure or SIRS. In this study, the majority 
of patients (89.2) developed mild ap according to the Atlanta criteria. This proportion 
of mild versus severe ap in our series is in accordance with existing literature data.1-5 In 
the group of patients who ultimately developed severe ap, no pancreatic necrosis was 
detected on early CT. These fi ndings contradict the concept of pancreatic necrosis de-
veloping very early in the course of the disease, or at least its detection by early CT. The 
scientifi c proof of the early presence and detection of pancreatic necrosis is poor.15 Only 
one study claimed that in all patients with necrotizing pancreatitis, necrosis is present 
within 96 hours aft er onset of symptoms.28 However, in that study the existence of 
necrosis early in the course of the disease was not demonstrated with contrast CT scan-
ning, but ascertained by the measurement of serum CRP. A CRP >120 mg/L was chosen 
as the criterion that determined the early presence of ‘pancreatic necrosis’. Indeed, all 
patients who eventually developed necrotizing pancreatitis had a CRP > 120 mg/L within 
96 hours aft er onset of the symptoms, but this is no proof that necrosis was actually 
present within 96 hours aft er symptom onset. A further limitation of studies reporting 
on (early) pancreatic necrosis in ap is the lack of information about the time between 
the onset of symptoms and the time of CT scanning.8, 14, 15, 23 In addition, study popula-
tions are oft en not comparable as a result of diff erent defi nitions used for severe and 
necrotizing pancreatitis. Several studies have shown that pancreatic necrosis is present 
on the fi rst CT in 11.8% to 15.9% of patients admitted for ap.8, 14, 23 However, CT scans 
in these studies were all performed within 4 days of admission, not within 4 days aft er 
symptom onset. In patients with proven necrotizing pancreatitis, necrosis was identi-
fi ed in 15.5% of cases within 72 hours aft er admission, again not aft er symptom onset.15 
Finally, a promising new CT modality is the use of a perfusion CT. Tsuij et al. showed 
that in the early stage of severe ap ischemic changes that ultimately lead to pancreatic 
necrosis can be detected by a perfusion CT.29

early ct scan in acute pancreatitis
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Even if the argument of timing (aft er symptom onset versus aft er admission) is put 
aside, it remains questionable if the fi nding of early pancreatic necrosis would have led 
to a change in management anyway. Clinical management in patients with early organ 
failure and SIRS, irrespective of the presence of necrosis, would be primarily support-
ive, such as fl uid resuscitation and mechanical ventilation.4, 30 Notably, early death (≤2 
weeks aft er admission) results primarily from multisystem organ failure, whereas late 
death occurs mainly from complications in patients with infected necrotic tissue.31-33 In 
particular organ failure or SIRS within seven days of onset of ap is associated with a high 
early mortality.34 The urge and clinical relevance to detect pancreatic necrosis in the 
early course of ap seems less important. Secondly, at present, there is only weak evi-
dence to start prophylactic antibiotics in case of pancreatic necrosis.35 From this point 
of view, it is rather surprising that in this series in 10.2% (5/49) of patients prophylactic 
antibiotics were started in the absence of necrosis. In fact, according to guidelines, only 
infected pancreatic necrosis as proven by fi ne needle aspiration would prompt for anti-
biotic therapy. Defi nite management by either surgical or endoscopic necrosectomy will 
not likely be performed early in the course of the disease, but if at all possible postponed 
to the third or fourth week of the disease course, at which time there is a much clearer 
demarcation between viable and necrotic tissue.30, 36, 37

It has also been suggested to use early CT scanning as a prognostic indicator of the 
severity of ap.26, 38 However, such indication is disputable.4, 9, 11, 14-20 At present, several 
prognostic indicators are available, but none being perfect.4, 7, 12, 39 Ongoing clinical as-
sessment coupled with the use of a multifactor scoring system and imaging studies 
probably is the best way to predict disease severity.11 However, a serum CRP level > 150 
mg/L at 48 hours aft er disease onset is a simple and cheap indicator of severity and a 
good alternative for an early CT.17, 18

A potential limitation of this observational study is that physicians may have behaved 
diff erently with regard to clinical management aft er a patient consented to participate 
in the study. The results of this study do not support this concern as the use of CT 
clearly was not according to internationally established guidelines. Moreover, patients 
from this report were a selection of all patients with (recurrent) acute and/or cp patients 
that were included in the study. The specifi c aim of this study, in particular, practice and 
yield of CT, was not specifi cally stated other than the remark that clinical management 
would be monitored.

Although the absolute number of patients with severe ap (n=18) in the present study 
was relatively low, the proportion in relation to patients with mild ap, 89.2% and 10.8% 
respectively, is in accordance to what is reported in the literature.1-6

It is important to note that the Balthazar score and the assessment of local compli-
cations (e.g. pseudocysts, abscesses) were based on reports from local radiologists as 
they were also used by the attending physicians in the clinical management of these 
patients. Considering our study aim, such approach provides a fairer assessment of the 
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real world impact of early CT than an expert CT review would have provided. Re-evalua-
tion by an expert radiologist of the CT scans from the severe ap patients was performed 
to confi rm adequate classifi cation of local complications by the attending radiologists.

Multiple surveys have shown that compliance of practitioners to published (evidence 
based) guidelines of the diff erent national and international scientifi c societies on the 
management of ap is suboptimal.8, 40-45 Unfortunately, the results of the present study 
support these observations. Implementation strategies are urgently needed to increase 
the actual compliance to these guidelines.45

In summary, in this observational multi-center study a CT scan was frequently ac-
quired early in the course of ap, but its yield was low and had no implications with 
regard to clinical management. An early CT scan should only be obtained when there is 
clinical doubt about the diagnosis of ap and other life-threatening conditions must be 
excluded. For demonstration of pancreatic necrosis one should preferably postpone im-
aging beyond the fourth day aft er the onset of symptoms in the presence of additional 
circumstantial evidence of a predicted severe disease outcome (e.g. CRP >150). Given 
the outcome of this study it seems prudent that clinicians should be more restrictive, 
especially in mild ap, in the use of early CT to prevent unnecessary radiation exposure 
and save costs.
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Abstract

background  Drug-induced pancreatitis (DIP) is considered a relative rare disease 
 entity, perhaps due to lack of recognition. We evaluated the prevalence of pancreatitis-
associated drugs in a Dutch cohort of patients admitted for acute pancreatitis and iden-
tifi ed the proportion acute pancreatitis possibly attributable to the use of drugs.

methods  Multi-center observational study (EARL study). Aetiology, disease course, 
use of pancreatitis-associated drugs at hospital admittance and discontinuation of 
these drugs were evaluated. Drugs were scored by means of an evidence-based DIP 
classifi cation system.

results  The fi rst documented hospital admissions of 168 patients were analyzed. 
Seventy out of 168 (41.6%; 95% CI: 34.5-49.2) patients used pancreatitis-associated 
drugs at admission. In 26.2% (44/168; 95% CI: 20.1-33.3) of cases at least one class I 
pancreatitis-associated drug was used. Possibly DIP was present in 12.5% (21/168; 95% 
CI: 8.3-18.4); in less than half of these patients (9/21 or 42.9%; 95% CI: 24.5-63.5) the 
prescribed drugs were actually discontinued, with no recurrence of acute pancreatitis 
later on. Among the remaining 12 patients without discontinuation of their drugs use 
and in absence of an alternative etiologic cause of acute pancreatitis, 8 patients used 
a class I pancreatitis-associated drug, representing 4.8% (8/168, 95% CI: 2.4-9.1) of the 
total study population.

conclusions  In this series a remarkably high percentage of patients who were ad-
mitted because of an attack of acute pancreatitis used pancreatitis-associated drugs. 
Physicians should be more aware of the possibility of DIP in patients with otherwise 
unexplained acute pancreatitis and act appropriately by discontinuation of the drug.

