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INTRODUCTION
Acute pancreatitis is an inflammatory disease of the pancreas with sudden onset. The
severity of acute pancreatitis may vary from mild to life threatening. There are many
risk factors for acute pancreatitis, among which gallstones and alcohol abuse are most
widely known. Drugs are considered as potential risk factors for acute pancreatitis, but
have received relatively little attention in the medical literature.
In this thesis, several epidemiological studies were performed to assess the relationship between drug use and acute pancreatitis.
Outline of the thesis
To estimate the public health impact, the incidence and mortality of acute pancreatitis were studied in chapter 2. Chapter 3 starts the exploration of the relation between
drug use and acute pancreatitis with a description and evaluation of spontaneous
reports on drug-associated acute pancreatitis. Next, we systematically reviewed the
literature to summarise current knowledge on drug-associated acute pancreatitis. On
the basis of the descriptive studies described in chapter 3, we conducted several analytic epidemiologic studies to quantify the association between use anti-ulcer drugs,
cardiovascular drugs, psychotropic drugs, vitamin D, lipid lowering drugs and acute
pancreatitis in chapter 4. The results of our studies on drug-associated acute pancreatitis are discussed in chapter 5.

ACUTE PANCREATITIS: A GENERAL OVERVIEW
Introduction
Acute pancreatitis is an acute inflammatory process of the pancreas. The clinical signs
may vary from mild disease in most patients to multi-organ failure and sepsis in about
20% of patients.(1,2) In mild acute pancreatitis there is minimal tissue damage which
is followed by resolution of the inflammatory process with relatively little tissue
damage. In severe acute pancreatitis, the pancreas contains areas of both oedema and
necrosis. Veins and venules are often affected with granulocytic infiltration, thrombosis, necrosis, rupture and haemorrhage.(3)
The overall case-fatality of acute pancreatitis is 5-10%,(4) but may be as high as
40% in patients with infected necrosis of the pancreas.(5) Early deaths in acute pancreatitis are mainly due to multi-organ failure, which is probably caused by release of
mediators and cytokines from the inflamed and necrotic pancreas.(6) The majority
of deaths, however, are due to local and systemic septic complications later in the
Introduction
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disease course.(6)
Clinical presentation and diagnosis
Acute pancreatitis usually has a rapid onset of severe upper abdominal pain, nausea,
vomiting, and low-grade fever. In its most typical form, the pain is located in the epigastric area, radiates to the back, and is worse in the supine position.(2) Signs of peritonitis are usually absent or mild, due to the retroperitoneal location of the pancreas.
In its most severe form, acute pancreatitis may present with cardiac and renal failure,
hypovolemic shock, and pulmonary insufficiency within two weeks of onset. Local
complications such as pseudocysts, and pancreatic abscess usually develop later in
the course of acute pancreatitis.(1)
The diagnosis of acute pancreatitis rests on careful clinical examination with
supportive evidence from laboratory and radiological techniques. The association
between acute pancreatitis and elevated serum levels of amylase has been recognised
for decades,(7) and amylase measurement is still the most frequently used diagnostic
test for acute pancreatitis. However, serum amylase is also elevated in patients with
salivary gland disorders, renal failure, and intestinal perforations.(8) Serum lipase is
a more specific sign of acute pancreatitis than serum amylase and remains elevated
for a longer period of time.(9) Other potential markers such as phospholipase A2, pancreas-associated protein, and trypsinogen-2 have been tested, but have failed to find
their way into clinical practice.(10)
Ultrasonography and computed tomography may show edema of the pancreas,
pancreatic necrosis, peripancreatic fat infiltrations, fluid collections, pseudocysts, or a
pancreatic abscess. However, these imaging procedures may be negative in over 30%
of patients.(11,12)
Treatment
Treatment of acute pancreatitis depends on on the severity. In most cases, treatment
of acute pancreatitis is largely supportive and consists of eliminating oral intake, vigorous rehydration, and parenteral analgesia. Patients with a severe attack of acute
pancreatitis should be admitted to an intensive care unit for optimal support. Several prognostic models have been developed to identify patients with a high risk of
running a severe course (table 1a and 1b). The APACHE II score is accurate, can be
assessed in the first 24 hours after admission, but is cumbersome. Many single value
predictors have been tested, but most assays are not routinely available (table 2). Creactive protein (CRP) is the most practical single value predictor, but is only accurate
after 48 hours.(13) Measurement of trypsinogen activation peptide (TAP) in urine is a
promising development.(14)
INTRODUCTION
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7.6-7.69
41.-51.9
160-179
6-6.9
2-3.4

≥7.7
≥52
≥180
≥7
≥3.5
≥60
≥40
15 minus

39.0-40.9
130-159
140-179
35-49
350-499

≥41
≥160
≥180
≥50
≥500

+3

1.5-1.9
50-59.9
20-39.9
actual

155-159

200-349

110-129
110-139

+2

46-49.9
15-19.9
Glasgow

7.5-7.59
32-40.9
150-154
5.5-5.9

25-34

38.5-38.9

+1

APS
36-38.4
70-109
70-109
12-24
<200
70
7.33-7.49
23-31.9
130-149
3.5-5.4
0.6-1.4
30-45.9
3-14.9
score

0

3-3.4

61-70

10-11

34-35.9

+1

7.25-7.32
18-21.9
120-129
2.5-2.9
<0.6
20-29.9
1-2.9

32-33.9
50-69
55-69
6-9

+2

55-60
7.15-7.24
15-17.9
111-119

40-54

30-31.9

+3

<20
<1

≤54
≤7.14
<15
≤110
≤2.4

≤29.9
≤49
≤39
≤5

+4

History of severe organ system insufﬁciency
or immunocompromised:
Non-operative
5
Emergency postoperative
5
Elective postoperative
2

≤44
45-54
55-64
65-74
≥75

APS+AP+CHP = Total score

Scoring

Cut-off levels differ between studies: a score of more than 6-9 points is associated with severe acute pancreatitis.

0
2
3
5
6

Chronic health problems (CHP)

Age points (AP)

APACHE II score continued

APS=acute physiology score, BP=blood pressure, A-aPo2=alveolair-arterial oxygen difference, PaO2=pressure of oxygen in arterial blood, WBC=white blood cell.
*use if percentage of inspired oxygen (FiO2)>50%
†use if FiO2<50%
‡use only if no arterial blood gas measurement is available
double score in acute renal failure

Temperature (oC)
Mean arterial BP (mmHg)
Heart rate (bpm)
Respiratory rate
A-aPo2*
PaO2†
Arterial pH
HCO3-‡ (mmol/l)
Sodium (mmol/l)
Potassium (mmol/l)
Creatinine (mg/100ml)
Hematocrit (%)
WBC count (109/l)
Glasgow coma score

+4

Table1a
APACHE II score for severity prediction in acute pancreatitis

Table 1b
Glasgow criteria for severity prediction in
acute pancreatitis

Table 2
Single value predictors
Predictors

Factor

Positive if

Age
Arterial PO2
serum albumin
Serum calcium
White blood cell count
ASAT
LDH

>55 years
<8.0 kPa
<32 g/l
<2.0 mmol/l
>15.109/l
>100 U/l
>600 IU/l
>10 mmol/l (in
absence of DM)
>16 mmol/l

Blood glucose
plasma urea

The presence of 3 or more prognostic factors is
associated with severe acute pancreatitis

C-reactive protein (CRP)*
Tumour necrosis factor (TNF) *
Interleukin-6*
Interleukin-8*
Polymorphonuclear elastase*
Trypsinogen activation peptide (TAP) *
Phospholipase A2*
Pancreas-associated protein (PAP) *
Carboxypeptidase B activation peptide *
Obesity (BMI >30 kg/m2)
Pleural effusion
*Cut-off levels differ between studies

In severe pancreatitis, the patient requires careful monitoring for development of
local and systemic complications. Shock should be treated immediately and respiratory support and dialysis are used to treat pulmonary complications and renal failure.
Patients with a severe attack of acute pancreatitis should also receive nutritional support. Enteral feeding has shown to be superior to total parenteral nutrition.(15,16)
Drug therapy has not proven to be successful. Amongst others, somatostatin, aprotinin, gabexate, and lexipafant have failed to ameliorate the clinical course of acute
pancreatitis.(1,17) The debate on prophylactic use of antibiotics continues, but imipenem-cilastatin probably reduces the incidence of pancreatic infection in patients with
pancreatic necrosis.(18)
Endoscopic retrograde cholangiopancreaticography (ERCP) should be performed
in patients with severe pancreatitis if biliary obstruction is suspected on the basis
of hyperbilirubinemia or clinical signs of cholangitis.(18) Infected pancreatic necrosis needs urgent surgical debridement as mortality in untreated patients reaches
100%.(18) CT-guided fine needle aspiration may be needed to distinguish between
sterile and infected necrosis. Percutaneous and endoscopic drainage of infected
pancreatic necrosis has successfully been attempted and can be used in selected
patients.(18)
Pathogenesis
Acute pancreatitis is an autodigestive disease; i.e. the pancreas is injured by its own
digestive enzymes. The pancreas synthesizes and stores its digestive enzymes as inactive pro-enzymes or zymogens. Trypsinogen is hydrolysed to trypsin and TAP by the
INTRODUCTION
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Table 3
Inﬂammatory mediators in acute pancreatitis
Pro-inﬂammatory

Anti-inﬂammatory

Tumour necrosis factor-α
Interleukin-1β
Interleukin-6
Interleukin-8
Platelet activating factor
C5a
Substance P
Intercellular adhesion molecule-I

Interleukin-10
C5a

brush border enzyme enteropeptidase in the duodenum. Trypsin subsequently activates the remaining pro-enzymes. In acute pancreatitis there is premature, intrapancreatic activation of trypsinogen, which leads to autodigestion.(19) The mechanisms
responsible for premature activation are unknown, but activation of trypsinogen as
the central event in the induction of pancreatitis is exemplified by recent discoveries
in hereditary pancreatitis. Mutations in the cationic trypsinogen gene (PRSS1) inhibit
autolysis or promote auto-activation of trypsinogen thereby overwhelming the pancreatic defence mechanisms.(20,21) Mutations in the pancreatic secretory trypsin
inhibitor gene (PSTI, SPINK1) lower the threshold for other etiological factors.(21)
In experimental models, co-localisation of lysosomal enzymes, notably cathepsin B,
with trypsinogen leads to activation of the latter.(19, 22) Recent evidence showed
that elevated intracellular calcium levels are important in the premature activation of
trypsinogen.(23)
Once zymogens are activated within the pancreas, acinar cell damage occurs which
leads to a local inflammatory response. In severe acute pancreatitis, the inflammatory
mediators reach the general circulation leading to a systemic inflammatory response
syndrome (SIRS).(24) As a consequence, systemic leukocyte activation leads to distinct organ damage. Blockage of pro-inflammatory mediators (table 3) may potentially
ameliorate acute pancreatitis, but this has only been demonstrated in experimental
models.(24)
Etiology
There are many risk factors for acute pancreatitis (table 4). However, the link between
these risk factors and the above-described pathophysiological mechanisms remains
unexplained. Although alcohol abuse and cholelithiasis are present in a majority of
patients, only 3% of patients with gallstones and 10% of patients with alcohol abuse
develop pancreatitis.(25) Reflux of bile into the pancreatic duct and stasis of pancreIntroduction
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Table 4
Etiology of acute pancreatitis
Obstruction
• Gallstones
• Sludge
• Carcinoma: pancreas, ampulla
Toxins
• Alcohol
• Drugs
• Others: insectides, scorpion venom, etc.
Metabolic
• Hypercalcemia
• Hypertriglyceridemia
Trauma
• ERCP
• Abdominal surgery
• Blunt abdominal trauma

Infection
• Viral: mumps, rubella, Coxsackie, hepatitis
A+B, Cytomegalo virus, Herpes simplex,
Varicella zoster
• Parasitic: Ascariasis, Cryptosporidium,
Toxoplasma gondii
• Bacterial: Mycoplasma, Campylobacter,
Mycobacteria, Legionella, Leptospira
Others
• Hereditary
• Cardiopulmonary bypass
• Penetrating peptic ulcer
• Pancreas divisum
• Vasculitis
• End stage renal failure
• etc.

atic secretions due to obstruction have been proposed as a possible explanation for
biliary pancreatitis. (26,27) Smaller stones seem to carry a higher risk of acute pancreatitis than larger stones. (28)
About 5% of patients undergoing ERCP develop clinical pancreatitis. Risk factors
include female gender, prior pancreatitis, lack of experience with ERCP of the performing gastroenterologist, and difficulties in the cannulation. Hypercalcemia and
hypertriglyceridemia are the most likely causes for acute pancreatitis in a few percent
of all patients with acute pancreatitis. In 10-20% of patients no apparent cause for
acute pancreatitis can be found.
Drugs have since long been acknowledged as a potential risk factor for acute
pancreatitis. (29) Since drugs are considered a rare cause of acute pancreatitis, they
are frequently overlooked as a possible cause. The Drug Safety Unit of the Dutch
Inspectorate for Health Care received numerous spontaneous reports on drug-associated acute pancreatitis concerning a wide variety of drug classes. This thesis aims to
describe the relationship between use of therapeutic drugs and development of acute
pancreatitis.
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Incidence and mortality of acute pancreatitis between 1985 and 1995
Introduction: The incidence of acute pancreatitis seems to have risen in Western countries.
It has been suggested that this rise can be explained by improved diagnostic procedures. We
performed a nationwide study to assess the annual gender and age specific incidence and
mortality rates of acute pancreatitis in the Netherlands between 1985 and 1995, a period in
which diagnostic procedures did not change considerably.
Methods: We conducted a population-based retrospective follow-up study, in which we used
automated hospital discharge data accumulated by Prismant Health Care Information. All
patients admitted with acute pancreatitis (ICD-9CM; 577.0) in the Netherlands were identified. We accounted for referrals to other hospitals to avoid double counting and for miscoding of chronic pancreatitis as acute pancreatitis. The annual population size was retrieved
from the Netherlands Central Statistics Office.
Results: The observed incidence rate of acute pancreatitis increased from 12.4/100,000
person-years (95% CI; 11.8-12.9) in 1985 to 15.9/100,000 person-years (95% CI; 15.3-16.5)
in 1995. The annual mortality rate of acute pancreatitis remained fairly stable at 1.5/
100,000 person-years. The incidence and mortality rate of acute pancreatitis rose considerably with age. The case-fatality proportion of first admissions for acute pancreatitis declined
from 14.3% to 10.7%. The case-fatality for relapses remained stable at 3.2%.
Conclusions: In this retrospective study, the observed incidence rate of acute pancreatitis
increased by 28% between 1985 and 1995. Due to a decline in the case-fatality proportion,
the mortality remained stable during this period.

INCIDENCE OF ACUTE PANCREATITIS

14

IE21.indd 14

04-11-2002, 14:17:30

INTRODUCTION
Acute pancreatitis is a severe disease with a considerable mortality. Despite advanced
critical care, the case-fatality remains about 5-10%.(1-4) Gall-stones and alcohol are
the most important risk factors for acute pancreatitis.(5-7) Other risk factors include
hyperlipidemia, hypercalcemia, ERCP and trauma. In 10 to 25% of the patients with
acute pancreatitis no obvious risk factors are present.
In the past 30 years, the incidence of acute pancreatitis seems to have risen in
Western countries.(1,3,8-11) However, it has been suggested that this rise in incidence
of acute pancreatitis may be explained by improved diagnostic tests and imaging procedures. In order to assess the recent trends in incidence and mortality rates of acute
pancreatitis, we performed a nationwide retrospective follow-up study in the Netherlands between 1985 and 1995.