8
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Introduction

Drugs are considered a relatively rare cause of acute pancreatitis (ap). The true incidence 
of drug-induced pancreatitis (DIP) is not accurately known and estimated between 0.1% 
and 2% of all cases with ap.1-7 The diagnosis of DIP is oft en challenging because DIP has 
no unique clinical features that distinguishes it from ap due to other causes. Evidence 
linking drugs to ap is mostly derived from case reports and case-control studies. Gener-
ally, evidence is assessed based on criteria such as reasonable temporal sequence from 
drug administration to the development of ap, exclusion of other causes, and a positive 
re-challenge with the drug. In the last decades several drug classifi cation systems of DIP 
have been published. In 1980, Mallory and Kern proposed a system in which a drug was 
classifi ed as having either a defi nite, probable or possible association with ap.8 Ever since, 
several review articles have used this, sometimes adapted or modifi ed, ‘three group’ 
classifi cation system. In 2007, Badalov et al. published the latest adapted classifi cation 
system. They categorized 120 drugs in four classes based on the published weight of 
evidence with ap [table 1].9 Class I includes drugs of which at least one case report with 
recurrence of ap aft er rechallenge has been published. Class I drugs are subdivided into 
class Ia and Ib, depending on whether or not other potential causes have been ruled 
out. Class II includes drugs in which there is a consistent latency in 75% or more of the 
reported cases. Class III includes drugs that have neither a rechallenge nor a consistent 
latency period, but at least two cases are reported. Class IV drugs are similar to class III, 
but only one case report is reported.

Table 1 Classifi cation system of drug-induced acute pancreatitis according to Badalov et al.9

Class Ia drugs
• At least 1 case report with positive rechallenge, excluding all other causes, such as alcohol, hypertriglyceridemia, 

gallstones, and other drugs

Class Ib drugs
• At least 1 case report with positive rechallenge; however, other causes, such as alcohol, hypertriglyceridemia, 

gallstones, and other drugs were not ruled out

Class II drugs
• At least 4 cases in the literature
• Consistent latency (≥75% of cases)

Class III drugs 
• At least 2 cases in the literature
• No consistent latency among cases
• No rechallange

Class IV drugs
• Drugs not fi tting into the earlier-described classes, single case report published in the medical literature, 

without rechallenge
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We evaluated the aetiology, disease course, use and discontinuation of pancreatitis- 
associated drugs at hospital admittance and discharge in a convenient cohort of pa-
tients with an established clinical diagnosis of ap or recurrent ap, according to the latest 
evidence-based DIP classifi cation system.

Methods

Study population
In August 2003 an observational prospective multicenter (2 academic and 16 commu-
nity hospitals) cohort study in the province of Northern Holland was initiated (the EARL 
study). Patients with ap, recurrent ap and/or cp who were admitted to the hospital or 
attended the out-patient clinic, were asked to participate. Patient inclusion ended in 
May 2006. A total of 512 patients were entered in the study database. For the pres-
ent analysis, follow-up data until the end of October 2007 were used. Hence, patients 
were monitored for a minimum of 17 and maximum of 50 months. Approximately two 
thirds of patients had ap or recurrent ap and the remaining patients suff ered from cp. 
Diagnosis and treatment of ap were decided upon by the attending physician(s) of each 
participating hospital.
 For the present study, we included those patients with a confi rmed diagnosis of ap 
or recurrent ap, of whom at least one fully documented hospital admission during the 
study period was available. The fi rst documented hospital admission of each patient 
was considered. If the patient had a recurrent attack in the observation period and 
used pancreatitis-associated drugs at fi rst admission, then the subsequent admissions 
were also analyzed. ap was defi ned as a clinical disease entity with acute epigastric pain 
combined with a serum amylase and/or lipase value of more than three times the up-
per limit of normal, and in the absence of any feature of cp. Disease severity (mild and 
severe ap) was defi ned according to the Atlanta criteria.10 Recurrent ap was defi ned as 
more than one attack of ap in the time period before inclusion and/or during the obser-
vation period.

Hospital records and nursing reports were thoroughly reviewed. Furthermore, study 
questionnaires with e.g. items about drugs use were collected and analysed once a 
year. The study items were recorded in a study database. The following information was 
retrieved from the database: demographic data, etiological factors, drug use at hospital 
admission and at discharge, and severity of the attack.

The aetiology was assessed aft er a review of hospital and out-patient charts. This 
included reported alcohol consumption (retrieved from hospital charts and study 
questionnaires), family history of pancreatic disease, laboratory results (e.g. liver func-
tion tests, triglycerides, calcium) and imaging procedures (e.g. ultrasound, CT, MRCP, 
ERCP and EUS). However, genetic disorders, such as mutations in cationic trypsinogen, 



138

SPINK-1 and CFTR gene were not ruled out. In addition, all registered drugs used at 
hospital admission were classifi ed as pancreatitis-associated or not and subsequently 
categorized in one of four classes according to the DIP classifi cation system of Badalov 
et al.9 New onset use of diclofenac (a class IV drug) just before hospital admission was 
discarded and not classifi ed as pancreatitis-associated because this drug was most 
likely prescribed to manage pain associated with the attack of ap or gallstone colick. 
‘Possibly DIP’ was defi ned as an attack of ap in the absence of other etiological factors 
besides the use of pancreatitis-associated drugs at admission. When the prescription of 
pancreatitis-associated drugs had been discontinued and no recurrence of ap developed 
hereaft er, it was assumed that the treating physician had indeed identifi ed the incidence 
of ap as drug-induced.

If the diagnostic work-up was complete (e.g. without genetic testing) and did not 
identify any known etiological cause the patient was classifi ed as suff ering from idio-
pathic ap. For example, microlithiasis had to be ruled by the use of at least on of the 
following examinations: EUS, ERCP or MRCP. However, if the diagnostic work-up was 
incomplete (e.g. microlithiasis or pancreatic divisum not ruled out) the patient was clas-
sifi ed as having indefi nite ap.

The study protocol was approved by all local ethics committees and informed con-
sent was obtained from all patients.

Statistical analysis
In this observational study descriptive statistics were used. Categorical data were re-
ported as proportions along with Wilson’s 95% confi dence intervals (95% CI). Fisher’s 
exact test was used to compare the aetiology of ap patients using pancreatitis-associ-
ated drugs at admission against the ones who did not. A p-value less than 0.05 indicat-
ed statistical signifi cance. All statistical analyses were performed using The Statistical 
Package for the Social Sciences (SPSS) version 15.0 (SPSS, Chicago, IL) and Computer 
Programs for Epidemiologists (PEPI) version 4.0 (Sagebrush Press, Salt lake City, 2001).

Results

Aetiology and disease course of study population
From the original EARL pancreatitis study database, a total of 198 hospital admissions 
with ap or recurrent ap were identifi ed with a fully documented admission record. 
Twenty one patients had more than one documented hospital admission during the 
study period. As previously mentioned, the fi rst documented hospital admission of each 
 patient was considered for the present analysis. Ultimately, 168 patients with a com-
pleted review of a hospital admission were analyzed. In 29.2% (49/168; 95% CI:22.8-
36.4) of patients a CT scan was performed within the fi rst four days aft er admission 
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which confi rmed in all patients the diagnosis of ap. The baseline characteristics of the 
study population are presented in Table 2. Male and female patients were equally repre-
sented and the median age was 50 years (range 18-95). One quarter of patients suff ered 
from recurrent attacks of ap.

The most common etiological factors were biliary stones/sludge (71/168, 42.2 %; 
95% CI: 35-49.8) followed by alcohol abuse (32/168, 19%; 95% CI: 13.8-25.7) and post-
ERCP (19/168, 11.3%; 95% CI:7.4-17) [table 2]. Three patients had a combination of etio-
logical factors. One patient classifi ed as having a biliary cause also suff ered from hyper-
calcaemia and two patients with alcohol abuse suff ered also from hyperlipidaemia. In 
23.8% (40/168; 95% CI: 18.0%-30.8) the cause of ap was unknown (idiopathic or indefi -
nite ap) or possibly drug-related.

Overall, in 89.3% (150/168; 95% CI: 83.7-93.1) of cases the disease course was mild. In 
case of a severe course the leading local complication was pancreatic or peripancreatic 
necrosis. Out of these 11 patients, only three also developed organ failure.

Pancreatitis-associated drugs and disease course
[Table 3] also shows the prevalence of patients using pancreatitis-associated drugs. At 
admission 70 patients (41.6%; 95% CI: 34.5-49.2) were using these drugs, excluding the 
7 patients (5 of whom had a gallstone related ap) who only used diclofenac at the time of 
admission (see Methods section). Among the 70 patients, a biliary cause of ap was found 
in 30 (42.9%; 95% CI: 31.9-54.5), alcoholic aetiology was identifi ed in 12 (17.1%; 95% CI: 
10.1-27.6), post-ERCP in 6 (8.6%; 95% CI: 4-17.5) and other causes in 1 (1.4%; 95% CI: 0.3-
7.7). In 21 patients (30%; 95% CI: 20.5-41.5) the cause was unknown (idiopathic or indefi -

Table 2 General characteristics of total study population (n=168)

Male (%) 84 (50)

Median age in years (range) 50 (18-95)

Acute pancreatitis

First attack (%)
• Recurrent attacks(%)

126
42

(75)
(25)

Course of acute pancreatitis(%)
• Mild
• Severe
 – Organ failure (sole)
 – Necrosis*
 – Abscess
 – Pseudocyst

150
18 
2
11
4
1

(89.3)
(10.7)
(11.1)
(61.1)
(22.2)
(5.6)

* Pancreatic necrosis and/or peripancreatic necrosis

acute pancreatitis and use of pancreatitis-associated drugs
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nite ap) or possibly drug-related. The distribution of known etiologic factors other than 
drugs in patients using pancreatitis-associated drugs did not diff er from the distribution 
in patients who did not use pancreatitis-associated drugs (Fisher’s exact; p=0.63).

Looking more closely into the intensity and type of pancreatitis-associated drug use 
[table 4], we found that 45 patients (64.3%; 95% CI: 52.6-74.5) used a single pancreati-
tis-associated drug, 17 patients (24.3%; 95% CI: 15.8-35.5) used a combination of two 
drugs, 5 (7.1%; 95% CI: 3.1-15.7) a triple combination, and 3 (4.3%; 95% CI: 1.5-11.9) a 
quadruple combination. Almost two-thirds of all patients with pancreatitis-associated 
drugs at admission, 44/70 (62.9%; 95% CI: 51.1-73.2), used at least a class I drug, pre-
dominantly class Ia (28/44 or 63.6%; 95% CI: 48.9-76.2). Most oft en, the class I drug was 
a cardiovascular or gastrointestinal agent. The most frequently used class I drugs, single 
or in combination with other drugs, were simvastatin (class Ia) 29.5% (13/44; 95% CI: 
18.2-44.2), enalapril (class Ia) 22.7% (10/44; 95% CI: 12.8-37) and omeprazole (class Ib) 
20.5% (9/44; 95% CI: 11.2-34.5).

ch apter 8

Table 3 Frequency of etiological factors of the diff erent study populations

Aetiology

Total study 
population 
(n=168)

No pancreatitis- 
associated 
drugs (n=98)

Pancreatitis- 
associated 
drugs (n=70)

Class I pancreatitis-
associated 
drugs (n=44)

Biliary 71 41 30 17

Alcohol 32 20 12 7

Post-ERCP 19 13 6 4

Other 6 5 1 -

Unknown or 
(possibly) DIP

40 19 21 16

Table 4 Use of pancreatitis-associated drugs (n=70)

Number of associated drugs Highest class of associated drugs

Ia Ib II III IV Total

1 13 10 5 12 5 45

2 11 4 - 2 - 17

3 2 2 - 1 - 5

4 2 0 - 1 - 3

Total 28 16 5 16 5 70
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In 84.3% (59/70; 95% CI: 74-91) of all patients who used pancreatitis-associated drugs 
the disease course was mild; in patients who used at least one class Ia or class Ib drug, 
similar observations were made, respectively 82.1% (23/28; 95% CI: 64.4-92.1) and 93.8% 
(15/16; 95% CI: 71.7-98.9).

Possibly drug-induced pancreatitis and disease course
As demonstrated in Table 3, 21 out of 168 patients (12.5%; 95% CI: 8.3-18.4) used pancrea-
titis-associated drugs in absence of another etiologic cause and the incidence of their ap 
attack might thus be drug-induced.

In less than half of them (9/21 or 42.9%; 95% CI: 24.5-63.5), the prescription of pan-
creatitis-associated drugs was discontinued and no recurrence of ap developed later on, 
suggesting that the treating physician justifi ably had identifi ed their ap as drug-induced 
or DIP. Thus the prevalence of DIP is 5.4% (9/168; 95% CI:2.8-9.9). These patients had 
been prescribed: azathioprine (class Ib) (n=2); azathioprine together with prednisone 
(class III) (n=1); prednisone and sulfasalazin (not classifi ed) (n=1); pravastatin (class Ia) 
(n=1); pravastatin together with lamivudine (class Ib), DDI (class II) and ritinovir (class IV) 
(n=1); enalapril (class Ia) (n=1); enalapril together with furosemide (class Ia) (n=1); and, 
fi nally, omeprazol (class Ib) together with atorvastin (class III) and fosinopril (not classi-
fi ed) (n=1).

In the remaining 12 patients (57.1%; 95% CI: 36.5-75.5) on pancreatitis-associated 
drugs, their prescription was not discontinued at admission or discharge, despite the 
absence of other risk factors (10 idiopathic and 2 indefi nite ap). These patients had been 
prescribed: simvastatin (class Ia), enalapril (class Ia), metformin (class III) and predni-
sone (class III) (n=1); simvastatin (n=2); simvastatin together with hydrochlorothiazide 
(class III) (n=1); enalapril (n=2); losartan (class Ib), omeprazole (class Ib) and hydrochloro-
thiazide (n=1); omeprazole, prednisone and alendronate (class III) (n=1); carbamazepine 
(class III) and clarithromycin (class III) (n=1); estrogen (class II) (n=1); cimetidine (class III) 
(n=1); and, fi nally, gemfi brozil (class IV) (n=1). Hence, 8 patients used a class I drug (either 
or not in combination) without its discontinuation in absence of another etiologic factor 
of ap (6 idiopathic and 2 indefi nite ap). Their ap attack probably went unrecognized as 
drug-induced. These 8 patients constituted 4.8% (8/168; 95% CI: 2.4-9.1) of our study 
population.

In all 9 patients with a recognized DIP the disease course was mild. Out of the other 
12 patients the disease course was mild in 83.3% (10/12; 95% CI: 55.2-95.3).

Recurrent ap and pancreatitis-associated drugs
Eighteen out of the 70 patients who used pancreatitis-associated drugs suff ered from 
recurrent ap. Ten patients with a recurrent ap had their fi rst attack before the study 
period and detailed information about the use of pancreatitis-associated drugs at the 
time of the previous admission was lacking. For one patient, detailed information of 
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the second admission in the observation period was unavailable. Of the remaining 7 
patients, 5 were still using their pancreatitis-associated drugs at the time of admission 
for a recurrent attack. Four out of these fi ve patients were still using at least one class 
I drug: omeprazole (class Ib) (n=2); omeprazole together with losartan (class Ib) and hy-
drochlorothiazide (class III) (n=1); simvastitin (class Ia) together with hydrochlorothiazide 
(n=1); and rantidine (class III) (n=1). Only the patient using simvastitin/ hydrochlorothia-
zide was classifi ed as ap from unknown aetiology (idiopathic ap). The others were classi-
fi ed as biliary or alcoholic ap. In 88.9% (16/18; 95%CI: 67.2-96.9) of cases with a recurrent 
ap the disease course was mild.