METHODS
Setting
Prismant Health Care Information maintains the National Information System on
Hospital Care (NISHC). The NISHC is a nationwide, automated database, which collects anonymized data on all hospitalizations in academic and general hospitals in the
Netherlands. Recorded data include gender, date of birth, place of residence, type of
health care insurance, admission date, number of days in hospital, mortality, plus a
primary discharge diagnosis and up to nine secondary discharge diagnoses, which are
coded according to the International Classification of Diseases, 9th revision, Clinical
Modification (ICD-9CM). All data are verified by Prismant on a monthly and yearly
basis.
Design and source population
We conducted a population based retrospective follow-up study, using automated
discharge hospital data, which are accumulated by Prismant. The source population
comprised all inhabitants of the Netherlands between 1985 and 1995. The annual
population size was retrieved from the Netherlands Central Statistics Office.
Case ascertainment
Cases were defined as all persons who were admitted for acute pancreatitis between
1985 and 1995. To this purpose we identified all persons who had a primary or secondHospital discharge data
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ary diagnosis of acute or chronic pancreatitis (ICD-9CM; 577.0, 577.1) between 1980
and 1995. An identification code consisting of gender, date of birth and place of residence was assigned to each patient.
In order to avoid double counting of cases we accounted for referrals to other hospitals by checking for consecutive discharge and admission dates, and for identical discharge diagnoses within one admission. Thirty-seven admissions were notified twice
to Prismant, these second notifications were removed from the analysis.
To avoid overestimation of the incidence of acute pancreatitis due to miscoding
of chronic pancreatitis, we recoded all discharge diagnoses of acute pancreatitis into
chronic pancreatitis if an accompanying discharge diagnosis of chronic pancreatitis
was recorded for the same admission. In addition, we recoded a discharge diagnosis of
acute pancreatitis into chronic pancreatitis if the patient had a discharge diagnosis of
chronic pancreatitis in the five years prior to admission.
An admission for acute pancreatitis was considered as a first admission if the patient
had no history of acute pancreatitis in the five years preceding the admission.
Etiology
The total yearly consumption expressed in litres of pure alcohol per capita was
obtained from the Commodity Board for the Distilled Spirits Industry. (12) The
number of patients admitted for gallstone diseases from 1985-1995 and the total
number of endoscopic procedures to the pancreatic and bile ducts from 1991-1995
were collected from the NISHC.
Validation of NISHC
In order to quantify underreporting of acute pancreatitis discharge diagnoses to Prismant, we evaluated coded discharge information of 17 consecutive patients who were
recruited for a population-based case-control study on acute pancreatitis in 1997. Inclusion criteria for this study were a clinical picture compatible with acute pancreatitis
combined with a serum amylase or lipase of more than two times the upper normal
limit, or a typical picture at CT, ultrasound examination, laparotomy, or autopsy.
Secondly, to check the concordance of Prismant discharge information with the
information recorded in the original medical records, we scrutinized the medical
records of all patients of the University Hospital Rotterdam who were notified to Prismant as having acute pancreatitis in 1985, 1990 and 1995. A diagnosis of acute pancreatitis was accepted when the above described case-definition was met.

INCIDENCE OF ACUTE PANCREATITIS

16

IE21.indd 16

04-11-2002, 14:17:31

Analysis
Annual gender and age specific incidence rates were calculated using the number
of cases of acute pancreatitis in the numerator and the mid-year average number of
inhabitants as denominator. Incidence rates were expressed as number of cases per
100,000 person years. According to Rothman et al, 95 percent confidence intervals
(95% CI) should be calculated even if an entire population is included in a study.(13)
We calculated the intervals on the basis of a Poisson distribution.(14) In addition, we
recalculated the annual incidence of acute pancreatitis by reference to the age and
gender structure of 1985.
Mortality rates were calculated as the annual number of patients who died during
admission for acute pancreatitis divided by the mid-year average number of inhabitants in each age and gender category. Ninety-five percent confidence limits were
calculated on the basis of a Poisson distribution.
The case-fatality proportion was calculated as the percentage of patients with an
acute pancreatitis who died during admission. Ninety-five percent confidence limits
were calculated on the basis of a normal approximation to the binomial distribution.
The correlation between the incidence of gallstone diseases, the incidence of endoscopic procedures to the pancreatic and bile ducts, the amount of alcohol consumed
and the incidence of acute pancreatitis was calculated using Spearman’s correlation
coefficient (rs).

RESULTS
Admissions
In the period 1985-1995 we identified a total of 22,266 admissions for acute pancreatitis, in 19,327 (86.8%) of these it concerned a first attack. Of the 9,579 patients admitted
with a first attack of acute pancreatitis in the period 1985-1990, 1047 (10.9%) patients
experienced a relapse within 5 years and 608 (6.4%) patients developed chronic pancreatitis within 5 years.
Males (54.8%) and people with a sickfund health insurance (70.7% vs. 61.5% in
the population) -representing the lower income groups- were overrepresented. The
mean age at first admission for acute pancreatitis was 53.8 years (95% CI; 53.5- 54.1)
for males and 59.3 years (95% CI; 58.9-59.7) for females.
The average duration of a hospital stay for acute pancreatitis decreased from 25.2
(95% CI; 24.1-26.4) days in 1985 to 20.8 (95% CI; 19.9-21.7) in 1995.
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Figure 1
Annual gender speciﬁc incidence rate of acute pancreatitis per 100,000 person-years in the Netherlands between 1985 and 1995 (Bars represent 95% CI). Male (◆), female (■).

Incidence
The observed incidence rate of acute pancreatitis increased from 12.4/100,000 personyears (95% CI; 11.8-12.9) in 1985 to 15.9/100,000 person-years (95% CI; 15.3-16.5) in
1995. This rise in the observed incidence rate was explained by a rise in the incidence
rate of acute pancreatitis as primary discharge diagnosis. The incidence rate of acute
pancreatitis as secondary discharge diagnosis remained stable between 1985 and
1995.
Figure 1 shows the gender specific incidence curves, which indicate that the incidence of acute pancreatitis was consistently higher among men than among women
and increased in both sexes during the study period. In men, the incidence of acute
pancreatitis increased from 14.8/100,000 person-years (95% CI; 13.9-15.7) in 1985 to
17.0/100,000 person-years (95% CI; 16.1-18.0) in 1995. In women the increase was
from 9.9/100,000 person-years (95% CI; 9.2-10.7) in 1985 to 14.8/100,000 person-years
(95% CI; 13.9-15.6) in 1995. Figure 1 shows that the increase did not occur steadily
over the years but appeared predominantly after 1990.
The incidence rate of acute pancreatitis rose markedly with age (figure 2). An
increase of the incidence during the period 1985-1995 was seen primarily among
the elderly. Recalculation of the annual incidence rates by reference to the age and
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Figure 2
Age and gender speciﬁc incidence rates of acute pancreatitis in the Netherlands in the period 19851995 (Bars represent 95% CI). Male (◆), female (■).

gender structure of 1985 showed an increase of 12.4 per 100,000 person-years in 1985
to 14.8 per 100,000 in 1995.
Mortality rate and case-fatality proportion
The overall annual mortality rates for acute pancreatitis remained fairly stable at 1.5/
100,000 person-years between 1985 and 1995. The mortality was very low in children
and young adults, but increased rapidly after 30 years of age to 14.4/100,000 personyears (95% CI; 12.7-16.1) in the age category above 85 years (figure 3).
Figure 4 shows that the case-fatality proportion declined from 13.2% (95% CI;
11.1-15.2) to 9.5% (95% CI; 7.9-11.1) in men (p=0.005) and from 13.0% (95% CI;
10.6-15.5) to 10.0% (95% CI; 8.3-11.8) in women (p=0.043) between 1985 and 1995.
The case-fatality of first admissions declined from 14.3% (95% CI; 12.6-16.1) in 1985
to 10.7% (95% CI; 9.4%-12.0%) in 1995. The case-fatality of relapses remained stable
at approximately 3.2%. Figure 5 illustrates that the case-fatality proportion increases
rapidly with age up to 38.2%(95% CI; 32.1-44.3) in men aged 85 years and over and up
to 30.7% (95% CI; 27.1-34.4) in women aged 85 years and over.
Hospital discharge data
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Figure 3
Age and gender speciﬁc mortality rates of acute pancreatitis in the Netherlands in the period 19851995 (Bars represent 95% CI). Male (◆), female (■).

Etiology
During the study period the total amount of pure alcohol consumed per inhabitant
steadily declined from 8,5 liters in 1985 to 8,0 liters in 1995. The incidence of gallstone
diseases increased slightly from 143.5/100,000 person-years in 1985 to 159.5/100,000
person-years in 1995 (rs with incidence of acute pancreatitis=0.76, p<0.01). The
incidence of endoscopic procedures to the pancreatic and bile ducts increased from
38.2/100,000 person years in 1991 to 61.2 per 100,000 person-years in 1995 (rs with
incidence of acute pancreatitis=0.90, p<0.05)
Validation of NISHC
Of the 17 consecutively enrolled patients in a prospective study on acute pancreatitis,
13 (76%) were correctly notified to Prismant.
We retrieved the medical records of 101 patients from the University Hospital
Rotterdam, who were notified to Prismant with a discharge diagnosis code for acute
pancreatitis in 1985, 1990 and 1995 by the University Hospital Rotterdam. Eightythree (82.2%) were correctly coded with a discharge code for acute pancreatitis. This
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Annual gender speciﬁc case-fatality proportion of acute pancreatitis in the Netherlands in the period
1985-1995. Male (◆), female (■).
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Age and gender speciﬁc case-fatality proportion of acute pancreatitis in the Netherlands in the period
1985-1995. Male (◆), female (■).
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percentage was consistent over the years 1980, 1985, and 1995. Of the 18 remaining
patients, nine patients had an amylase value less than double the upper normal limit
and could therefore not be classified as acute pancreatitis. Furthermore, we found no
mention of abdominal pain in the medical records of an unconscious patient admitted
to a coronary care unit, four patients had chronic pancreatitis, and four patients were
admitted for other diseases.

DISCUSSION
We performed a nationwide study to assess annual age and gender specific incidence
rates of acute pancreatitis in the Netherlands between 1985 and 1995. We observed a
rise in the incidence of acute pancreatitis from 12.4/100,00 person-years in 1985 to
15.9/100,000 person-years in 1995 (28.2%). This trend is consistent with the results of
several other studies.(1,3,8-11) It has been advocated that the increase in incidence
rate found in previous studies may be explained by improved diagnostic procedures.
During 1985-1995 however, diagnostic procedures for acute pancreatitis underwent
no considerable changes and it is therefore unlikely that changed procedures can
explain the observed rise in incidence. Although there is no evidence that hospitalization patterns for acute pancreatitis have changed during the study period, one cannot
exclude that certain factors may have influenced the observed incidence rates in this
retrospective study.
A study on the incidence of acute pancreatitis conducted in Scotland over the
period 1985-1995 showed an increase in the incidence from 25.8/100,000 inhabitants
in 1985 to 41.9/100,000 inhabitants in 1995. (15) A previous study in the Netherlands
observed a rise in the rate of acute pancreatitis from 5.7/100,000 in 1969 to 8.1/100,00
in 1976 for men and a stable incidence of 7.3/100,000 person years for females.(8) On
the assumption that the estimation of the incidence rates were comparable, this would
translate in a rise in incidence of acute pancreatitis of 198.2% for men and 102.7% for
women from 1969 to 1995.
We found strong associations between age and gender and the incidence of acute
pancreatitis. This is consistent with the results of other studies.(3,11) However, the
increase in incidence cannot be solely explained by an aging population as the
incidence of acute pancreatitis standardized for age and gender also showed a rise.
Although the incidence of acute pancreatitis increased between 1985 and 1995, the
annual mortality rate remained fairly stable. This is due to a drop in the case-fatality,
which may be explained by more efficacious intensive care treatment or by a higher
proportion of patients with mild acute pancreatitis. However the case-fatality was still
10% in 1995, which is high compared with the 4.5% which was found in a similar
study in Scotland.(15) One of the reasons for this discrepancy may be an underesINCIDENCE OF ACUTE PANCREATITIS
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timation of mild acute pancreatitis in our study. The mortality rate and case-fatality
proportion rose profoundly with age; in people aged 75 years and over case-fatality
was more than 30%. Fan et al. showed that this higher mortality was accounted for by
a higher occurrence of deaths related to concomitant diseases.(16) The case-fatality
in first attacks was markedly higher than in relapses, which was consistent with other
studies.(9, 17-20)
Previous studies have shown that in 12 to 42 % of patients who die of acute pancreatitis, the diagnosis is first discovered at autopsy. (4,21) As not all patients dying in
hospital are autopsied, the incidence of acute pancreatitis may have been underestimated. Autopsy data that are available are used for coding of discharge diagnoses. This
is exemplified by the fact that of 84 patients who had a fatal attack of acute pancreatitis
and were identified in the database to originate from the University Hospital Rotterdam, 45 were first discovered at autopsy.
About 6% of patients who presented with a first attack of acute pancreatitis developed a chronic pancreatitis within a period of 5 years. This figure is considerably
lower than the 24% found in a study by Reid.(17) These differences are probably
explained by differences in duration of follow-up.
During the study period the total amount of pure alcohol consumed per inhabitant
steadily declined from 8,5 liters in 1985 to 8,0 liters in 1995. Although causal inferences
cannot be drawn from ecological data it seems unlikely that the overall increase in
incidence of acute pancreatitis during the study period can be explained by an overall
decrease in alcohol consumption. On the other hand the incidence rates of gallstone
diseases and the incidence of endoscopic procedures to the pancreatic and bile ducts
were positively correlated with the incidence of acute pancreatitis. The incidence rate
of gallstone diseases increased primarily after 1991, as did the incidence rate of acute
pancreatitis. Unfortunately we had no data on the number of endoscopic procedures
performed in the period 1985-1990, but the numbers are likely to have increased more
in the period 1991-1995 than in the preceding period. Estrogen use is likely to have
increased in the studied period and may partly explain the rise in incidence of acute
pancreatitis in women.
The NISHC contains information on at least 99 % of all admissions to general- and
academic hospitals in the Netherlands. Hospitals supply data to Prismant on a monthly
basis. Thorough validation of the data with feedback to the hospitals increases accuracy of the data.
It has been suggested that hospital disease registry systems are an unreliable
source for incidence calculations. (5) Our limited validation procedures showed that
83% of acute pancreatitis admissions notified to Prismant by the University Hospital
Rotterdam in the years 1985, 1990 and 1995 were correctly coded, which could mean
that the incidence rates in this study are overestimated by 10-20%.
On the other hand, we found that 76% of patients identified as having acute panHospital discharge data
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creatitis in a prospective study were notified to Prismant. Due to the underreporting
on the one hand, and the overreporting due to miscoding , the observed incidence
rates may reflect the true rates. Since these errors are not likely to have changed
considerably during the study period, we do not think they can explain the observed
trend.
In conclusion, we observed an increase in the incidence of acute pancreatitis by
28% in the Netherlands between 1985 and 1995. With a trend downward in case-fatality, the mortality remained stable in this period.
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Incidence of acute pancreatitis in the general population
Introduction: Incidence studies on acute pancreatitis have largely been based on hospital
discharge data. We estimated the incidence and referral rate of a first attack of acute pancreatitis in the general population.
Methods: We conducted a population-based cohort study in the Integrated Primary Care
Information (IPCI) general practitioners database in the Netherlands. We identified all
patients with a diagnosis of acute pancreatitis (ICPC: D99.4, free text) and all patients with
an elevated amylase or lipase between 1 January 1995 and 1 may 1999. For all potential
cases additional clinical information was obtained to validate the diagnosis.
Results: The total study population comprised 242,451 patients, who contributed a total of
599,368 person-years. 110 patients had a computerised primary care history compatible
with a first episode of acute pancreatitis. Acute pancreatitis could be substantiated in 84
(76%). Biliary pancreatitis was more frequent in women (46% vs. 35%), alcohol-related pancreatitis was more frequent in men (29% vs. 3%). The overall incidence rate of a first attack
of acute pancreatitis standardised for the age and gender structure of the Dutch population
in 1995 was 14.2/100,000 person-years. The incidence of acute pancreatitis was higher in
men than in women and rose markedly with age. 82 out of 84 patients with acute pancreatitis were referred to hospital.
Conclusion: Hospital-based incidence studies on acute pancreatitis are comparable to incidence studies based on general population data.
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INTRODUCTION
Acute pancreatitis is an inflammatory disease of the pancreas with considerable
morbidity and mortality. Clinically, acute pancreatitis is characterised by severe
acute abdominal pain, nausea, and vomiting. Laboratory examinations usually reveal
elevated levels of serum amylase and lipase. Gallstones and alcohol are the most
important risk factors for acute pancreatitis. Other risk factors include hyperlipidemia,
hypercalcemia, ERCP and trauma. In 10 to 25% of the patients with acute pancreatitis,
no obvious risk factors are present.(1)
The incidence of acute pancreatitis varies around 10 to 40 per 100,000 inhabitants.(2-7) Recent studies have shown an increase in the incidence of acute pancreatitis.(3,8) Incidence studies on acute pancreatitis have been based on hospitalisation
data. These studies may underestimate the true incidence rate of acute pancreatitis if
not all patients with acute pancreatitis are referred to hospital. We conducted a study
within a general practitioners database to estimate the incidence and referral rate of a
first episode of acute pancreatitis in the general population.