Discussion

The present paper reports an observational study in which the prevalence of pancrea-
titis-associated drug use at hospital admission for ap is assessed in a Dutch multi-center 
setting according to the latest evidence-based DIP classifi cation system. Over the last 
decades the classifi cation systems of DIP were subject to diff erent viewpoints and fre-
quently adapted. In 1980, Mallory and Kern proposed a system in which a drug was clas-
sifi ed as having either a defi nite, probable or possible association with pancreatitis based 
on multiple criteria.8 Ever since, several review articles have used this ‘three group’ clas-
sifi cation system.3, 11-13 In 2005, Trivedi et al. revised this ‘three group’ classifi cation sys-
tem putting more weight on the number of reported cases and a positive re-challenge.14 
In the present study we used the latest evidence-based DIP classifi cation system as 
published by Badalov et al. in which the number of reports are less important and more 
weight is given to a positive re-challenge, the exclusion of other causes, and the time 
relation between drug use and the onset of ap.9 We show that pancreatitis-associated 
drugs are very frequently (70/168 or 41.6%) used at the time of hospital admission for 
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Table 4 Use of pancreatitis-associated drugs (n=70)

Number of associated drugs Highest class of associated drugs

Ia Ib II III IV Total

1 13 10 5 12 5 45

2 11 4 - 2 - 17

3 2 2 - 1 - 5

4 2 0 - 1 - 3

Total 28 16 5 16 5 70
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(recurrent) ap. In more than a quarter of cases (44/168 or 26.2%), these pancreatitis-
associated drugs are ranked as class I drugs, the highest level of evidence for an as-
sociation with ap. This percentages are even higher compared to the results of a former 
pilot study done by our study group, when 16 out of 60 (27%) patients admitted for ap 
used pancreatitis-associated with DIP.15 5 out of 60 (8.3%) used defi nite pancreatitis-
associated drugs. However, the DIP classifi cation system used in that pilot study dif-
fered from the present study.

The question at hand is whether this high percentage is merely a refl ection of the 
general use of pancreatitis-associated drugs in the Dutch population and, more specifi -
cally, in the population at risk to develop ap, or whether this is a true indication of a 
causal relationship between the use of these drugs and the development of ap. Badalov 
et al. use a latency period between initiating a drug and the development of ap as a 
criterion for the class II drugs.9 However, we do not have valid information about how 
long patients were taking the pancreatitis-associated drugs. To prevent overestimation 
of the use of pancreatitis-associated drugs at forehand, we did not count the use of 
diclofenac as pancreatitis associated, because its use is most probably related to short 
term use prior to the hospital admission to treat pain associated with the attack of ap 
or colicks induced by gallstones. A causal relationship of the use of estrogens/oral con-
traceptives and the development of ap in our study is doubtful. In the DIP classifi cation 
system estrogens are categorized as class II drugs. However, out of the fi ve females who 
used oral contraceptives, none had hyperlipidaemia at admission which is thought to be 
the trigger for the development of ap. Only one woman had an ap of unknown aetiology 
(idiopathic ap).

Furthermore, the majority of the class I pancreatitis associated drugs registered in 
this study are cardiovascular or gastrointestinal drugs, which belong to the classes of 
drugs that are most commonly used in the general population. For example, two of the 
most prevalent class I drugs which were encountered in the present study are simvas-
tatin (HMG-CoA reductase inhibitor) and omeprazole (PPI) which rank in the top ten of 
most prescribed drugs in the Netherlands (www.sfk .nl).

Whether these types of drugs are more commonly used in ap patients is not known. 
However, a recent cohort study from the United Kingdom showed that patients with 
type 2 diabetes mellitus have a higher risk for the development of ap.16 In this study it 
was demonstrated that smoking and alcohol use, among other factors, were signifi cant 
predictors of ap, but aft er adjusting for these factors the risk of developing ap remained 
elevated. Generally, cardiovascular disease is a main complication of diabetes and of 
smoking.17, 18 It is imaginable that a proportion of ap patients are more frequent  users 
of antihypertensive and cholesterol lowering agents and hence run a proportionally 
greater risk of developing DIP. A intriguing and unresolved issue is how these drugs 
actually promote the development of ap.5, 19, 20 For some drugs there are suggested, but 
unproven, mechanisms of action for the development of DIP including cytotoxic and 
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metabolic eff ects, accumulation of toxic metabolites, constriction of the sphincter of 
Oddi, and hypersensitivity reactions. It should be realized however that the underlying 
condition for which the drug is taken may act as a confounding factor and is the factual 
cause for the risk increase. Another likely possibility is that in cases with concomitant 
risk factors certain drugs may act as a co-factor or disease modifi er.15 These drugs would 
then lower the ‘threshold’ for the developing pancreatic infl ammation and in combina-
tion with e.g. alcohol triggering the cascade for the fi nal progression into ap. Whether 
this concept holds true in clinical practice needs to be further studied, for example in 
experimental animal studies.

The observation that in almost one out of 20 patients the class I drug(s) was not 
stopped in case of an attack of ap of unknown aetiology, is striking. Of course this is an 
observational study and it is not defi nitely known whether continuation of such drug in 
certain cases was deliberate. In the medical charts however we found no proof of this, 
e.g. that continuation was required because of an underlying disease while no alterna-
tive medication was available. Therefore, it is not more than logical to contemplate that 
the drug was simply not recognized as a drug associated with DIP.

At the same time however, it should be stated that in 7 patients on pancreatitis-
associated drugs in whom an etiologic factor was identifi ed other than pancreatitis-
associated drugs, the drug(s) was nevertheless stopped at discharge; three of them used 
at least one class I drug (results not reported). In these cases the attending physician in 
all probability valued the drug as a co-factor.

We found that possible DIP was present in 12.5% of the patients with an incidence 
of ap and that it seemed recognized as DIP by the treating physician in almost half of 
these cases (5.4%). Even if we consider the latter percentage as the lower limit of the 
prevalence of DIP, it still is considerably higher than generally in the literature reported 
outcomes ranging between 0.1% and 2%.1-4, 6 However, recently also Vinklerová et al. 
concluded from there single center retrospective analysis that in 5.3% (9/170) the ap 
was drug-induced.21 Mennencier et al. report from there retrospective analysis an even 
higher percentage of 8.3% (9/108).22

Of note, in 8 out of the 9 DIP cases at least one class I drug was used and that aft er 
cessation of the drugs no pancreatitis recurrence occurred with the recognition that in 
selected cases the follow-up period may have been too short. In concurrence with other 
literature reports the disease course was in all cases mild.5

In conclusion, the prevalence of pancreatitis-associated drugs in this cohort of 
Dutch patients admitted for an attack of acute (recurrent) pancreatitis was remarkably 
high. One out of twenty ap patients used at least one pancreatitis-associated class I 
drug and these drugs were not discontinued at hospital admission in the absence of an 
alternative etiologic explanation. Physicians must be more aware of the possibility of 
DIP and discontinue pancreatitis-associated drugs at admission accordingly, in particu-
lar in recurrent ap of unknown cause. Larger epidemiological studies are warranted to 
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establish the true risk of ap for various drugs using a uniform and widely accepted DIP 
classifi cation system.20, 23
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summary

This thesis focuses on studies concerning acute and chronic pancreatitis, both infl am-
matory diseases of the pancreas. Two diff erent research areas are presented and there-
fore this thesis is divided in two parts. Part I contains the epidemiological studies re-
garding both acute and chronic pancreatitis. Part II concerns studies of diff erent clinical 
aspects of only acute pancreatitis. 