METHODS
Setting
In the Dutch health care system, nearly every citizen is enrolled in the practice of a
general practitioner (GP). The GP acts as a gatekeeper in the health care system and
co-ordinates the secondary medical care for patients registered in the GP practice.(9)
In the Netherlands, over 400,000 patients are registered with one of the 150 GPs
who participate in the Integrated Primary Care Information (IPCI) database project.
Medical data are continuously recorded and sent anonymously to the department of
Medical Informatics of the Erasmus Medical Center Rotterdam in order to be used
for research projects. The computerised information contains demographic data, GP
notes, diagnoses and findings, laboratory values and prescriptions. Summaries of the
hospital discharge letters or information from specialists are included as free text.
Patient complaints and diagnoses are coded according to the International Classification for Primary Care (ICPC). Prescription drugs are coded according to the Anatomical Therapeutic Chemical classification (ATC). To maximise completeness of the
information, GPs participating in the IPCI project are not allowed to have a system of
paper records besides the electronic medical records. The IPCI database has shown to
be a valid database for the conduct of epidemiological research.(10)
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Study population
Our study population comprised all patients who were permanently registered with
one of the participating GP practices. Patients were followed from January 1st 1995,
the date of first participation of the GP in IPCI, or the date of patient registration in
the GP practice, whichever was latest. Follow-up ended upon death, transferring out
of the GP practice, the occurrence of a first episode of acute pancreatitis or chronic
pancreatitis or May 1st 1999, whichever came first. We excluded all patients with a
history of pancreatitis before the inclusion date.
Case ascertainment and definition
By means of a computerised algorithm we identified all patients with an ICPC-code for
pancreatitis (D99.4), and all patients with an elevated serum amylase, serum lipase
or urinary amylase. To avoid potential underascertainment of acute pancreatitis due
to non-coded information (for example from discharge letters) we included a free text
search on pancreas and pancreatitis.
The computerised medical records were reviewed manually for all potential
cases and additional information (discharge letters and laboratory examinations) was
requested from the GP if acute pancreatitis was suspected. All cases were classified as
either definite, probable, chronic, or excluded. Acute pancreatitis was labelled definite
when there was a clinical picture compatible with acute pancreatitis combined either
with an increase in serum amylase or lipase of more than two times the upper limit
of normal, or with confirmatory evidence of acute pancreatitis at imaging procedures,
laparotomy or autopsy. Acute pancreatitis was labelled probable if the medical record
explicitly mentioned that the patient experienced an episode of acute pancreatitis,
but no further information was available. Chronic pancreatitis was defined by the
presence of exocrine pancreatic insufficiency, pancreatic calcifications, or irregular
pancreatic ducts.
Analyses
Age and gender specific incidence rates of acute pancreatitis were calculated by dividing the number of patients with a first episode of acute pancreatitis by the amount of
person time in the study population. Ninety-five percent confidence intervals (95%
CI) were calculated on the basis of a Poisson distribution. Overall incidence rates were
standardised to the age and gender structure of the Dutch population in 1995.
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Figure 1
Age speciﬁc incidence rates of a ﬁrst attack of acute pancreatitis.

RESULTS
The total study population comprised 242,451 patients, who contributed a total of
599,368 person-years of experience to the study. Ninety-one patients were excluded
as they had a history of acute pancreatitis before entry into the study. We identified
110 patients who had a computerised history compatible with a first episode of acute
pancreatitis and for whom additional information was requested from the GP. After
review of this information, the diagnosis could not be substantiated in 26 patients
(24%), in 26 (24%) patients the diagnosis was probable, and 58 (53%) patients had a
definite diagnosis of acute pancreatitis. Of the 84 patients with definite or probable
acute pancreatitis, 49 (58%) were male and the average age of the cases was 55.5 (SD
17.1) years. Twenty-one (25%) patients had no obvious cause for their acute pancreatitis episode. In the others, acute pancreatitis was probably related to gallstones (n=33),
alcohol abuse (n=17), ERCP (n=7), pancreas malignancy (n=4), HIV disease (n=1),
and hypertriglyceridemia (n=1) Biliary pancreatitis was more frequent in women
(46% vs. 35%), alcohol-related pancreatitis was more frequent in men (29% vs. 3%).
Five patients (6%) died during their first attack of acute pancreatitis Two (2%) patients
with definite pancreatitis were not referred to hospital. Both had acute abdominal pain
General population

31

IE22.indd 31

04-11-2002, 14:19:37

and a serum amylase or lipase of more than five times the upper limit of normal. The
course was uneventful in both patients. The overall incidence rate of a first episode of
acute pancreatitis was 14.0/100,000 person-years (95% CI: 11.0-17.0). The incidence
rate standardised for the age and gender structure of the Dutch population in 1995
was 14.2/100,000 person-years. The incidence of acute pancreatitis was higher in men
than in women and rose markedly with age (Figure 1).

DISCUSSION
We conducted a study into the incidence of a first episode of acute pancreatitis in the
general population. The overall incidence rate standardised for the age and gender
structure of the Dutch population in 1995 was 14.2/100,000 person-years. The incidence of acute pancreatitis was markedly higher in men and in the elderly. Ninetyeight percent of all patients with a first episode of acute pancreatitis was referred or
admitted to hospital.
Previous studies reporting the incidence of acute pancreatitis were based on hospitalisation data. (2-7,11,12) As we studied the incidence of acute pancreatitis in the
general population, we had the opportunity to assess the true incidence rate and the
potential underestimation due to non-referral in previous studies. Out of 84 patients
with acute pancreatitis, only 2 had not been referred to hospital. As almost all patients
were referred, underestimation of the incidence of acute pancreatitis due to non-referral of patients will be limited in hospital-based studies.
A study on the incidence of acute pancreatitis in the Netherlands based on hospital discharge diagnoses showed an overall incidence of 15.9/100,000 person-years
in 1995.(8) This study concerned both first admissions and relapses of acute pancreatitis. The incidence of first admissions in this study (13.7/100,000 person-years;
unpublished data) is similar to the incidence of a first attack of acute pancreatitis in
our present study. If one only considers the number of patients that were referred to
hospital, the incidence rate in our present study would be 13.9/100,000 person-years.
The number of studies that reported the incidence of first attacks of acute pancreatitis is limited. (2,6,11,12) Two studies in Malmö (S) and North-East Scotland showed
incidence rates of 23-24/100,000 person-years, two other studies in Nottingham and
Bristol (UK) showed incidences of 9-11/100,000 person-years.
Inherent to an incidence study based on computerised medical records is the fact
that we may have underestimated the incidence of acute pancreatitis due to undiagnosed acute pancreatitis. In a substantial number of patients with fatal acute pancreatitis, the diagnosis is first discovered at autopsy.(13) As the number of performed
autopsies is low, diagnoses of acute pancreatitis may be missed. In addition, not all
patients with acute pancreatitis may seek medical attention. To limit underascertainINCIDENCE OF ACUTE PANCREATITIS
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ment we used broad search criteria and a free text search on pancreas and pancreatitis.
We limited misdiagnosis of acute pancreatitis by checking the computerised medical
files and by requesting additional information from the GP if acute pancreatitis was
suspected.

CONCLUSION
The overall incidence of a first attack of acute pancreatitis in the general population is
14.2/100,000 person-years. Ninety-eight percent of all patients with acute pancreatitis
were referred to hospital. Underestimation due to non-referral is therefore limited in
hospital-based incidence studies on acute pancreatitis.
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Drug-associated acute pancreatitis: 21 years of spontaneous reporting in the
Netherlands
Introduction: Drugs are considered a rare cause of acute pancreatitis. We conducted a
descriptive study to assess which drugs have been associated with acute pancreatitis in
spontaneous adverse drug reaction reports in the Netherlands.
Methods: Our study is based on reports of drug-associated acute pancreatitis which were
notified to the Netherlands Center for Monitoring of Adverse Reactions to Drugs and the
Netherlands Pharmacovigilance Foundation LAREB between January 1st 1977 and January 1st 1998. We used an algorithm to validate the diagnosis and to assess the causal relationship between acute pancreatitis and use of the suspected drug.
Results: A total of 55 cases were available for review. We excluded 11 (20.0%) reports, as we
could not confirm the diagnosis of acute pancreatitis. Another 10 (18%) cases were excluded
since the causal relationship with the suspected drug was unlikely.
In the remaining 34 reports, acute pancreatitis was labeled as definite in 11 (32%) and as
probable in 23 (68%). 24 (71%) patients were female. The age of the patients ranged from
17 to 84 years with a median of 41. Of these 34 cases, 27 (79%) recovered, 5 (15%) died and
in 2 (6%) the outcome was unknown. Azathioprine, cimetidine, interferon-α, methyldopa,
metronidazole, olsalazine, and oxyphenbutazon all had a definite causal relationship with
acute pancreatitis. Doxycycline, enalapril, famotidine, ibuprofen, maprotiline, mesalazine
and sulindac had a probable causal relationship with acute pancreatitis.
Discussion: A variety of drugs was associated with acute pancreatitis in Dutch adverse
drug reaction reports. Quantitative information about drug-induced pancreatitis is scanty.
Epidemiological studies to assess the risk of drug-induced acute pancreatitis are therefore
needed.
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INTRODUCTION
Acute pancreatitis is a severe disease with considerable morbidity and mortality. The
incidence of acute pancreatitis seems to be rising in Western countries.(1-5) Despite
advanced critical care, the case-fatality proportion remains around 5-10%.(1,3,6,7)
Gallstones and alcohol are the most important risk factors for acute pancreatitis.(8-10)
Other risk factors include hyperlipidemia, hypercalcemia, ERCP and trauma. In 10 to
25% of the patients with acute pancreatitis, no obvious risk factors are present.
Drugs are rarely associated with the occurrence of acute pancreatitis.(11-14) The
pathogenesis of drug-induced acute pancreatitis has not been clarified yet.
The spontaneous adverse reaction-reporting scheme has operated since the early
sixties in the Netherlands. From 1977 until 1998, the Netherlands Center for Monitoring of Adverse Reactions to Drugs of the Inspectorate for Health Care and the Netherlands Pharmacovigilance Foundation LAREB received 55 spontaneous reports of
potential drug-induced acute pancreatitis. We conducted a descriptive study to assess
which drugs were associated with acute pancreatitis in Dutch adverse drug reaction
(ADR) reports.

METHODS
All reports of drug-associated acute pancreatitis which had been reported to the Netherlands Center for Monitoring of Adverse Reactions to Drugs and the Netherlands
Pharmacovigilance Foundation LAREB between January 1st 1977 and January 1st
1998 were independently reviewed by two of the authors (IA, EP), as to the probability
of the diagnosis of acute pancreatitis, and as to the likelihood of a causal relationship
with the suspected drug. Discrepancies were discussed in a consensus meeting (IA, EP,
BHCh). Agreement was reached on all reports.
The diagnosis acute pancreatitis was labeled as definite when acute pancreatitis
was confirmed by computer tomography (CT), laparotomy or autopsy. The diagnosis
was also considered definite when positive findings on ultrasound were combined
with abdominal pain and an elevated level of serum amylase or lipase. Acute pancreatitis was labeled as probable when two out of the following three criteria were
present: positive findings on ultrasound examination, abdominal pain, elevated
serum amylase or lipase. We defined a swollen or enlarged pancreas, an unsharp or
vague bordered pancreas, peripancreatic fat infiltration, and necrosis of the pancreas
on CT or ultrasound examination as positive signs of acute pancreatitis. Cases were
excluded if above-mentioned criteria were not met, or if signs of chronic pancreatitis
were found at endoscopic retrograde cholangiopancreaticography (ERCP), surgery or
autopsy. We defined pancreatic calcifications, or an irregular pancreatic duct as signs
Spontaneous reports
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Figure 1
Drug-associated acute pancreatitis: assessment of a causal relationship with the suspected drug in absence of rechallenge data.
TR=time relationship between ﬁrst intake of the drug and onset of acute pancreatitis.

Causality
assessment

TR & course
unknown

of chronic pancreatitis.
The causal relationship between acute pancreatitis and the suspected drug was
assessed according to figure 1 if no data on rechallenge were provided. The causal
relationship was classified possible when other risk factors for acute pancreatitis were
present, or when the presence of gallstones or alcohol abuse (>5E/24h) was not
known. In patients with a relapse of acute pancreatitis after rechallenge the causal
relationship was considered definite.

RESULTS
From 1977 until 1998 the Netherlands Center for Monitoring of Adverse Reactions
to Drugs received 45 reports and the Lareb Netherlands Pharmacovigilance Foundation received 13 reports of drug-associated acute pancreatitis. Three of the 58 reports
were notified to both reporting centers, leaving 55 episodes of suspected drug-induced
acute pancreatitis.
Eleven (20%) reports were excluded, as we could not confirm the diagnosis of
acute pancreatitis. In 6 cases the criteria for definite or probable acute pancreatitis
were not met, and 5 cases concerned chronic pancreatitis. In ten (18%) cases the
causal relationship between the suspected drug and the occurrence of acute pancreatitis was labeled unlikely because of an incompatible time relationship between start
of drug treatment and development of acute pancreatitis or because of a relapse after
discontinuation of the drug. These cases were excluded from the analysis.
In the remaining 34 case-histories, the diagnosis of acute pancreatitis was considered definite in 11(32%) and probable in 23(68%) cases. A discharge summary could be
obtained for 33 of these 34 (97%) adverse drug reaction reports. The remaining report
had enough clinical data for a reliable assessment. It concerned 24 (71%) females and
10 (29%) males. The age ranged from 17 to 84 years with a median of 41. Twenty-seven
cases (79%) were admitted with abdominal pain, three (9%) were admitted with back
pain and in four (12%) the symptoms on admission were unknown. Thirty-two cases
(94%) had an elevated level of serum amylase or lipase, 1 case (3%) had a normal
level of serum amylase and in 1 case (3%) no enzyme levels were mentioned. CT
scanning and US examination revealed signs of acute pancreatitis in 7 and 9 cases
respectively.
The causal relationship with the suspected drug was considered definite in 9 (26%),
probable in ten (29%), and possible in 15 cases (44%). Table 1 lists patient characteristics, other risk factors for acute pancreatitis, the time- and causal relationship between
drug intake and development of symptoms and the outcome in our 34 patients.
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Age

33
42
58
39
27
57

67

38
67
59
23
60

62

25
40

59

84

27
46
26
36
31
23
61
69

G

V
V
V
V
V
V

M

M
V
M
M
M

M

V
M

V

V

V
V
V
M
V
V
V
V

lamivudine
maprotiline
mesalazine‡
mesalazine‡
mesalazine‡
mesalazine
methyldopa‡
methyldopa‡

jotrolan

jotrolan

ibuprofen
interferon-α

famotidine

alendronate
azathioprine
azathioprine
azathioprine
azathioprine
captopril
ciclosporine/
isradipine
cimetidine
ciproﬁbrate
didanosine
doxycycline
enalapril

Drug

59 days

21 days
10 days
19 days
25 days
15 days
2 years

300 mg
75 mg
3000 mg
1500 mg
3000 mg
1500 mg
?
500 mg

?

?

206 days
10 days
16 days
7 days
28 days
8 days
14 days
14 days

4 hours

6 hours

5 days
23 days
95 days
1 day
96 days
some
20 mg
months
3600 mg 10 days
3 MU TIW 15 weeks

800 mg
100mg
400 mg
100 mg
5 mg

?

10 mg
50 mg
75 mg
50 mg
100 mg
50 mg

Dosage(*) TR

no
no
no
no
no
?
no
yes

yes

?

†

†
rec.
rec.
rec.
rec.
rec.

probable

†

?
no
no
no
no
no
?
?

?

?

possible
probable
probable
probable
probable
possible
deﬁnite
deﬁnite

possible

possible

rec.
rec.
rec.
rec.
rec.
rec.
rec.
rec.

?

?

up to 8 tablets (600 mg) a day
rechallenge +
contrast agent used at ERCP, 800 mg of gentamycine was
added to the contrast agent
contrast agent used at ERCP, 800 mg of gentamycine was
added to the contrast agent
HIV +
azathioprine-induced acute pancreatitis 4 months later
rechallenge +
rechallenge +

-

developed acute pancreatitis after cimetidine 9 years ago
ciproﬁbrate for hyperlipidemia
HIV+
inadequate rechallenge

acute pancreatitis after kidney transplantation

rechallenge +
rechallenge +
treatment was continued, another attack after 18 months

Outc. Remarks

deﬁnite rec.
possible
†
possible
†
probable rec.
probable rec.

possible

possible
deﬁnite
deﬁnite
probable
possible
possible

CR

no
probable rec.
5U/day deﬁnite rec.

no

no
no
no

no
no
?
no
no

no

?
?
?
no
?
no

alc.
abuse

no
?
no
no
no

no

yes
no
no
no
?
no

Gallst.

Table 1
Characteristics of 34 reports of drug-associated acute pancreatitis
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46

34

23
32

27

57

66

17

V

M

V
V

V

M

V

V

sulindac/
ergotamine
tetracycline

sulindac

metronidazole/
tetracycline/
bismuth
metronidazole‡
nelﬁnavir/
nevirapine/
AZT
olsalazine‡
oxyphenbutaz.‡
propyfenazon/
paracetamol/
coffeinum

750 mg

?

800 mg

?

1500 mg
2000 mg
480 mg
2000 mg
1000 mg
200 mg
200 mg
1500 mg
200 mg

8 days

?

1 month

?

5 days
21 days

22 days

1 day

1 day

no

no

no

no

no
no

no

no

no

?

no

no

?

no
no

?

no

?

rec.

rec.
rec.

rec.

rec.

rec.

possible

possible
rec.

rec.

probable rec.

possible

deﬁnite
deﬁnite

possible

deﬁnite

possible

mumps virus +

-

3 attacks of acute pancreatitis during 15 months of
treatment

had an attack of acute pancreatitis
4 months earlier

rechallenge +
rechallenge +

HIV+, CMV+, cryptosporidium+

4 and 7 years ago acute pancreatitis after metronidazole

history of carcinoma ampulla Vateri

G=gender, TR=time relationship between ﬁrst intake of the drug and onset of acute pancreatitis, gallst=gallstones, alc. abuse=alcohol abuse, CR=causal relationship
between the suspected drug and acute pancreatitis, outc=outcome, ?=unknown, rec.=recovered, =died, (*) per day, ‡ have been reported in case-reports.
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DISCUSSION
In this case series, we evaluated 55 Dutch reports of drug-associated acute pancreatitis
which resulted in 14 drugs with a probable or definite association with the outcome:
azathioprine, cimetidine, doxycycline, enalapril, famotidine, ibuprofen, interferon-α,
maprotiline, mesalazine, methyldopa, metronidazole, olsalazine, oxyphenbutazon and
sulindac. To our knowledge maprotiline and famotidine have not been reported to be
associated with acute pancreatitis before.
Most of the ‘evidence’ of associations between drugs and acute pancreatitis is based
on anecdotal case-reports. Reviews mention aminosalicylates, L-asparginase, estrogens, thiazide diuretics, valproate, azathioprine, corticosteroids, furosemide, mercaptopurine, tetracycline, sulindac, and pentamidine most frequently.(11-14) The WHO
has received a total of 2749 reports of drug-associated acute pancreatitis in the period
between 1968 and 1993. ACE-inhibitors (n=209), valproate (n=219), H2-receptorblockers (n=127), sulindac (n=121), azathioprine (n=73), gemfibrozil (n=72), lovastatin (n=72), pentamidine (n=62), and didanosine (n=61) were the most frequently
reported drugs.(15)
Despite this relatively large volume of case-based evidence, surprisingly little is
known about the epidemiology (incidence and relative risks) and mechanisms of drugassociated pancreatitis. Epidemiological evidence is limited to 2 small case-control
studies which have shown an increased risk of acute pancreatitis associated with use
of diuretics.(16, 17)
It is well known that the incidence of an adverse effect cannot be validly estimated
from spontaneous reports. This is due to large underreporting to voluntary reporting
schemes, and the scantiness of information on spontaneous reports which complicates validation of the outcome, and assessment of causality to the suspected drugs. In
order to facilitate validation and causality assessment in our case series, we collected
additional clinical information. Causality assessment was based on the temporal
relationship, effect of dechallenge, rechallenge and the presence of other established
causes (e.g. gallstones, excessive alcohol intake, ERCP). Although our assessments
were based on retrospective review of discharge summaries that may lack information
on the presence of risk factors we excluded 11 out of 55 cases on the basis of an nonascertained diagnosis, and another 10 were excluded because a causal relationship was
unlikely. This shows that thorough evaluation of spontaneous reports is indeed necessary prior to making inferences on any kind of frequency or association.
The mechanism of drug-induced pancreatitis is largely unknown. In general,
characteristics of the adverse event such as the temporal relationship, dose response,
dechallenge and rechallenge may help in suggesting potential mechanisms. For
instance, mesalazine may possibly provoke immunological damage to the pancreas,
as rechallenge with small doses can induce relapses of acute pancreatitis within
DRUG-INDUCED ACUTE PANCREATITIS: DESCRIPTIVE STUDIES
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hours.(18-32) However, one should be careful associating these drugs to acute pancreatitis since inflammatory bowel disease itself may also cause pancreatitis.(33-37) The
same argument holds for azathioprine. This drug has often been associated with pancreatitis, even with positive rechallenge, (38-43) but other studies could not confirm
this association (44-46).
Localized angioedema with obstruction of the pancreatic duct may be the mechanism by which ACE-inhibitors cause acute pancreatitis.(47) Time intervals between
the start of ACE-inhibitor treatment and the onset of acute pancreatitis vary between
one day and two years.(47-55) These intervals are consistent with induction times
described for ACE-inhibitor induced angioedema.(56-58)
Protopathic bias (prescription of a drug for pro-dromal symptoms of the outcome)
may explain the reports regarding use of H2-blockers and acute pancreatitis.(59-61)
An argument in favor of a real association is the positive rechallenge that we and
others have observed following the re-administration of cimetidine.(60) If true, the
mechanism remains unknown but the rapid relapse within 24 hours after re-exposure
suggests an idiosyncratic reaction. As compared to cimetidine, famotidine is a relatively new H2 blocker, which may explain why we are the first to report an association between this drug and acute pancreatitis. However, the previous considerations
regarding a potential protopathic bias are equally valid for this H2 blocking agent.
Reports of NSAID-induced acute pancreatitis are sparse, and so are hypotheses
on a possible biologic mechanism.(62-68) Sulindac seems to stand out, followed by
oxyphenbutazon.(69-82) One report has been published on a patient who developed
a possible acute pancreatitis as part of a generalized hypersensitivity syndrome to
ibuprofen.(83) However, this patient also had parotitis which may explain the hyperamylasemia and systemic lupus erythematosus which in itself may be a risk factor for
acute pancreatitis.(8) As for the H2 blockers, the association between NSAID use and
acute pancreatitis may be explained by protopathic bias, since analgesics may be used
for abdominal pain.
One case has been described previously of a 9-year old girl who developed acute
pancreatitis after 14 months of treatment with interferon-α for chronic myelogenous
leukemia.(84) In our case series, we described one patient with a recurrence of acute
pancreatitis after re-administration of interferon-α, which makes a causal association
likely.
Our two reports of methyldopa-associated pancreatitis are consistent with one case
which has been published previously.(85) All three cases experienced a positive reaction to rechallenge within hours after intake, which suggests an idiosyncratic reaction
(85-87).
The association between metronidazole and acute pancreatitis remains unclear. No
mechanism is known but 5 reports have suggested a possible association, (88-92) but
a cohort study among 6485 users of metronidazole did not yield one hospitalization
Spontaneous reports
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for acute pancreatitis.(93)
In conclusion, a wide variety of different drugs were associated with acute pancreatitis in our Dutch case series. Most of the drugs have been associated before, however,
acute pancreatitis due to famotidine and maprotiline has not been reported before.
Despite the presence of numerous case-reports on drug-induced acute pancreatitis,
quantitative information on this subject is scanty. Large scale epidemiological studies
are necessary to assess the risk of drug-induced acute pancreatitis.
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Acute pancreatitis attributed to the use of interferon-α-2B
Two patients experienced an episode of acute pancreatitis shortly after starting treatment
with interferon-α-2B (IFN-α) for chronic hepatitis C infection. The first patient was a 40year-old man who developed acute pancreatitis after 15 weeks of IFN-α three MU s.c. thrice
a week and ribavirin 1200 mg. After disappearance of symptoms and normalization of
laboratory values, oral intake of solid foods and IFN-α therapy were restarted. Within hours
a relapse of acute pancreatitis occurred. A rechallenge with IFN-α four days later was
followed by a prompt increase in serum lipase and IFN-α therapy was discontinued. The
second patient was a 38-year-old man who developed acute pancreatitis two hours after
administration of five MU IFN-α s.c. Ultrasound endoscopy showed sludge in the gallbladder. The patient was rechallenged five weeks later with IFN-α three MU s.c. Although serum
amylase and lipase increased after re-administration of IFN-α, treatment was continued.
The patient was readmitted two weeks later with severe abdominal pain after which IFN-α
was discontinued.
Considering the temporal relationship between start of IFN-α treatment and development of
acute pancreatitis, the absence of other clear etiological factors for acute pancreatitis, disappearance of symptoms after discontinuation of IFN-α and a positive reaction to rechallenge,
IFN-α is the most probable cause for development of acute pancreatitis in these patients.
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INTRODUCTION

Interferon-α is used primarily for the treatment of viral hepatitis and hematological
malignancies.(1,2) Interferon-α is formed in reaction to viral infections in vivo and is
produced by recombinant DNA technology for therapeutic purposes. The therapeutic
activity of interferon-α is incompletely understood. Apart from its antiviral properties,
the immunoregulatory and anti-inflammatory activities of interferon-α are of importance.(3)
Flu-like adverse reactions are common during interferon-α therapy. These symptoms are generally acute and consist mainly of fever, chills, myalgias and malaise, but
anorexia and fatigue may persist.(4) Several serious adverse events have been associated with interferon-α: agranulocytosis, thrombocytopenia, arthritis, thyroid dysfunction, rhabdomyolysis, pneumonitis, retinopathy, and renal insufficiency.(5-12). We
describe the case-histories of two patients who developed acute pancreatitis after
initiating interferon-α-2B (IFN-α) therapy for chronic hepatitis C.

CASE-HISTORIES
Patient A
A 40-year-old man was admitted with diffuse, progressive abdominal pain that started
two days before, as well as nausea, vomiting and diarrhea that had been present for
12 weeks. Non-A-non-B hepatitis had been diagnosed 18 years before admission and
the patient had a history of intravenous drug abuse up to nine years before admission.
Fifteen weeks before admission, the patient was started on ribavirin 1200 mg daily
and IFN-α three MU (s.c.) thrice a week for chronic hepatitis C. The patient used
40 mg omeprazole and 400mg mebeverine daily. The patient used up to five units of
alcohol per day. Physical examination revealed diffuse tenderness in the abdomen
and rebound tenderness in the right lower abdomen. Laboratory examination showed
a gamma-glutamyl transferase of 124 u/l (normal 15-70), a serum amylase of 136 u/l
( normal 30-120), a serum lipase of 740 u/l (normal <300) and a C-reactive protein
of 30.9 (normal <8.0 mg/l). Calcium, triglycerides, and cholesterol were all within
normal limits. Ultrasound examination (US) revealed no gallstones or pancreatic
abnormalities.
Five days after admission the complaints had disappeared and amylase and
lipase values had returned to normal. As the development of acute pancreatitis was
originally attributed to ribavirin, antiviral treatment was restarted with IFN-α alone.
Interferon-α
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Figure 1
Serum amylase and lipase of patient A during hospitalization. ■= serum amylase (normal 30-120),
◆=serum lipase (normal <300), = interferon-α-2B, 3 MU.