Part I: Epidemiological studies on acute and chronic pancreatitis
In [chapter 1] an update is given concerning recent developments in the epidemiology, 
aetiology, natural course and outcome of acute and chronic pancreatitis. Over the past 
decades the incidence and the number of hospital admissions in the Western countries 
for acute and, although less well established, chronic pancreatitis are increasing. These 
upward time trends seem to relate to a change in the prevalence of the main etiologi-
cal factors such as gallstones and alcohol consumption. The case-fatality rate of acute 
pancreatitis decreased over time, but the overall population mortality did not change for 
acute and chronic pancreatitis.

In [chapter 2] we evaluated the reliability of source data for the National Informa-
tion System on Hospital Care (NISHC) registry used to classify hospital admissions for 
both acute and chronic pancreatitis in the Netherlands. All discharge diagnoses related 
to admissions for acute and chronic pancreatitis in the Academic Medical Center be-
tween 2002 and 2003 were re-examined and compared with the data originally notifi ed 
to the NISHC. We show that there is a substantial miscoding of discharge diagnoses of 
acute and chronic pancreatitis at the level of individual hospital admissions. However, 
at a group level, the total numbers of admissions for acute and chronic pancreatitis are 
only slightly underestimated, 15.8% and 6%, respectively. We conclude that the NISHC 
may serve as a relatively reliable source for large scale epidemiological studies regarding 
acute and chronic pancreatitis. In [chapter 3] we used the NISHC registry to describe 
the trends in hospital admissions in the Netherlands for both acute and chronic pancre-
atitis in the period 1992 to 2004, and projected the number of admissions up to 2010. 
In the 12 year time period, both the overall annual number of acute and chronic pan-
creatitis admissions increased substantially, from 11.8 to 19.2 per 100.000 person-years 
and, from 5.2 to 8.5 per 100.000 person-years, respectively. The growth rate was higher 
for women than for men. This trend will most likely continue for the near future. Finally, 
in [chapter 4] we report the incidence rates of acute and chronic pancreatitis for the 
period 2000-2005 following linkage of three distinct nation-wide Dutch registries: the 
NISHC, the population register, and the death certifi cate register. Also we describe the 
mortality rates of acute and chronic pancreatitis for the period 1995-2005. Additionally, 
data on incidence and mortality rates over time are reported for Dutch (year 2000) and 
international standard populations.We show that between 2000-2005 the incidence of 
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acute pancreatitis per 100.000 persons per year increased over time for both, males 
(from 13.8 to 15.2) and females (from 12.7 to 14.2). In contrast to acute pancreatitis, 
 irregular patterns over time emerged for the incidence rates of chronic pancreatitis. 
The overall mean incidence per 100.000 persons per year was 1.77, for males 2.16, and 
for females 1.4. Mortality for acute pancreatitis fl uctuated during 1995-2005 between 
6.9 and 11.7 per million persons per year and was almost similar for males and females. 
Concerning chronic pancreatitis, the mortality for males fl uctuated between 1.1 and 4.0, 
for females between 0.7 and 2.0. On average, population mortality for both acute and 
chronic pancreatitis remained fairly stable. Incidence and mortality rates of acute and 
chronic pancreatitis increased markedly by age and are lower for international standard 
populations. In light of the continuing ageing of the Dutch population, patient burden 
and health care costs will most probably increase. 

Part II: Clinical aspects of acute pancreatitis
The second part of the thesis starts with an overview of the present literature con-
cerning several aspects of enteral nutrition in acute pancreatitis [chapter 5]. To date, 
there is substantial scientifi c evidence that enteral nutrition is preferred over parent-
eral nutrition in acute pancreatitis. Nasogastric tube feeding appears to be safe and 
well-tolerated in the majority of patients with severe acute pancreatitis, rendering the 
concept of pancreatic rest less probable. Enteral nutrition has a benefi cial infl uence on 
the outcome of acute pancreatitis and should probably be initiated as early as possible 
(within 48 hours). In [chapter 6] we report an observational study in which the over-
all nutritional management by attending physician(s) during the time of admission for 
acute (recurrent) pancreatitis was assessed in a Dutch multicentre setting (EARL study). 
In this series, the overall nutritional management resulted in a limited total starvation 
time for both mild and severe acute pancreatitis. It seems that, according to internation-
al guidelines, additional nutritional interventions were undertaken early in the course 
of the disease with enteral feeding via the jejunum as the preferred route. However, 
physicians should remain vigilant with regard to the nutritional status and nutritional 
requirements of patients admitted for acute pancreatitis.

 In [chapter 7] we evaluated the practice and yield (alternative diagnosis and/or the 
development of early (peri)pancreatic necrosis) of CT scans acquired within 4 full days 
aft er symptom onset in the same cohort of patients with an established clinical diagno-
sis of acute (recurrent) pancreatitis. We showed that early CT scans are oft en performed 
during admission for mild and severe acute pancreatitis. In either group, none of the 
early CT scans showed pancreatic necrosis, no alternative diagnoses were established, 
and no relevant implications with regard to clinical management emerged. It seems 
prudent that clinicians should be more restrictive, especially in mild acute pancreatitis, 
in the use of early CT scans. An early CT should only be obtained if there is clinical doubt 
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about the diagnosis of acute pancreatitis or to exclude other life-threatening conditions. 
Accordingly, unnecessary radiation exposure will be prevented and costs saved. 

Finally in [chapter 8] we describe in our observational cohort the use and discontin-
uation of pancreatitis-associated drugs at hospital admittance and discharge according 
to a recent evidence-based drug-induced pancreatitis classifi cation system. Drugs are 
considered a relatively rare cause of acute pancreatitis. We show that pancreatitis-asso-
ciated drugs are very frequently (70/168 or 41.6%) used at the time of hospital admission 
for acute (recurrent) pancreatitis. In more than a quarter of cases (44/168 or 26.2%), 
these pancreatitis-associated drugs are ranked as class I drugs, the highest level of evi-
dence for an association with acute pancreatitis. Physicians must be more aware of the 
possibility of drug-induced pancreatitis and discontinue pancreatitis-associated drugs 
at admission accordingly, in particular in recurrent acute pancreatitis of unknown cause. 
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At the end of this thesis on the epidemiology of acute and chronic pancreatitis as well 
as the clinical aspects of acute pancreatitis, it is of interest to address the need and 
potential for further research in these areas. 

Epidemiology of acute and chronic pancreatitis
In [chapter 2] we demonstrate that the completeness and accuracy of data registries 
should be ascertained before their use for scientifi c purposes. Whereas national and 
international reports on incidence and prevalence of acute and chronic pancreatitis can 
only be compared meaningfully if the registries used are validated, we suggest that 
more validation studies should be done. We detected substantial miscoding at the indi-
vidual patient level of discharge diagnoses of acute and chronic pancreatitis. Apparently, 
the labelling of acute versus chronic pancreatitis causes considerable confusion by the 
(junior and senior) physicians who compose the discharge letters or by the medical cod-
ers who select the discharge diagnoses. Actually, it would be of interest to assess their 
actual basic and clinical knowledge about acute and chronic pancreatitis. 

A related issue concerns the defi nition of acute and, in particular, of chronic pancrea-
titis, which may not always be clear. For example, several classifi cation systems have 
been developed for chronic pancreatitis that are oft en complex and only suitable for sci-
entifi c research. It is challenging to develop a simple defi nition for chronic pancreatitis 
which can be applied easily in daily clinical practice. 