Within hours after re-administration of IFN-α abdominal pain returned and serum
lipase had increased to 348 u/l (figure 1). The restart of solid food in the same period
was considered as a possible explanation for the relapse of acute pancreatitis. After
attenuation of complaints and normalization of lipase values four days later the
patient was therefore rechallenged with IFN-α. Although the patient did not experience clinical symptoms of acute pancreatitis, the serum lipase had increased to 1903
u/l one day later (figure 1). IFN-α was discontinued and the patient remained relapse
free during one year of follow-up.
Patient B
A 38-year-old man was admitted with nausea and severe pain in the left upper abdomen and epigastric area. He had a history of meningitis, multiple episodes of thrombosis of the right subclavian vein necessitating vascular interventions and multiple
blood transfusions, post transfusion hepatitis C, and erectile dysfunction. The patient
was a teetotaler. Six hours before admission the patient injected papaverine intra-cavernally and two hours before admission he administered his first dose of IFN-α s.c. The
patient had used papaverine eight times before without any problems. No other mediDRUG-INDUCED ACUTE PANCREATITIS: DESCRIPTIVE STUDIES
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cation was taken. Physical examination revealed diffuse tenderness most profoundly
in the left upper abdomen. Laboratory examinations showed a serum amylase of 137
u/l (normal 0-100), a serum lipase of 1014 u/l (0-190 ), aspartate-aminotransferase 31
u/l (normal 0-30), alanine-aminotransferase 69 u/l (normal 0-30). Serum cholesterol,
triglycerides, and calcium levels were all within normal limits. Computerized tomography (CT) and ultrasonography showed no signs of acute pancreatitis, cholelithiasis,
or dilated bile ducts. US-endoscopy showed sludge in the gallbladder.
Complaints disappeared and amylase and lipase normalized within 2 days. Five
weeks after admission the patient was rechallenged with 3 MU IFN-α s.c. Two-anda-half hours later serum amylase and lipase had risen to 123 u/l and 456 u/l respectively. However, treatment was continued. The patient presented 2 weeks later with
severe abdominal pain in the left upper abdomen and epigastric area. Serum amylase, lipase, cholesterol and triglycerides were within normal limits. CT-scanning, US
and endoscopic retrograde cholangiopancreaticography (ERCP) showed no signs of
gallstones, dilated bile ducts, and no abnormalities of the pancreas. Bile examination
showed one single cholesterol crystal. Treatment was not reinitiated and the patient
remained without symptoms for the next two years. The patient continued intermittent use of papaverine intra-cavernally without problems.

DISCUSSION
Considering the temporal relationship between start of IFN-α treatment and development of acute pancreatitis, the absence of other clear etiological factors for acute
pancreatitis, disappearance of symptoms after discontinuation of IFN-α and a positive
reaction to rechallenge in the 2 case-histories, we conclude that IFN-α is the most
probable cause of acute pancreatitis in these patients.
Alcohol abuse, cholelithiasis, ERCP, hypercalcemia and hyperlipidemia are the
most common risk factors for acute pancreatitis.(13) Neither of the patients abused
alcohol. Although patient A used up to 5 units of alcohol until admission, he was free
of alcohol intake during rechallenge. Neither had gallstones, hypercalcemia, or hyperlipidemia and neither patient underwent an ERCP in the weeks preceding the onset of
acute pancreatitis. Patient A received IFN-α and ribavirin as anti-viral treatment. An
association between ribavirin and acute pancreatitis is unlikely as the patient had a
positive reaction to rechallenge to IFN-α after discontinuation of ribavirin. Mebeverine and omeprazole have not been associated with acute pancreatitis. Patient B used
papaverine for erectile dysfunction six hours before admission, but had used papaverine injections without problems 8 times before. Moreover, the patient continued use of
papaverine for two years after acute pancreatitis without any problems. US-endoscopy
showed sludge in the gallbladder of patient B. Although microlithiasis has been associInterferon-α
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ated with acute pancreatitis,(14) lipase elevation and return of clinical symptoms after
reexposure to IFN strongly suggests a causal relation to IFN-α.
Drugs have been recognized as risk factors for acute pancreatitis. (15) Acute pancreatitis attributed to interferon has been described in two patients.(16,17) A 9-yearold girl developed acute pancreatitis after 14 months of treatment with IFN-α for
chronic myelogenous leukemia.(16) The other patient concerned a 54-year-old man
who received interferon for chronic hepatitis C.(17) Neither of these two patients were
rechallenged with interferon. Five patients with HIV treated with didanosine and
interferon combination therapy experienced acute pancreatitis. However, didanosine
was the most likely causative agent in these patients.(18,19) In a trial of 25 patients
treated with fluorodeoxyuridine, leucovorin and IFN for metastatic renal-cell cancer,
two patients experienced pancreatitis, mental confusion and volume overload, but
the authors concluded that these events were probably cardiogenic in nature.(20) One
patient developed two episodes of acute pancreatitis shortly after start with IFN-α
for leukemia, but both episodes were preceded by hypercalcemia.(21) Up to january
2000, 105 reports of interferon-α-2b-associated acute pancreatitis have been notified to
Schering-Plough (personal communication).
IFN-α has been shown to increase triglyceride levels,(22,23) but this phenomenon
cannot explain the occurrence of acute pancreatitis in the above described patients
as both patients had normal levels of triglycerides on admission. The mechanism of
IFN-α-induced acute pancreatitis remains unknown, but IFN-α should be regarded as
a potential cause of acute pancreatitis.
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Drug-induced acute pancreatitis: a systematic review
Introduction: Drugs are considered a rare cause of acute pancreatitis. We reviewed the
medical literature to summarise the current knowledge on drug-induced acute pancreatitis.
Methods: We conducted a search on drug-induced acute pancreatitis and its associated
terms in PubMed (including MEDLINE) during the period 1966-2001. All English, German,
French, and Dutch papers on drug-induced acute pancreatitis were retrieved. Reference lists
of papers were checked to maximise completeness. The causal relationship between drugs
and development of acute pancreatitis was assessed according to a standard algorithm.
Results: ACE-inhibitors, 5-ASA, asparaginase, azathioprine, codeine, didanosine, isoniazid, metronidazole, estrogens, pentavalent antimonials, beta-blockers, sulindac, tetracycline,
and valproic acid had a definite causal relationship with acute pancreatitis; 34 other drugs
had a probable causal relationship with acute pancreatitis.
Conclusions: Drug-induced acute pancreatitis does not have unique features which distinguish it from acute pancreatitis due to other causes. A wide variety of drugs have been
suspected of causing pancreatitis. Despite numerous case-reports on drug-induced acute
pancreatitis, quantitative information on this subject is scanty. Formal epidemiological
studies are needed to quantify the risk of drug-induced acute pancreatitis.
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INTRODUCTION
Acute pancreatitis is an inflammatory disease of the pancreas characterized by abdominal pain, nausea, and vomiting. Laboratory examinations usually reveal elevated
levels of serum amylase and lipase. Acute pancreatitis has an overall case-fatality of
5-10%,(1,2) but case-fatality can be as high as 40% in patients with infected necrosis
of the pancreas.(3)
Gallstones and alcohol abuse are the most important risk factors for acute pancreatitis.(4) It has, however, since long been acknowledged that drugs may trigger acute
pancreatitis.(5) Drug-induced pancreatitis has no unique features that distinguish it
from acute pancreatitis due to other causes. Evidence linking drugs to acute pancreatitis is mostly derived from spontaneous reporting systems and individual case-reports
in the medical literature. We conducted an extensive literature search to summarize
the current knowledge about drug-induced acute pancreatitis.

METHODS
We conducted a search using the terms drug-induced pancreatitis, drug-associated
pancreatitis, chemically-induced pancreatitis, toxic pancreatitis, drug reaction pancreatitis, drug allergy pancreatitis and drug hypersensitivity pancreatitis in PubMed
(including MEDLINE) during the period January 1966 – December 2001. We retrieved
all English, German, French, and Dutch papers on acute pancreatitis associated with
therapeutic or diagnostic drugs. Acute pancreatitis possibly related to calcium intake,
parenteral feeding, or endoscopic retrograde cholangiopancreaticography (ERCP) was
not considered in this review. Reference lists of papers were checked to maximise
completeness. Evidence from case reports and case series was assessed according to
the algorithm in table 1. The temporal relationship was considered compatible with
drug-induced acute pancreatitis if symptoms and signs had a reasonable temporal
relationship to drug intake given the pharmacokinetics of the drug. Information from

Table 1
Assessment of the causal relationship between a drug and development of acute pancreatitis
Criterion

Deﬁnite

Probable

Probable

Possible

Unlikely

Temporal relationship compatible
Other risk factors
Patients >1
Relapse after deliberate rechallenge

Yes
No
Yes
Yes

Yes
No
Yes

Yes
NA
No
Yes

Yes

No

NA = not assessed

Review
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animal, clinical, and observational studies was further used to classify the causal relationship between drugs and acute pancreatitis. This review focuses on reports with a
certain or probable causal relationship.

LITERATURE REVIEW
Antibiotics
Ampicillin

One patient experienced two episodes of acute pancreatitis 6 and 4 days after start of
ampicillin. She had no other risk factors for acute pancreatitis.(6)
Ceftriaxone

Ceftriaxone may induce sludge or small stones in the gallbladder.(7,8) Acute pancreatitis attributed to ceftriaxone-induced sludge or cholelithiasis has been described in 4
patients.(9-12) Analysis of gallstones derived after cholecystectomy showed the stones
to be composed of ceftriaxone in two patients.(9,10) Imaging procedures failed to show
sludge or stones in a fifth report of ceftriaxone-associated acute pancreatitis.(13) An
association between ceftriaxone and acute pancreatitis is probable given ceftriaxone’s
capability to induce gallstones.
Macrolide antibiotics

Five patients developed acute pancreatitis within 30 minutes to 3 hours after an oral
overdose or after intravenous administration of a high dose of erythromycin.(14-18)
Another patient developed multi-organ toxicity with rhabdomyolysis and pancreatitis
after addition of erythromycin to long term lovastatin therapy.(19) Rhabdomyolysis
was probably caused by increased serum-levels of lovastatin when erythromycin
inhibited its metabolism. Acute pancreatitis attributed to the newer macrolides roxithromycin and clarithromycin has also been reported.(20,21) Erythromycin has a
prokinetic effect on the smooth muscle of the gastrointestinal tract and the gallbladder(22) and may increase the pressure of the sphincter of Oddi.(17)
Nitrofurantoin

Two cases of nitrofurantoin-induced acute pancreatitis have been described. (23,24)
Both cases were confirmed by rechallenge: one by deliberate and one by inadvertent
re-exposure. One patient had cholestatic liver disturbances.(23) The other patient
used an oral contraceptive.(24) Nitrofurantoin-associated acute pancreatitis was further mentioned in a survey from a spontaneous reporting centre.(25)
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Sulfonamides

Sulfonamide-associated acute pancreatitis has been described in case-reports (26-33)
and is briefly mentioned in 3 studies.(34-36) An early paper reported meningitis and
pancreatitis attributed to sulfamethizole on 2 occasions.(37) Antonow, et al. described
a case of sulfamethoxazole-trimethoprim-associated acute pancreatitis. Although this
patient used other medications associated with acute pancreatitis, prompt recurrence
of symptoms after rechallenge suggested that sulfamethoxazole-trimethoprim was the
causative agent.(38) Sulfonamide-associated acute pancreatitis is probably immunemediated as relapse after rechallenge occurs rapidly and some patients had a positive
lymphocyte transformation test (39) and accompanying rash or fever.
Tetracyclines

The earliest reports linking tetracycline and acute pancreatitis concerned patients
who developed acute fatty liver of pregnancy after use of tetracycline.(40-42) Tetracycline-induced acute fatty liver and pancreatitis has been reported in 5 non-pregnant
patients. In three, however, pancreatitis was present before tetracycline intake,(43)
one had cholelithiasis,(44) and in the fifth patient, pancreatitis was detected at
autopsy.(45) Acute pancreatitis after tetracycline intake without acute fatty liver has
been described in 4 patients in whom other major risk factors for acute pancreatitis
were absent.(46-48) Two of them experienced a relapse of pancreatitis after restart
of tetracycline.(47,48) Acute pancreatitis associated with the use of minocycline has
been reported in 5 patients,(49-51) although in one patient the development of pancreatitis was probably related to liver transplantation(50) and 2 other patients had
cystic fibrosis.(51) Doxycycline-associated acute pancreatitis has been reported to the
Dutch and Swiss reporting centres.(29,52) and in 2 clinical studies (2/54 and 9/72
patients respectively). (53, 54)
Anti-HIV agents
Didanosine and other nucleoside analogues

Didanosine (2’,3’-dideoxyinosine) is a purine analogue with antiretroviral activity
which has been associated with acute pancreatitis in case-reports (25,29,33,52,55-61)
and clinical studies.(62-90) The cumulative incidence of pancreatitis in didanosine
treated HIV-patients varied from 1 to 24% in different studies.(77,86) Risk factors for
didanosine-induced acute pancreatitis are a history of acute pancreatitis,(73) advanced
stage of HIV-disease,(80) use of pentamidine,(91) high plasma levels of didanosine,(91)
and a high cumulative (79) or daily dose of didanosine.(87-89, 91) Hydroxyurea and
ribavirin increase the active metabolite of didanosine (ddATP) and acute pancreatitis
after addition of ribavirin and hydroxyurea to didanosine therapy has been reported in
several patients.(92-94) One study reported a relative risk of 8.6 (95% CI 1.9-39.4) for
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adding hydroxyurea to didanosine, (95) although another study could not substantiate
this.(96) Acute pancreatitis in sickle cell patients receiving hydroxyurea monotherapy
has been reported.(97)
Relapse after rechallenge to didanosine has been described,(75) but such patients
may respond favourably to dose reduction.(79) Acute pancreatitis has not been
reproduced in animal studies.(98,99) Didanosine-induced hyperlipidemia has been
proposed as a possible mechanism,(100) but mitochondrial toxicity is a more likely
explanation.(101) The assessment of a causal relationship with didanosine is complicated by the association between HIV itself and acute pancreatitis,(26,102) and by
the use of other drugs associated with acute pancreatitis, notably pentamidine and
trimethoprim/sulfamethoxazole. However, a consistent time relationship between
intake of didanosine and symptoms (12-18 weeks), dose dependency, and positive
rechallenges point to a definite causal relationship. The capacity of didanosine to
induce mitochondrial toxicity is shared by other nucleoside analogues, (101) and acute
pancreatitis attributed to these agents has been described.(103-106) Indeed, similar
incidences of acute pancreatitis have been observed in didanosine and zalcitabine
users.(107)
HIV-protease inhibitors

Ritonavir is capable of inducing gross hypertriglyceridemia.(108,109) Acute pancreatitis due to HIV-protease-inhibitor-associated hypertriglyceridemia has been described
in 8 patients 1-8 months after start of ritonavir or saquinavir.(109-114) Nelfinavir-associated pancreatitis with a positive rechallenge has been described in a non-alcoholic
HIV-infected patient without cholelithiasis. However, the patient was on didanosine
during the first attack and had normal levels of triglycerides on the first and second
attack of pancreatitis.(115)
Other anti-infective agents
Antitubercular agents

Five patients experienced acute pancreatitis after starting antitubercular therapy
including isoniazid, in whom a relapse occurred in three after readministration.(116120)
Chan, et al. reported no cases of pancreatitis in 6024 isoniazid/rifampicin treated
patients, suggesting that the absolute risk of acute pancreatitis in patients receiving
these medications is low.(121)
Fialuridine

In a study on the treatment of chronic hepatitis B with fialuridine (FIAU), 7 out of
15 patients developed severe hepatotoxicity after 9-13 weeks of therapy.(122) All
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7 had elevated lipase levels, all 5 patients who died had evidence of pancreatitis
at autopsy. Three patients had mild fialuridine-induced toxicity, of whom one had
elevated pancreatic enzyme levels and epigastric discomfort. Toxicity was probably
mediated by FIAU-induced mitochondrial injury.(123) The similarities in the clinical
picture and temporal relationship between start of treatment and start of symptoms in
these 7 patients, suggests a causal relationship between FIAU and acute pancreatitis/
hepatitis.
Interferon