In recent decades several large scale epidemiological studies on acute pancreatitis 
have been performed, which has not yet been matched by a similar interest in chronic 
pancreatitis (chapter 1). For acute pancreatitis it is clear that the incidence and number 
of hospital admissions increased in the Western countries. We show in our studies that 
this holds for the Dutch population too [chapter 3 and 4]. For chronic pancreatitis we 
also reported a marked increase in hospital admissions for chronic pancreatitis, but 
the incidence for chronic pancreatitis fl uctuated and did not show a steady increase. 
Considering that the incidence of both, acute and chronic pancreatitis clearly increase 
by age [chapter 4], we expect the observed increasing trends to continue in the near 
future in our ageing Dutch population. Generally, an increasing societal impact of acute 
and chronic pancreatitis is to be expected in all ageing populations, including in creasing 
patient burden and consumption of health care. Hence, further research may be needed 
into the consequences of acute and chronic pancreatitis for quality of life, for (indi-
vidual) socio-economic circumstances like sick leave or unemployment, as well as for 
the involved health care costs. 

The most reasonable explanation for the increasing trends in incidence and hospital 
admissions in the Western countries is the increased prevalence of the main two etio-
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logical factors: gallstones and alcohol abuse. Obesity a growing problem in almost all 
Western countries and is clearly linked to the development of gallstones. Furthermore, it 
has been shown that the incidence of acute pancreatitis follows the changes in alcohol 
consumption and that the per person alcohol consumption is related to the numbers of 
chronic pancreatitis discharges. Further, preferably large scaled, epidemiological studies 
are needed to substantiate these etiological and other explanations for incidence pat-
terns of acute and chronic pancreatitis.

Clinical aspects of acute pancreatitis
Lately, basic and clinical research on diff erent aspects of enteral nutrition in acute pan-
creatitis gave new input to the knowledge of pathophysiology of acute pancreatitis and 
changed the nutritional management in acute pancreatitis [chapter 5]. To date, ran-
domized controlled trials have been started to confi rm the safety and eff ectiveness of 
nasogastric feeding and to investigate the role of early nutrition support. It is to be 
expected that these large scale trials will give more defi nite answers and that several 
management guidelines will be updated. In our observational cohort we showed that 
nutritional management resulted in a limited total starvation time for a vast majority 
of patients admitted for acute pancreatitis [chapter 6]. Whether or not these patients 
suff ered from undernutrition at or during admittance was not a subject of this study. It 
seems likely that some patients may have suff ered from undernutrition to some extent. 
Also, it is possible that, for example among patients admitted with an alcoholic pancre-
atitis, already some degree of undernutrition was present. Generally, it has been shown 
that undernutrition is associated with a worse disease outcome and a higher morbidity. 
However, the causal link between undernutrition and the outcome of acute pancrea-
titis has not been properly investigated. Further observational studies are needed to 
investigate the presence and/or development of undernutrition in mild and severe acute 
pancreatitis, the possible relationship with diff erent etiological factors and whether 
 undernutrition negatively aff ects the outcome of acute pancreatitis. 

The use of a CT scan early in the course of acute pancreatitis may be indicated to 
identify early (peri) pancreatic necrosis in patients with signs of organ failure or sys-
tematic infl ammatory response syndrome. However, the scientifi c proof of the early 
presence of pancreatic necrosis is poor and it is questionable if this fi nding will lead to 
a change in clinical management anyway. We showed in our observational cohort with 
mainly mild acute pancreatitis patients that no early CT scan detected the presence of 
pancreatic necrosis [chapter 7]. Further prospective cohort studies are needed to give 
more defi nite scientifi c input to the concept of the early presence of pancreatic necro-
sis. Because of the low yield and no management implications we advised that clinicians 
should be more restrictive in the use of early CT, in particular for mild acute pancreatitis. 
It is of interest to investigate if early CT scans indeed are less oft en acquired overtime.
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Drugs are considered a relatively rare cause of acute pancreatitis. However, we showed 
that pancreatitis-associated drugs are very frequently used at admission [chapter 8]. It 
is not clear whether this is a refl ection of their frequent use in general or of a true causal 
relationship between the use of these drugs and the development of acute pancreatitis. 
Also, an unresolved issue is how some drugs actually promote the development of acute 
pancreatitis. Larger prospective epidemiological studies are warranted to establish the 
true risk of acute pancreatitis for various drugs. A uniform classifi cation system that is 
accepted by a wide audience of researchers and physicians, would be of great help to 
this end. With the results of these epidemiological studies, experimental (animal) stud-
ies may be indicated to resolve the pathophysiology of drug-induced acute pancreatitis.

For sure, the pancreas has been and will remain the subject of fascinating and challeng-
ing basic and clinical research for several decades. 
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Dit proefschrift  omvat studies betreff ende acute en chronische pancreatitis, beide zijn 
ziektes die gekenmerkt worden door ontstekingsreacties van het pancreas. Twee ver-
schillende onderzoeksgebieden worden beschreven, vandaar dat dit proefschrift  be-
staan uit twee delen. Deel I omvat de epidemiologische studies naar acute en chroni-
sche pancreatitis. Deel II betreft  de studies naar de verschillende klinische aspecten van 
alleen acute pancreatitis.

Deel I: Epidemiologische studies naar acute en chronische pancreatitis
In [hoofdstuk 1] wordt een overzicht gegeven van de recente ontwikkelingen wat be-
treft  de epidemiologie, etiologie, natuurlijk beloop en uitkomsten van acute en chro-
nische pancreatitis. De laatste decennia zijn de incidentie en het aantal ziekenhuis-
opnamen in de westerse wereld toegenomen voor acute en, hoewel minder goed vast 
gesteld, voor chronische pancreatitis. Deze toename over de tijd lijkt gerelateerd te zijn 
aan een verandering van de prevalentie van de belangrijkste etiologische factoren zoals 
galstenen en alcohol misbruik. Het letaliteitspercentage oft ewel de ‘case fatality rate’ 
is voor acute pancreatitis over de tijd afgenomen, echter de totale populatie sterft e van 
acute en chronische pancreatitis veranderde niet.