Acute pancreatitis attributed to interferon has been described in two children
(124,125) and in 8 adult patients. (25,126-129) In three of them acute pancreatitis
returned upon rechallenge with interferon. However, one patient used up to 5 units
of alcohol per day, one had sludge in the gallbladder,(129) and in one the information
was scanty.(128) A patient with adult T-cell leukaemia (ATL) experienced acute pancreatitis shortly after start of interferon therapy,(130) but this episode was probably
provoked by ATL associated hypercalcemia.(131). In a study on fluorodeoxyuridine,
leucovorin and interferon treatment in patients with metastatic renal-cell cancer two
developed pancreatitis.(83,132)
Metronidazole

An association between metronidazole and acute pancreatitis has been suggested in 6
case reports.(133-138) Four patients experienced a relapse of pancreatitis after inadvertent re-exposure to metronidazole.(133-136) The fifth patient had used numerous
other medications, but apart from metronidazole all drugs had been used for at least
36 months.(137) Crohn’s disease may have played a role in the development of acute
pancreatitis in this last patient.(139-141) Among 6485 users of metronidazole, none
were hospitalised for acute pancreatitis within one month of treatment.(142) This is,
however, not surprising: if one assumes an incidence rate of 25/100,000 person-years
in the general population, and a relative risk of 5 for metronidazole, the number of
cases that one would expect to find would be 0.7.
Pentamidine

Pentamidine is frequently used in patients with HIV-disease. Twenty-seven patients
with pentamidine-associated acute pancreatitis have been reported, 14 of whom
died.(29,143-164) Acute pancreatitis developed mostly within 2-3 weeks after starting treatment. Relapse of pancreatitis after re-exposure has been reported (159,160)
but both patients had also used trimethoprim-sulphamethoxazole. Acute pancreatitis
after aerosolised pentamidine has also been reported.(161-163) Pentamidine-associated acute pancreatitis has been reported in clinical studies.(34-36,62,165,166)
Mycobacterium avium intracellulare, age, gallstones, and use of pentamidine are risk
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factors for development of pancreatitis/hyperamylasemia in patients with HIV infection.(167-169) Renal impairment has been proposed as an additional risk factor since
pentamidine is excreted by the kidneys.(157) One animal experimental study found
pancreatitis in pentamidine infused rats only if they had undergone bilateral nephrectomy.(170) Pentamidine accumulates in the pancreas where it can be found up to 1
year after stopping treatment,(171) and pentamidine was detectable in serum samples
up to 2-4 weeks after end of therapy.(150,164) Pentamidine has a cytotoxic effect on
pancreatic isle β-cells (35) and may possibly have the same effect on acinar pancreatic
cells.
Pentavalent antimonials

There are numerous reports on pentavalent antimonials and acute pancreatitis.(172187) Of the 12 patients described in case-reports, 6 were treated with stibogluconate
and 6 were treated with meglumine antimoniate.(172-179) Five patients were HIVpositive, four patients had received a renal transplant, conditions which are associated with an increased risk of pancreatitis.(102,188-190) Out of 7 patients treated
with meglumine antimoniate, 4 developed hyperamylasemia.(182) Three patients
experienced symptomatic pancreatitis during 46 treatment episodes with pentavalent
antimonials.(183) In another study, 5 out of 25 patients treated with meglumine antimoniate experienced acute pancreatitis. None of them abused alcohol or had cholelithiasis.(184) In the period 1989-1996, 96 patients with leishmaniasis were treated with
stibogluconate in the Walter Reed Army Medical Center (WRAMC). Over 95% of the
patients had elevated amylase or lipase values, 30% had abdominal pain, and in 15
patients treatment was temporarily interrupted because of chemical or symptomatic
pancreatitis. Most patients tolerated reintroduction of stibogluconate well. Pancreatic
abnormalities tended to occur early in therapy and declined despite continuation of
treatment.(185) An earlier report of the WRAMC showed elevated pancreatic enzyme
levels in 32 Peruvian patients, of whom 11 had symptoms of pancreatitis. Treatment
with pentavalent antimonials was continued in all 32 patients.(186) The latter studies
suggest that acute pancreatitis is a frequent adverse-effect of pentavalent antimonials
therapy that does not necessarily require treatment withdrawal.
Cardiovascular agents
Angiotensin converting enzyme inhibitors (ACE-inhibitors)

Captopril, enalapril, lisinopril, perindopril, benazepril, and quinapril have all been
associated with acute pancreatitis.(25,52,191-210) Three patients experienced a
relapse after restart of captopril, enalapril, and perindopril respectively.(191-193)
One other patient possibly experienced pancreatitis after previous exposure to lisinopril.(206) The incidence of lisinopril-associated acute pancreatitis in clinical trials is
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0.3-1.0%.(201) Pancreatic duct obstruction by local angioedema may be the mechanism by which ACE-inhibitors cause pancreatitis.(198) Others have proposed a direct
toxic effect on pancreatic cells.(199) Because captopril is structurally dissimilar to
enalapril and lisinopril, an allergic reaction seems less likely.(198).
Losartan

Two patients experienced pancreatitis after intake of losartan, and in both patients
the association was confirmed by a positive reaction to rechallenge. (211,212) One had
renal insufficiency, the other had used enalapril up to 4 days before the first attack
and atenolol up to 3 days before the second attack. Noteworthy is that one patient
had a recent history of enalapril-related cough,(212) and that the other patient had a
recent history of enalapril-associated acute pancreatitis.(211)
Antiarrhythmic drugs

Two cases of amiodarone-associated acute pancreatitis have been described. One
patient had fatal hepatotoxicity with epigastric pain and mildly elevated amylase and
lipase serum levels after 3.5 years of therapy, but this patient had an unremarkable
CT-scan.(213) In the other patient, the relationship between amiodarone and pancreatitis was confirmed by recurrence of pancreatitis after rechallenge, which makes an
association probable.(214)
Acute pancreatitis related to procainamide has been described in 2 patients. Both
patients had procainamide-induced lupus syndrome.(215,216) One had recurrence of
symptoms after inadvertent re-exposure.(215)
Diuretics

One of the few epidemiological studies on drug-associated acute pancreatitis
showed a significant excess of diuretic users – mostly cyclopenthiazide - among
patients with pancreatitis. (217) A subsequent study was suggestive of a threefoldly
increased risk.(218) Many reports of acute pancreatitis to thiazides,(29,219-229) and
the related compounds chlorthalidone, metolazone, and indapamide have been
reported.(29,228,230-234) One patient developed a relapse of pancreatitis after
restart of methychlothiazide/triamterene combination therapy.(229) Hypercalcemia
induced by thiazides could theoretically explain the association. However, elevations
of serum calcium are usually mild, transient, and asymptomatic.(235) A study in 300
mice treated with chlorothiazide, showed acute pancreatitis in 7.1%.(236)
Acute pancreatitis has been associated with furosemide in several patients.(25,34,237242) Three had a relapse of pancreatitis after rechallenge with furosemide. The first
patient had type II hyperlipidemia and had received morphine.(239) The second
patient had gross hyperlipidemia and used estrogens upon admission. She was challenged in normolipemic state with estrogen, which she tolerated well and with furoReview
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semide, after which she relapsed.(238) The third patient was known with renal failure
and malignant hypertension. He developed acute pancreatitis twice after furosemide
intake and hyperamylasemia after subsequent bumetanide intake.(240)
Methyldopa

Five cases of methyldopa-associated acute pancreatitis have been described,(243-246)
of which 4 were confirmed by rechallenge.(243-245) Although most patients used
other medications that have been associated with acute pancreatitis and 1 patient had
cholelithiasis,(244) a causal relationship between methyldopa and acute pancreatitis
is highly probable.
β-Blockers
A 64-year-old man developed marked hyperlipidemia with pancreatitis by reduced
clearance of lipids after starting atenolol.(247) One patient developed hyperlipidemia
with secondary acute pancreatitis after exposure and re-exposure to nadolol.(248)
Other cases of hyperlipidemia by β-blockers have been reported.(249,250)

Gastrointestinal agents
5-ASA

The literature on aminosalicylate-associated acute pancreatitis is abundant.(25,245,251279) Both sulfasalazine (25,245,251-260) and mesalazine (25,253,258-280) have been
implicated. The first reports on sulfasalazine suggested that the sulfapyridine moiety
was responsible for this adverse effect. Cross-reactivity between sulfasalazine and
mesalazine(258-260) and the numerous reports on mesalazine-associated pancreatitis
has shifted the attention to the aminosalicylates. One should take into account that
inflammatory bowel disease itself is associated with acute pancreatitis,(139-141) and
that several patients used other medications that have been associated with acute
pancreatitis (prednison, azathioprine) or had other risk factors for acute pancreatitis.
Even so, the large number of recurrences of pancreatitis after rechallenge demonstrate a definite relationship between aminosalicylates and acute pancreatitis.(25,
255-268), one of which after rectal rechallenge (258) Aminosalicylate-associated acute
pancreatitis is probably immune-mediated as rechallenge with small doses can produce relapses of acute pancreatitis within hours and because lymphocyte transformation tests were positive in one patient.(275)
Diphenoxylate/atropine

A 62-year-old woman developed acute pancreatitis within 3 hours of taking
diphenoxylate/atropine on 2 separate occasions. There were no other risk factors for
acute pancreatitis.(281)
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H2-Blockers

Cimetidine has been associated with pancreatitis in six cases.(52,282-285) The association was confirmed by a deliberate rechallenge in 2 patients,(284) and inadvertent reexposure in two others.(52,283) Relapse of pancreatitis after inadvertent re-exposure
with cimetidine and a case of famotidine-associated pancreatitis are mentioned in a
study of spontaneous reports to a national monitoring centre of adverse drug reactions.(52) An 81-year-old woman experienced three bouts of acute pancreatitis after
(re)start of ranitidine.(286) One study suggested that cimetidine may cause acute
pancreatitis in rats,(287) but others have questioned this.(288,289) Two observational
studies found an elevated risk of acute pancreatitis for H2-blockers, albeit non-significant. (290,291) In assessing a relationship between H2-Blockers and acute pancreatitis
one has to bear in mind that acid-suppressing drugs may be prescribed for prodromal
symptoms of acute pancreatitis.
Somatostatine analogues

Nine patients experienced acute pancreatitis while on the somatostatine analogues
octreotide and lantreotide. (292-298) One patient already had an enlarged pancreas
before start of therapy, (294) 2 were HIV-positive (292,293), 2 had relapsing acute pancreatitis before start of therapy, (295), one had pancreatitis only on octreotide-codeine
therapy and not on these drugs apart, (295) and in 1 patient with rechallenge the information was very scanty. (297) Deliberate rechallenge in 3 patients resulted in a relapse
of acute pancreatitis. (293,296) However, symptoms settled and amylase normalised
while treatment was continued in 2 other patients. (296,298) Numerous hypotheses
regarding the mechanism of somatostatine have been proposed, but increased contractility of the sphincter of Oddi seems to be the most plausible. (293,296) Sphincter
of Oddi manometry showed a higher frequency of Oddi contractions after octreotide administration in 6 patients with idiopathic recurrent pancreatitis. Pancreatitis
developed in 5 of them after the procedure.(299) Most of above described patients
developed acute pancreatitis within hours, which is compatible with this hypothesis.
Long-term octreotide therapy is associated with cholelithiasis. (300,301)
Immunosuppressives and antineoplastic agents
Asparaginase

Asparaginase is an anti-neoplastic drug that has been associated with acute pancreatitis since more than 30 years.(302) Evidence from case-reports, however, is anecdotal
and other risk factors for acute pancreatitis were not always excluded.(29,34,303328) Most patients received other drugs, notably prednison and vincristine. Recurrence of pancreatitis after rechallenge has not been described. Most cases pertain to
asparaginase derived from Escherichia coli (319,329) but pancreatitis associated with
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asparaginase derived from Erwinia chrysanthemi has also been reported (327) and
seems to have a lower incidence. (330) Another patient experienced several adverse
reactions, among which pancreatitis after a single injection of 1000 IU/kg. Rechallenge at half the dose several months later was well tolerated.(326) The cumulative incidence of acute pancreatitis in studies of patients treated with asparaginase
averages around 5-10%.(302,329,331-346) Another study found a higher incidence in
polyethylene glycol-L-asparaginase than in native E. Coli asparaginase (9/50 vs. 1/50)
Weetman, et al suggested a role for estrogens as most of their patients were pubertal
females.(337) Interestingly, a study on rat liver asparaginase activity reported higher
activity in female than in male rats. Asparaginase activity decreased after gonadectomy in female rats.(347) Asparaginase-induced hypertriglyceridemia has also been
proposed as a possible mechanism.(328) Indeed a study on lipid abnormalities during
asparaginase therapy found triglyceride levels of more than 11 mmol/l in 7 out of 38
patients. However, pancreatitis developed in 4 patients and all had normal triglyceride
levels.(346) Serial ultrasound examinations have been proposed for early detection
of asparaginase-induced acute pancreatitis, but results of this strategy are equivocal.(341,348)
Azathioprine/6-mercaptopurine

Numerous case-reports linking azathioprine,(25,29,52,349-364) and its metabolite
6-mercaptopurine (364-367) to acute pancreatitis have been published, the majority
with recurrence of pancreatitis after rechallenge.(25, 357-365) In addition, acute pancreatitis has been described in patients with systemic lupus erythematosus,(368,369)
and in patients with renal transplants on immunosuppressive therapy that included
azathioprine.(188,190,370-373) The occurrence of symptoms within weeks after starting azathioprine therapy, recurrence of symptoms within hours after rechallenge,
and dose independency suggest an immune-mediated reaction. One report mentioned among others acute pancreatitis after addition of allopurinol to azathioprine
therapy, possibly due to impairment of azathioprine/mercaptopurine breakdown
by xanthine-oxidase.(374) Both synergistic and protective effects of concomitant
prednison therapy have been suggested.(357,375) In a randomised trial comparing
azathioprine, prednison, sulfasalazine, and placebo, 6 (5.3%) patients in the azathioprine group developed acute pancreatitis versus none in the other 3 groups. Four of
them reported prompt recurrence of symptoms after self-initiated stop and restart of
azathioprine intake.(376) Another study reported acute pancreatitis in 12 out of 400
patients treated with immunosuppressive therapy that contained 6-mercaptopurine
for inflammatory bowel disease. All 7 patients that were rechallenged developed a
relapse of pancreatitis, some on very small dosages.(377) Azathioprine-induced pancreatitis is mentioned in several other azathioprine/6-mercaptopurine safety reports
(375,378-380) and clinical reports (53, 381) but has not been reproduced in two animal
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studies (382,383). One study advocates weekly laboratory examination during the first
2 months of therapy to detect elevated levels of amylase before pancreatitis becomes
clinically manifest.(384)
Combination chemotherapy

One patient developed acute pancreatitis after the 5th and 6th course of vincristine,
methotrexate, mitomycin, 5-FU and cyclophosphamide.(385) A second patient developed acute pancreatitis after the 2nd, the 3rd, and the 4th treatment cycle with cyclophosphamide, doxorubicin, vincristine and prednison.(386) Similar cases have been
reported ,(387) one which was able to continue chemotherapy after substituting vinblastine with etoposide. Noteworthy is that vinblastine or vincristine were included
in all these regimens as an animal study found marked autophagy after high dose
vinblastine/vincristine.(388)
Corticosteroids

Oral cortisone is the first drug for which a potential causal relationship to acute
pancreatitis was considered.(389) Since then, over 50 case-histories have been published.(29,368,370,373,390-417) and corticosteroid-associated acute pancreatitis is
briefly mentioned in several case-series.(53,54,381,418-421) Interestingly, acute
pancreatitis in patients with Cushing’s disease has also been reported.(422,423) As 2
critical reviews have pointed out, however, most reports on corticosteroid-induced pancreatitis do not firmly support a causal relationship.(424, 425) Autoimmune disorders,
hypercalcemia, history of alcohol abuse, or cholelithiasis was noted in some reports
and may have been causative. There is no apparent time relationship and rechallenge
data are scanty. An HIV-positive patient with a history of didanosine-associated pancreatitis developed pancreatitis after 2 days of prednison therapy. He again experienced an episode of pancreatitis 2 weeks later after 1 day of dexamethasone therapy.
(395) Another patient had a rise of serum amylase after restart of 30 mg prednisolone,
but amylase values normalised after lowering the dose of prednison.(410) One patient
experienced 3 episodes of acute pancreatitis 2-6 days after start of dexamethasone, but
had a history of alcohol abuse.(409) Two autopsy studies found higher prevalences of
pancreatic lesions in patients treated with steroids.(416,426) One compared deceased
patients before and after 1955,(416) the other compared deceased patients who had
used steroids to a matched control group that had not used steroids.(426) Studies on
the influence of corticosteroids on secretory function of the pancreas are conflicting.(427,428) Studies in steroid treated rabbits have shown peripancreatic fat necrosis
and mild pancreatic changes.(429, 430) Studies in dogs have been less successful in
inducing pancreatic lesions.(431-433) In one study, 5/31 methylprednisolone treated
patients versus 10/103 non-treated patients developed acute pancreatitis, (434) but
another study was negative.(435) Given the inconclusive evidence described above,
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we conclude that the association between corticosteroids and acute pancreatitis is
questionable.
Cytarabine

Acute pancreatitis attributed to cytarabine has been described several times.(29,436441) One patient developed acute pancreatitis after continuous infusion of cytarabine.
Rechallenge with intermittent high-dose cytarabine was well tolerated. Subsequent
rechallenge with continuous infusion led to relapse of acute pancreatitis. An ultrasound 17 days later showed sludge in the gallbladder.(436) Altman, et al. described the
case of a 14-year-old boy who developed acute pancreatitis on the 3rd cycle of cytarabine maintenance regimen. He developed abdominal pain on the 4th cycle, which
was not further investigated, and he experienced a relapse of pancreatitis on the 5th
cycle.(438) Two cases-series mention acute pancreatitis in 2/25 and 3/93 patients
treated with cytarabine.(439, 440) A third study showed pancreatitis in 7 out of 137
patients.(441) One out of the 5 patients in whom treatment was continued experienced a relapse of pancreatitis.
Ifosfamide

One patient experienced two episodes of acute pancreatitis within 24 hours after the
2nd and 4th dose of ifosfamide.(442) She had abdominal pain after the 1st cycle. An
ultrasound showed sludge during the first attack of acute pancreatitis. Another patient
developed a petechial rash after 2 days ifosfamide treatment. Two days later she developed acute pancreatitis without presence of conventional risk factors.
Neuropsychiatric agents
Clozapine

There are several reports on clozapine-associated acute pancreatitis.(443-450)
However, 3 patients had no abdominal pain.(443-445) One patient had a return of
abdominal pain after restart of clozapine. Amylase values were not reported during
this relapse and she had used valproate before her first attack.(446) Another patient
relapsed twice after consecutive restarts of clozapine, but this patient had concomitant
cholelithiasis.(447)
Pyritinol

A 23-year-old male experienced 3 episodes of acute pancreatitis.(451) The time
between start of pyritinol decreased from 3 months to 6 and 4 days respectively. He
was rechallenged with a single dose of pyritinol and developed a relapse of acute pancreatitis within 3 hours. A lymphocyte stimulation test was positive for pyritinol.
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Valproic acid

The antiepileptic drug valproic acid has been associated with acute pancreatitis in
over 40 patients.(29,452-486). Most cases concerned children, which is consistent with
the prescription pattern of valproic acid. Acute pancreatitis usually develops in the
first year of therapy, but delayed onset of acute pancreatitis has been described.(462)
After restart of valproic acid, 8 patients had recurrence of pancreatitis. Four patients
tolerated restart of valproic acid: one on the original dose, one on a lower dose, and
2 after renal transplantation.(452-462) One patient developed chronic pancreatitis
while on valproic acid.(487) Although acute pancreatitis after intoxication with valproic acid has been described,(480,486) most patients had serum levels within the
therapeutic range. It has been postulated that valproic acid causes acute pancreatitis
by inhibiting detoxification of free radicals. Valproic acid enhances the clearance of
selenium, copper, and zinc. These trace elements are essential for the functioning of
radical scavengers.(485) One toxicity study in rats showed atrophic pancreatitis after
52 weeks of valproic acid intake.(488) The incidence of valproic acid-associated acute
pancreatitis is unknown. In a survey among physicians with an interest in epilepsy,
14.5% of respondents indicated they had encountered pancreatitis attributed to valproic acid.(462) Out of 100 children that were treated with valproic acid, one developed acute pancreatitis.(489) Out of 78 patients with renal failure, 4 developed acute
pancreatitis. All 4 were valproic acid users, while none of the other 74 patients used
valproic acid.(461)
Miscellaneous drugs
Bezafibrate

A 75-year-old woman was hospitalised with fever and confusion 3 weeks after starting bezafibrate for mild hypercholesterolemia.(490) She was readmitted two times for
acute pancreatitis within hours of taking bezafibrate. She had no other risk factors for
acute pancreatitis.
Codeine

The first report of acute pancreatitis by codeine dates back to 1951 in a patient who
had recurrent episodes of pancreatitis for many years.(5) Deliberate rechallenge with
codeine sulphate on 2 separate occasions was followed by recurrence of pancreatitis on
both occasions. Elevated levels of pancreatic enzymes were found in 5 other patients
after deliberate exposure to codeine sulphate, of whom 3 had concurrent abdominal
pain.(5) Since this first report, pancreatitis attributed to codeine has been described in
several other patients. (491-494) In one the diagnosis was by no means sure (491,492)
In 3 others inadvertent rechallenge with codeine was followed by a relapse of acute
pancreatitis within hours.(493) This short induction time is compatible with a hypothReview
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esis of biliary obstruction by spasm of the sphincter of Oddi.(5,495) In 2 of the patients
acute pancreatitis developed after intake of paracetamol-codeine.(493,494)
Estrogens

Estrogen-associated pancreatitis has been described in women taking oral contraceptives,(233,496-508) in post-menopausal women taking hormonal replacement
therapy,(509-511) and in men taking estrogens for prostate-related problems.(511,512)
Most patients had severe estrogen-induced hypertriglyceridemia.(502-512) However, estrogen-associated acute pancreatitis without hyperlipidemia has also been
described.(497,498) Thrombosis in pancreatic vessels has therefore been proposed as
a potential mechanism.(497,513) Two patients had relapse of pancreatitis after restart
of oral contraceptive therapy.(501,505) Three other patients had multiple attacks of
acute pancreatitis while on contraceptive therapy.(505-507) In a case-series, estrogeninduced acute pancreatitis was suspected in 15 out of 73 patients.(54) An experimental study in rats found hemorrhagic pancreatitis in female and male oestradiol treated
rats given a choline deficient, ethionine enriched diet, but not in control rats.(514)
In a study of 31 women with hypertriglyceridemia, 12 used hormonal replacement
therapy. After cessation of therapy, start of a low fat diet, and start of gemfibrozil
therapy, lipid levels decreased sharply.(515) Estrogens are definitely associated with
acute pancreatitis given the fact that estrogens are capable of inducing gross hypertriglyceridemia in susceptible patients,(516) and given the return of symptoms after
restart of estrogens in 2 patients. Transdermal oestradiol therapy may be an option in
patients with pre-existing hypertriglyceridemia.(517)
Tamoxifen and clomiphene are synthetic estrogen analogues with mixed agonistantagonist actions. Two patients with pre-existent familial hyperlipidemia developed
gross hyperlipidemia with subsequent acute pancreatitis after 4 and 8 months of
tamoxifen therapy for breast cancer. Other major risk factors for acute pancreatitis
were not described.(518,519) Tamoxifen-induced hypertriglyceridemia without pancreatitis has been described before.(520) Acute pancreatitis secondary to clomipheneassociated hypertriglyceridemia has been described in a 37-year-old woman. Restart
of clomiphene led to severe hypertriglyceridemia with a subsequent relapse of pancreatitis.(521) Cholelithiasis could possibly explain development of acute pancreatitis
in another patient on clomiphene.(233)
Fenfluramine

Dexfenfluramine and fenfluramine have been associated with acute pancreatitis in
2 reports.(522,523) One of these patients had a history of acute pancreatitis 11 years
earlier, which was preceded by intake of fenfluramine.(523) The other patient had
numerous other medications but these had been used for over 5 years and were reintroduced after attenuation of symptoms without any problems.
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Growth hormone

A 12-year-old boy developed acute pancreatitis after his 6th dose of growth hormone.
After rechallenge acute pancreatitis returned promptly.(524) Other risk factors were
not described, but alcohol abuse and gallstones are rare in children. More cases were
reported to the manufacturer (525) and the FDA (524).
HMG CoA reductase inhibitors

One patient developed pancreatitis one week after start of lovastatin.(526) Six months
later lovastatin was restarted with prompt recurrence of abdominal symptoms. Unfortunately, serum amylase values were not assessed at that time.
Five patients developed acute pancreatitis between 12 hours and 7 months after
start of simvastatine therapy.(527-530) One of them stopped simvastatine intake after
7 months on his own initiative because of abdominal pain. After restart, symptoms
recurred in 7 days. One study from a spontaneous reporting centre mentioned a
rechallenge proven simvastatine-associated acute pancreatitis and fluvastatine-associated pancreatitis in another patient. However details were not provided.(25) In one
patient acute pancreatitis developed 8 hours after start of atorvastatine.(531) Two
patients developed rhabdomyolysis with concurrent pancreatitis after simvastatine
and lovastatin-gemfibrozil therapy.(532,533)
Methimazole

A 66-year-old woman with Graves’ disease experienced acute pancreatitis and parotitis 3 weeks after starting methimazole.(534) She had elevated levels of salivary and
pancreatic amylase, and lipase. She developed a relapse of pancreatitis within 3 hours
after rechallenge.
Non steroidal anti-inflammatory drugs (NSAIDs)

In NSAID-associated acute pancreatitis, sulindac seems to stand out.(535-542)
Seven out of the 10 patients had a relapse of pancreatitis after rechallenge.(536-542)
Seven patients had cholestatic liver function test disturbances in absence of cholelithiasis.(535-539,543) This can possibly be explained by sulindac-induced bile duct
injury.(538) Indomethacin,(544) ibuprofen,(52,545), tolfenamic acid,(29) mefenamic
acid,(245,546) oxyphenbutazon,(547,548) phenylbutazon,(25) piroxicam,(29,549,550)
tiaprofenic acid,(551) ketoprofen, (552-554) diclofenac,(233,550,555) naproxen,
(550,556,557) and ketorolac (558) have sporadically been associated with acute pancreatitis. Recently, two cases of pancreatitis attributed to the cyclooxygenase-2 selective NSAID celecoxib have been described.(559,560) Both patients used other drugs
previously associated with acute pancreatitis. In assessing the relationship between
NSAIDs and acute pancreatitis, one has to consider the possibility of protopathic bias:
the prescribing of drugs for prodromal symptoms of acute pancreatitis. Sulindac, howReview

75

IE33.indd 75

04-11-2002, 14:21:58

Table 2
Drugs with a deﬁnite or probable causal relationship to acute pancreatitis
Deﬁnite

Probable

Probable

5-ASA
ACE-inhibitors
Asparaginase
Azathioprine/mercaptopurine
Codeine
Didanosine (ddI)
Isoniazid
Metronidazole
Estrogen compounds
Pentavalent antimonials
β-Blockers
Sulindac
Tetracycline
Valproic acid

Amiodarone
Ampicillin
Bezaﬁbrate
Ceftriaxone
Clozapine
Cytarabine
Diphenoxylate
Fenﬂuramine
Fialuridine
Furosemide
Growth hormone
H2-Blockers
HIV-protease inhibitors
HMG CoA reductase inhibitors
Ifosfamide
Interferon
Ketoprofen

Losartan
Macrolide antibiotics
Mefenamic acid
Methimazole
Methyldopa
Naproxen
Nitrofurantoin
Oxyphenbutazone
Pentamidine
Procainamide
Propofol
Pyritinol
Retinoids
Somatostatin analogues
Sulfonamides
Thiazides
Vitamin D

ever, is a definite cause of pancreatitis. For naproxen, ketoprofen, mefenamic acid,
and oxyphenbutazon the causal relationship with acute pancreatitis is probable.
Propofol

Five cases of propofol-associated acute pancreatitis have been reported in the literature.(561-565) One patient had a relapse of pancreatitis after inadvertent re-exposure
to propofol during surgery, but this patient had concomitant cholelithiasis.(561) One
further patient has been reported who developed elevated pancreatic enzyme levels
after propofol therapy in a patient with severe head injury.(566) However, head
trauma in itself is associated with elevated amylase levels.(567,568) Several other
cases have been reported to the FDA.(562,569) A recent study on propofol infusion in
rats showed an increase of lipid levels in rats on continuous infusion. Three rats in the
continuous infusion group (n=30) developed histological pancreatitis versus 1 in the
control group and none in the bolus infusion group.(570) Two randomised controlled
trials showed no differences in serum lipase and amylase,(571,572) slightly elevated
triglyceride levels were found in one study.(572)
Retinoids

Six patients have been described with hyperlipidemia and secondary pancreatitis after
use of retinoids for leukaemia and dermatological disorders.(573-578) One patient had
type IV hyperlipidemia and used estrogens, which are known to produce hyperlipidemia.(576) Two other patients also had pre-existent hyperlipidemia.(573,577) One
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Table 3
Drugs with a possible causal relationship to acute pancreatitis
Possible
Alendronate (52,586)
Allopurinol(25)
Amineptine(589)
Aminophylline(415)
Amoxapine(25,597)
Anticholinesterase agent(599)
Aspirin(601)
BHI regeneration tablets(605)
Bromide(614)
Carbamazepine(617-619)
Celecoxib (see text)
Chlormezanone(623)
Cholestyramine(25,625)
Ciproﬁbrate(52)
Ciproﬂoxacin(635)
Cisplatin(636-638)
Cloﬁbrate(640-642)
Clomipramine(25,643)
Clonidine(646)
Colchicine(649,650)
Corticosteroids (see text)
Cyclophosphamide(368,396)
Cyclosporine(29,660-663)
Dapsone(668)
Diazoxide(670,671)
Diclofenac (see text)
Diethylpentenamide(676)
Donepezil(677)
Ergotamine(679)
Ethacrynic acid(682,683)
Ethchlorvynol(686)
Exatecan mesylate(689)
Famciclovir(692)