In [hoofdstuk 2] evalueerden we de betrouwbaarheid van brongegevens van de 
Landelijke Medische Registratie (LMR) betreff ende de ziekenhuisopnamen voor acute en 
chronische pancreatitis in Nederland. Alle ontslagdiagnosen van het Academisch Me-
disch Centrum gerelateerd aan acute en chronische pancreatitis werden uit de periode 
2002 en 2003 opnieuw onderzocht en vergeleken met de gegevens zoals ze oorspron-
kelijk waren gemeld aan de LMR. We tonen aan dat er sprake is van een aanzienlijke 
fout codering van ontslagdiagnosen betreff ende acute en chronische pancreatitis op 
het niveau van individuele ziekenhuisopnamen. Echter, op groepsniveau zijn het aantal 
ziekenhuisopnamen voor acute en chronische pancreatitis ligt onderschat, respectieve-
lijk met 15.8% en 6%. We concluderen dat de LMR gebruikt kan worden als een relatief 
betrouwbare bron voor grootschalige epidemiologische studies naar acute en chroni-
sche pancreatitis. In [hoofdstuk 3] gebruikten we de LMR registratie om de trends wat 
betreft  ziekenhuisopnamen voor zowel acute als chronische pancreatitis in de periode 
1992-2004 te beschrijven en voorspelden we het aantal opnamen tot en met 2010. In de 
12-jarige tijdsperiode, steeg het totale aantal acute en chronische pancreatitis opnamen 
per jaar aanzienlijk, respectievelijk van 11.8 naar 19.2 en van 5.2 naar 8.5 per 100.000 per-
soonsjaren. De mate van groei was hoger voor vrouwen dan voor mannen. Het is aan-
nemelijk dat deze trend zich in de nabije toekomst zal gaan voortzetten. Tenslotte rap-
porteren we in [hoofdstuk 4] de incidentiecijfers van acute en chronische pancreatitis 
voor de periode 2000-2005 door gebruik te maken van koppeling van drie verschillende 
nationale Nederlandse registraties: de LMR, het gemeentelijk bevolkingsregister en het 
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doodsoorzaken register. Ook beschrijven we de sterft ecijfers van acute en chronische 
pancreatitis voor de periode 1995-2005. Aanvullend worden de incidentie- en sterft e-
cijfers over de tijd voor Nederlandse (jaar 2000) en internationale standaard populaties 
gerapporteerd. We tonen aan dat tussen 2000-2005 de incidentie van acute pancreatitis 
per 100.000 personen per jaar steeg, zowel voor mannen (van 13.8 naar 15.2) als voor 
vrouwen (van 12.7 naar 14.2). In tegenstelling tot acute pancreatitis, waren de patronen 
van de incidentiecijfers van chronische pancreatitis wisselend over de tijd. De totale 
gemiddelde incidentie per 100.000 personen per jaar was 1.77, voor mannen 2.16 en 
voor vrouwen 1.4. De sterft e voor acute pancreatitis gedurende 1995-2005 fl uctueerde 
tussen 6.9 en 11.7 per miljoen personen per jaar en was bijna gelijk voor mannen en 
vrouwen. Aangaande chronische pancreatitis fl uctueerde de sterft e voor mannen tus-
sen 1.1 en 4.0 per miljoen personen per jaar, voor vrouwen tussen 0.7 en 2.0. Gemiddeld 
bleef de populatie sterft e voor zowel acute als chronische pancreatitis tamelijk gelijk. De 
incidentie- en sterft ecijfers van acute en chronische pancreatitis stegen aanzienlijk met 
toenemende leeft ijd en zijn lager voor internationale standaard populaties. In het kader 
van de vergrijzing van de Nederlandse samenleving is het aannemelijk dat de patiënt 
last en de gezondheidszorg kosten zullen toenemen.

Deel II: Klinische aspecten van acute pancreatitis
Het tweede gedeelte van het proefschrift  begint met een overzicht van de recente lite-
ratuur betreff ende de verschillende aspecten van enterale voeding bij acute pancreatitis 
[hoofdstuk 5]. Tot nu toe is er ruimschoots wetenschappelijk bewijs dat enterale voe-
ding de voorkeur heeft  boven parenterale voeding bij acute pancreatitis. Nasogastrische 
sondevoeding blijkt veilig te zijn en wordt goed verdragen in de meerderheid van de 
patiënten met een ernstige acute pancreatitis, dit maakt de juistheid van het concept 
van pancreas rust minder waarschijnlijk. Enterale voeding heeft  een voordelige invloed 
op de uitkomst van acute pancreatitis en moet waarschijnlijk zo vroeg mogelijk worden 
gestart (binnen 48 uur). In [hoofdstuk 6] rapporteren we het totale voedingsbeleid zo-
als deze was uitgevoerd door de behandelend arts(en) tijdens een opname vanwege een 
acute (recidiverende) pancreatitis, vastgelegd in een Nederlandse multicenter observa-
tionele studie (EARL studie). Het totale voedingsbeleid resulteerde in een beperkte to-
tale periode van starvatie voor zowel milde als ernstige acute pancreatitis. Het blijkt dat, 
conform de internationale richtlijnen, snel aanvullende voedingsmaatregelen al vroeg 
in de loop van de ziekte worden genomen, waarbij enterale voeding in het  jejunum de 
voorkeur heeft . Echter, het is van belang dat artsen oog blijven hebben voor de voe-
dingstoestand en de voedingsbehoeft en van patiënten opgenomen vanwege een acute 
pancreatitis. 

In [hoofdstuk 7], evalueerden we het gebruik en opbrengst (alternatieve diagnose 
en/of de ontwikkeling van vroege (peri)pancreatische necrose) van CT scans welke wa-
ren vervaardigd binnen 4 volledige dagen na het starten van de symptomen binnen 
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hetzelfde cohort van patiënten met een bevestigde diagnose van acute (recidiverende) 
pancreatitis. We toonden aan dat vroege CT scans vaak werden gemaakt tijdens een 
opname voor een milde en ernstige acute pancreatitis. In beide groepen, werd op geen 
enkele CT scan pancreas necrose aangetoond, werd(en) er geen alternatieve diagnose(n) 
vastgesteld en volgden er geen relevante veranderingen van het klinisch beleid. Het is 
van groot belang dat artsen terughoudend zijn bij het aanvragen van vroege CT scans, 
in het bijzonder bij milde acute pancreatitis. Een vroege CT scan dient alleen vervaardigd 
te worden als er klinische twijfel bestaat omtrent de acute pancreatitis diagnose of om 
andere levensbedreigende oorzaken uit te sluiten. Hiermee wordt onnodige stralingsbe-
lasting voorkomen en kosten bespaard.

Tenslotte beschrijven we in [hoofdstuk 8] in ons observationeel cohort het gebruik 
bij opname en het staken bij ontslag van pancreatitis-geassocieerde medicatie, zoals 
deze staan vermeld in een recent evidence-based classifi catie systeem van medicatie 
die pancreatitis kunnen induceren. Medicatie wordt doorgaans als een relatief zeldzame 
oorzaak van acute pancreatitis beschouwd. We toonden aan dat pancreatitis-geassoci-
eerde medicatie erg frequent (70/168 of 41.6%) werd gebruikt bij een ziekenhuisopname 
vanwege een acute (recidiverende) pancreatitis. In meer dan een kwart van de gevallen 
(44/168 of 26.2%) was deze pancreatitis-geassocieerde medicatie gekwalifi ceerd als een 
klasse I medicijn, het hoogste niveau van bewijs wat betreft  de associatie voor het indu-
ceren van een acute pancreatitis. Artsen moeten meer bewustzijn van de mogelijkheid 
van een door medicatie geïnduceerde pancreatitis en dienen vervolgens de pancreatitis-
geassocieerde medicatie te staken, vooral bij een recidiverende acute pancreatitis waar-
bij de oorzaak onbekend is.
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In 2002 werd ik aangenomen voor de opleiding tot MDL-arts. Ik was erg trots dat het luk-
te om de opleiding in het AMC te gaan volgen, echter de opleiding zou pas in mei 2004 
starten. Om de twee jaar te overbruggen heb ik gekozen te starten met een promo-
tieonderzoek. Nu, na 9 jaar en een afgeronde MDL opleiding, drie prachtige dochters en 
een vaste baan in een inspirerend ziekenhuis verder, kan ik zeggen dat ik vele facetten 
van het onderzoek onder verschillende omstandigheden heb meegemaakt. 

Onderzoek verrichten doe je zeker niet alleen. In de afgelopen periode ben ik door vele 
mensen bijgestaan bij de totstandkoming van dit proefschrift . Mijn dank gaat uit naar 
allen die hierbij, zowel direct als indirect, betrokken zijn geweest. Een aantal mensen wil 
ik graag in het bijzonder bedanken.

prof. fockens, beste Paul, met jou had ik al voor mijn co-schappen gesproken over 
het vak van MDL-arts. Nadat jij mij een rondleiding gaf op de afdeling wist ik zeker dat 
ik MDL-arts wilde worden in het AMC. Later bleek je zelfs mijn opleider te zijn. Je bent 
een zeer bekwaam endoscopist en een betrokken opleider. Hoewel je niet direct bij mijn 
onderzoek betrokken was, heb jij altijd geïnformeerd naar de voortgang ervan en mij 
aangemoedigd om te volharden. Dank voor je betrokkenheid en dat jij mijn promotor 
wilt zijn. 

prof. bruno, beste Marco, jij was dat veelbelovende stafl id in het AMC waar ik mijn 
promotieonderzoek bij ben begonnen. Daar is niets teveel mee gezegd. Het is een eer 
om als eerste bij jou te mogen promoveren nu jij hoogleraar bent. Jij hebt me wegwijs 
gemaakt in de wereld van het onderzoek. Hierbij liet je me vrij, stuurde en corrigeerde 
je me met het nodige relativeringsvermogen. Naast een wetenschapper bij jij ook een 
uitstekend arts/endoscopist. Dit is een unieke combinatie die ik erg bewonder. Dank 
voor je begeleiding en ik hoop nog regelmatig met je te mogen samenwerken.

marcel dijkgraaf, dank dat jij mijn copromotor bent. Je bent een methodologisch won-
der en staat aan de basis van al mijn epidemiologische onderzoeken. Het is erg prettig 
en gezellig samenwerken met iemand zoals jij. Je hebt een geweldig gevoel voor humor 
en een fantastisch, soms voor mij iets te snel, denkvermogen. Vriendschappelijk. 

Graag wil ik prof. dr. d.j. gouma, dr. j.b. reitsma, prof. dr. h.g. gooszen, prof. dr. j.p. 
drenth, prof. dr. a.a. masclee en dr. e.a.j. rauws bedanken voor de kritische beoordel-
ing van mijn proefschrift  en de bereidheid plaats te nemen in mijn promotiecommissie. 
Ook dank aan prof. dr. o.r.c. busch die bereid is om als opponent met mij van ge-
dachten te wisselen tijdens de openbare verdediging. 
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Een belangrijk deel van mijn proefschrift  is tot stand gekomen mede door de inzet van 
de leden van de Amsterdamse GUT club. Zonder jullie, geen EARL studie. Dank voor jullie 
prettige en enthousiaste samenwerking. 

erik rauws, jij vormt de spil van de HPB groep in het AMC. Als ervaren clinicus ben je 
kritisch en relativerend. Het was een groot genoegen om van jou de ERCP techniek te 
mogen leren. Dank voor je betrokkenheid bij het onderzoek en dat jij in mijn promo-
tiecommissie zitting hebt willen nemen. 

De kern van de HPB onderzoeksgroep wordt gevormd door jitteke de jong, elsemieke 
van gimpel en ilja peute. Zonder jullie hulp was de inclusie en verzameling van gegevens 
voor de EARL database niet gelukt. Dank voor jullie fantastische inzet en gezelligheid.

jan de graaf, jij volmaakte de EARL database en was er altijd als er op ICT gebied weer 
iets aan de hand was. Dank voor je hulp.

esther vogels, jij hebt mij zeer enthousiast en geduldig wegwijs gemaakt in de wondere 
wereld van het DNA. Dank voor je inzet en gezellige samenwerking.

prof. bartelsman, beste Joep, jij hebt mede aan de basis gestaan van mijn keuze om 
MDL-arts te worden. Je bent de betrokken arts van mijn moeder geweest en hebt me als 
jongen al geïnspireerd. Je vrouw annekatrien heeft  mijn CV onder je aandacht gebracht, 
wat er toe heeft  geleid dat ik mocht komen solliciteren. Tijdens mijn opleiding was jij 
afdelingshoofd en heb ik veel van je geleerd. Je bent een geweldig ervaren clinicus met 
een onuitputtelijke hoeveelheid humor, nuchterheid en creativiteit. Het is een eer dat ik 
samen met jou en fiebo ten kate een casuïstisch boekje heb uitgegeven. Dank.

prof. mathus-vliegen, beste Lisbeth, je bent een bijzonder mens. Wat een tomeloze 
inzet heb jij voor je patiënten en vak. Bewonderenswaardig. Van jou heb ik de basis 
endoscopische vaardigheden geleerd. Je betrokkenheid naar mijn onderzoek heeft  on-
dermeer tot twee mede auteurschappen in dit proefschrift  geleid. Dank voor je mede 
begeleiding.

Om te kunnen promoveren naast je opleiding en werk heb je steun nodig van je colle-
ga’s. Dank ben ik verschuldigd aan mijn mede arts-assistenten in het AMC en natuurlijk 
aan mijn maten in het Rijnstate ziekenhuis die mij er regelmatig subtiel op attendeerden 
dat het tijd was dat de ‘s’ er van spoedig vanaf moest. 

Dank aan alle vrienden die voor de nodige steun, afl eiding en ontspanning hebben 
gezorgd de afgelopen jaren.

dank woord
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Mijn paranimfen, frank en peter, dank dat jullie me tijdens de verdediging bijstaan. 
Frank, lieve broer, helaas gaat het proefschrift  niet over linkszijdige decompensatio 
 cordis. Ik vind het fi jn dat we als broers herenigd zijn in Arnhem en ik geniet als we samen 
mountainbiken over de Veluwe. Peter wat was het bijzonder als wij samen fi etsten door 
de polder naar het AMC. We hebben heel wat besproken en gefi losofeerd onderweg. Ik 
denk er nog regelmatig met weemoed aan terug. 

Lieve schoonfamilie, zoals altijd zijn jullie er bij belangrijke momenten. Dank voor jullie 
steun en interesse in mijn opleidings- en onderzoeksactiviteiten. 

Lieve paps en mams, inderdaad: met je best doen kom je een heel eind. Jullie hebben me 
altijd ondersteund bij de keuze om arts te worden. Dank voor jullie zorgzame opvoeding, 
betrokkenheid en eeuwig vertrouwen. 

Tot slot caecilia. Lief, je bent mijn steun en toeverlaat. Dank voor je geduld en fl exibili-
teit de afgelopen jaren. Onze drie pracht dochters chaja, lotte en yael zijn onze trots en 
hun ontwikkeling is fantastisch om mee te maken. Ik hou heel veel van mijn Arnhemse 
meisjes! 
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marcel spanier was born on 26th May 1971 in Hoogeveen, the Netherlands. He went 
to high-school at the Thijcollege in Oldenzaal from which he graduated in 1991. In the 
same year he started Health Sciences at the University of Maastricht and one year later 
he could switch to Medical School at the Free University in Amsterdam. During his study 
years he worked as a student-assistant at the department of General Practice of the Free 
University and worked in several nursing institutions in Amsterdam. In this time period, 
Marcel was an enthusiastic member of the student rowing club ‘Okeanos’, were he also 
met his beloved wife. Aft er he graduated from Medical School in August 1998 he started 
to work for one year as a resident at the department of Medical Oncology of the Free 
University in Amsterdam (prof. dr. h.m. pinedo). Hereaft er, he worked from Septem-
ber 1999 until August 2002 as a resident in Internal Medicine at the Spaarne Hospital, 
 location Heemstede (dr. k. bakker). From September 2002 until April 2004 he started 
to work as a research fellow under supervision of dr. marco bruno at the department of 
Gastroenterolgy and Hepatology at the Academic Medical Center in Amsterdam. In col-
laboration with 18 affi  liated hospitals from the Amsterdam Gastroenterological Associa-
tion, an observational prospective cohort study regarding acute and chronic pancreatitis 
was initiated (EARL study). At that time he also completed his rotations Intensive Care 
Medicine and Consultant Internal Medicine in the Academic Medical Center. From May 
2004 until April 2007 he was trained as a gastroenterologist at the Academic Medical 
Center (prof. dr. p. fockens). Aft erwards he could stay until December 2007 as a (part 
time) staff  member and expanded his research. Since January 2008 he is a staff  member 
of the department of Gastroenterology and Hepatology of Rijnstate Hospital in Arnhem. 
Marcel is married to caecilia hoogenraad and together the have three beautiful daugh-
ters chaja, lotte and yael.