Famotidine (see text)
Felodipin(29)
Finasteride(590)
Floxuridine/mitomycin C(592)
Fluconazol(29)
G-CSF(600)
Glicazide(602)
Gold(606,607)
Granisetron(615)
Griseofulvin(25)
Histamine(621)
Hydroxyurea (97)
Ibuprofen (see text)
Imipenem(633)
Imipramine(25)
Indalpine(639)
Indomethacin (see text)
Interleukin 2(644)
Itraconazol(647)
Ketorolac (see text)
Lamivudine(654)
Lamotrigine/vigabatrin(657)
Linomide(664)
Lithium(25)
Loperamide(672,673)
L-tryptophan (674)
Maprotiline(52)
Metaraminol(678)
Metformin(680)
Methandienone(684)
Methotrexate(368)
Methylphenidate(690)
Morphine(693-699)

Mycophenolate mofetil(587)
Nicotine(588)
OKT3(591)
Olanzapine(593-596)
Ondansetron(598)
Oxcarbazepine(25)
Paclitaxel(603,604)
Paracetamol(25,29,52,245,608-613)
Paromomycin(616)
Penicillin(620)
Pentagastrine(622)
Phenacetin(624)
Phenformin(626-632)
Phenolphthalein(634)
Phenprocoumon(29)
Phenylbutazon (see text)
Piroxicam (see text)
Propylthiouracile(645)
Ribavirin(648)
Rifampicin(583,651-653)
Riluzole(655,656)
Risperidone(658,659)
Tacrolimus(665-667)
Thalidomide(669)
Tiaprofenic acid (see text)
Ticarcillin/clavulanic acid(675)
Ticlopine(25)
Tolfenamic acid (see text)
Triciribine(681)
Ursodeoxycholic acid(685)
Vinorelbine(687,688)
Warfarin(691)

patient experienced 2 episodes of acute pancreatitis 2 years apart, after intake of
isotretinoine, but this patient had concomitant sludge and cholelithiasis.(578) Acute
pancreatitis due to bexarotene (a retinoid-X-receptor selective retinoid) induced
hypertriglyceridemia is mentioned 2 clinical trials.(579,580)
Vitamin D

Acute pancreatitis developed in a patient with hypercalcemia due to cholecalciferol
and calcium supplements. Unfortunately, information on other major risk factors for
acute pancreatitis was not provided.(581) Another patient had a vitamin D concentration that was 4.5 times the normal level and hypercalcemia during his fourth admission for acute pancreatitis. On questioning, the patient admitted intake of massive
Review
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amounts of vitamin D. He did not have any other risk factors for acute pancreatitis,
and neither patient had hyperparathyroidism.(582) Interestingly, the patient had
elevated levels of vitamin D for up to 3 months after stopping vitamin D intake. This
is probably due to mobilisation of stored vitamin D from tissues. Vitamin D is probably
related to acute pancreatitis, most likely by inducing hypercalcemia.
Drugs with a definite or probable causal relationship to acute pancreatitis are summarised in table 2. Drugs with a possible causal relationship are listed in table 3.

DISCUSSION
Over 150 drugs have been proposed as a potential cause of acute pancreatitis. Evidence
associating drugs with acute pancreatitis is largely based on individual case histories
in which a close temporal relationship between drug intake and acute pancreatitis
may be a chance finding. Relapse of pancreatitis after controlled rechallenge confirms
a causal relationship. Such proof is uncommon, however, as rechallenge is only ethical when it concerns a drug which is essential for the treatment of the patient.
In some conditions, drug effects may be difficult to separate from the underlying condition. Mesalazine, azathioprine, and corticosteroids, for instance, are used
in the treatment of inflammatory bowel diseases which itself increases the risk of
acute pancreatitis. Protopathic bias may further complicate assessment of the causal
relationship between drugs and acute pancreatitis. Two case-control studies found a
non-significantly increased risk of pancreatitis among acid suppressing drug users,
which could possibly be due to prescription of acid-suppressing drugs for prodromal
symptoms of acute pancreatitis.(290,291) Despite these problems, clinical evidence
strongly suggests a causal relationship for a number of drugs. Didanosine-induced
acute pancreatitis, for instance, was reported as soon the first dose escalating studies were performed and it has consistently been reported since then. For some drugs
a causal relationship with acute pancreatitis is certain despite a low incidence. The
causal relationship between ACE-inhibitors, azathioprine, and metronidazole for
instance has been confirmed by several well-documented rechallenges.
The pathogenesis of drug-induced acute pancreatitis is incompletely understood.
Drugs or drug metabolites may theoretically have a direct toxic effect on the pancreas.
Among the NSAIDs, sulindac seems to stand out in its ability to induce pancreatitis.
The delay between start of sulindac and development of symptoms is several weeks
to months, and after rechallenge symptoms reappear within days to weeks. This is
compatible with a toxic effect on the pancreas. Didanosine-associated acute pancreatitis usually develops 10-18 weeks after start of therapy, which is well compatible with
didanosine-induced mitochondrial toxicity.(101) For other drugs, an immunoallergic
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idiosyncratic reaction is more likely. Time between start of treatment and development of pancreatitis is usually within a few weeks for mesalazine, azathioprine,
methyldopa and sulfonamides. Rechallenge with these drugs usually leads to prompt
recurrence of symptoms in a dose-independent manner. Other drugs may lead to pancreatitis by inducing known risk factors for acute pancreatitis. For instance, estrogens,
ritonavir, β-blockers, and other drugs are known to induce hyperlipidemia in susceptible patients. Hypercalcemia may develop secondary to excessive vitamin D intake.
Erythromycin, somatostatine, and codeine increase the pressure of the sphincter of
Oddi and may thereby induce pancreatitis. ACE-inhibitors may possibly obstruct pancreatic ducts by localised angioedema. However, for most drugs the mechanism of
acute pancreatitis remains speculative.
The incidence of drug-induced pancreatitis is unknown. Reports to adverse reaction monitoring centers seem to indicate a low incidence of drug-induced pancreatitis,
but due to underreporting incidence rates cannot be validly estimated from spontaneous reports.(25,29,52) In clinical studies on acute pancreatitis, 1-2% is attributed to
drugs,(2,583,584) with a peak of 6.5% in one study.(585) This would correspond to an
incidence of drug-induced acute pancreatitis of approximately 2-4 per million inhabitants. However this might well be an underestimation as drugs are probably frequently
overlooked as a possible cause of acute pancreatitis. The proportion of acute pancreatitis attributed to drugs is relatively high in children (15%),(4) probably because
gallstones and alcohol abuse are rare in this age group. A study that compared patients
with and without HIV infection found a drug-related aetiology in 41% and 5% of the
patients with acute pancreatitis respectively.(34)
Drug-induced acute pancreatitis does not have unique features that distinguish it
from acute pancreatitis due to other causes. Diagnosis and treatment of drug-induced
pancreatitis relies on the same principles as diagnosis and treatment of acute pancreatitis to other causes. One study on the severity of drug-induced acute pancreatitis
concluded that it usually runs a benign course.(583) Probably this is true as 75 to 80%
of all episodes of acute pancreatitis runs a benign course. However, we are not aware
of other studies demonstrating that the course in drug-induced acute pancreatitis is
milder than in acute pancreatitis to other causes. Although the authors claimed that
pancreatitis did not contribute to their death, 2 out of 22 (9%) patients with druginduced pancreatitis died, a figure comparable to case-fatality rates in other studies.
Indeed many reports on fatal acute pancreatitis attributed to drug treatment show that
drug-induced pancreatitis may be a very severe clinical condition.
A wide variety of drugs have been suspected of causing pancreatitis. Relatively
new drugs such as HIV protease inhibitors, losartan and interferon have recently
been published as a potential cause of acute pancreatitis. 48 drugs have a definite
or probable causal relationship to acute pancreatitis. Despite numerous case-reports
on drug-induced acute pancreatitis, quantitative information on this subject is scanty.
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Formal epidemiological studies are needed to quantify the risk of drug-induced acute
pancreatitis.

ACKNOWLEDGEMENT
The financial support provided by the Netherlands Organisation for Scientific Research
(NWO) ZonMW, and the financial support of the foundation ‘Vereniging Trustfonds
Erasmus Universiteit Rotterdam’ is gratefully acknowledged.

LITERATURE
1.
2.
3.
4.
5.

6.
7.
8.
9.
10.
11.

12.

13.
14.
15.
16.

Wilson C, Imrie CW, Carter DC. Fatal acute pancreatitis. Gut 1988;29:782-8.
Mann DV, Hershman MJ, Hittinger R, Glazer G. Multicentre audit of death from acute
pancreatitis. Br J Surg 1994;81:890-3.
Widdison AL, Karanjia ND. Pancreatic infection complicating acute pancreatitis. Br J Surg
1993;80:148-54.
Steinberg W, Tenner S. Acute pancreatitis. N Engl J Med 1994;330:1198-210.
Gross JB, Comfort MW, Mathieson DR, Power MH. Elevated values for serum amylase and
lipase follwing the administration of opiates: a preliminary report. Proc Mayo Clin 1951;26:
81-7.
Hanline MH, Jr. Acute pancreatitis caused by ampicillin . South Med J 1987;80:1069.
Kim YS, Kestell MF, Lee SP. Gall-bladder sludge: lessons from ceftriaxone. J Gastroenterol
Hepatol 1992;7:618-21.
Schaad UB, Wedgwood-Krucko J, Tschaeppeler H. Reversible ceftriaxone-associated biliary
pseudolithiasis in children. Lancet 1988;2:1411-3.
Lopez AJ, O’Keefe P, Morrissey M, Pickleman J. Ceftriaxone-induced cholelithiasis. Ann
Intern Med 1991;115:712-4.
Maranan MC, Gerber SI, Miller GG. Gallstone pancreatitis caused by ceftriaxone. Pediatr
Infect Dis J 1998;17:662-3.
Famularo G, Polchi S, De Simone C. Acute cholecystitis and pancreatitis in a patient with
biliary sludge associated with the use of ceftriaxone: a rare but potentially severe complication. Ann Ital Med Int 1999;14:202-4.
Zinberg J, Chernaik R, Coman E, Rosenblatt R, Brandt LJ. Reversible symptomatic biliary
obstruction associated with ceftriaxone pseudolithiasis. Am J Gastroenterol 1991;86:12514.
Zimmermann AE, Katona BG, Jodhka JS, Williams RB. Ceftriaxone-induced acute pancreatitis. Ann Pharmacother 1993;27:36-7.
Gumaste VV. Erythromycin-induced pancreatitis . Am J Med 1989;86:725.
Hawksworth CR. Acute pancreatitis associated with infusion of erythromycin lactobionate.
Bmj 1989;298:190.
Teillet L, Chaussade S, Mory B, Roche H, Couturier D, Guerre J. Pancreatite aigue associee
a une antibiotherapie par l’erythromycine intraveineuse. Gastroenterol Clin Biol 1991;15:

DRUG-INDUCED ACUTE PANCREATITIS: DESCRIPTIVE STUDIES

80

IE33.indd 80

04-11-2002, 14:22:01

265-6.
17. Berger TM, Cook WJ, O’Marcaigh AS, Zimmerman D. Acute pancreatitis in a 12-year-old
girl after an erythromycin overdose. Pediatrics 1992;90:624-6.
18. Fang CC, Wang HP, Lin JT. Erythromycin-induced acute pancreatitis. J Toxicol Clin Toxicol
1996;34:93-5.
19. Wong PW, Dillard TA, Kroenke K. Multiple organ toxicity from addition of erythromycin to
long-term lovastatin therapy. South Med J 1998;91:202-5.
20. Liviu L, Yair L, Yehuda S. Pancreatitis induced by clarithromycin . Ann Intern Med
1996;125:701.
21. Souweine B, Fialip J, Ruivard M, Aumaitre O, Lavarenne J, Philippe P. Acute pancreatitis
associated with roxithromycin therapy . Dicp 1991;25:1137.
22. Fiorucci S, Bosso R, Morelli A. Erythromycin stimulates gallbladder emptying and motilin
release by atropine-sensitive pathways. Dig Dis Sci 1992;37:1678-84.
23. Nelis GF. Nitrofurantoin-induced pancreatitis: report of a case. Gastroenterology 1983;84:
1032-4.
24. Christophe JL. Pancreatitis induced by nitrofurantoin. Gut 1994;35:712-3.
25. Andersen V, Sonne J, Andersen M. Spontaneous reports on drug-induced pancreatitis in
Denmark from 1968 to 1999. Eur J Clin Pharmacol 2001;57:517-21.
26. Brivet FG, Naveau SH, Lemaigre GF, Dormont J. Pancreatic lesions in HIV-infected
patients. Baillieres Clin Endocrinol Metab 1994;8:859-77.
27. Jost R, Stey C, Salomon F. Fatal drug-induced pancreatitis in HIV . Lancet 1993;341:1412.
28. Alberti-Flor JJ, Hernandez ME, Ferrer JP, Howell S, Jeffers L. Fulminant liver failure and
pancreatitis associated with the use of sulfamethoxazole-trimethoprim. Am J Gastroenterol 1989;84:1577-9.
29. Werth B, Kuhn M, Hartmann K, Reinhart WH. Medikamentos induzierte Pankreatitiden:
Erfahrungen der Schweizerischen Arzneimittel-Nebenwirkungszentrale (SANZ) 1981-1993.
Schweiz Med Wochenschr 1995;125:731-4.
30. Bartels RH, van der Spek JA, Oosten HR. Acute pancreatitis due to sulfamethoxazole-trimethoprim. South Med J 1992;85:1006-7.
31. Brett AS, Shaw SV. Simultaneous pancreatitis and hepatitis associated with trimethoprimsulfamethoxazole. Am J Gastroenterol 1999;94:267-8.
32. Brockner J, Boisen E. Fatal multisystem toxicity after co-trimoxazole . Lancet 1978;1:831.
33. Aboulafia DM. Acute pancreatitis. A fatal complication of AIDS therapy. J Clin Gastroenterol 1997;25:640-5.
34. Cappell MS, Marks M. Acute pancreatitis in HIV-seropositive patients: a case control study
of 44 patients. Am J Med 1995;98:243-8.
35. Assan R, Perronne C, Assan D, Chotard L, Mayaud C, Matheron S, et al. Pentamidineinduced derangements of glucose homeostasis. Determinant roles of renal failure and drug
accumulation. A study of 128 patients. Diabetes Care 1995;18:47-55.
36. Hardy WD, Feinberg J, Finkelstein DM, Power ME, He W, Kaczka C, et al. A controlled trial
of trimethoprim-sulfamethoxazole or aerosolized pentamidine for secondary prophylaxis
of Pneumocystis carinii pneumonia in patients with the acquired immunodeficiency syndrome. AIDS Clinical Trials Group Protocol 021. N Engl J Med 1992;327:1842-8.
37. Barrett P, Thier S. Meningitis and acute pancreatitis associated with sulfamethoxazole. N
Eng J Med 1963;268:36-7.
38. Antonow DR. Acute pancreatitis associated with trimethoprim-sulfamethoxazole. Ann
Intern Med 1986;104:363-5.
Review

81

IE33.indd 81

04-11-2002, 14:22:02

39. Brazer SR, Medoff JR. Sulfonamide-induced pancreatitis. Pancreas 1988;3:583-6.
40. Schultz JC, J.S. A, W.W. W, Norman TD. Fatal liver disease after intravenous administration
of tetracycline in high dosage. N Eng J Med 1963;269:999-1004.
41. Whalley PJ, Adams RH, Combes B. Tetracycline toxicity in pregnancy. JAMA 1964;189:35762.
42. Kunelis CT, Peters JL, Edmonson HA. Fatty liver of pregnancy and its relationship to tetracycline therapy. Am J Med 1965;38:359-77.
43. Peters RL, Edmondson HA, Mikkelsen WP, Tatter D. Tetracycline-induced fatty liver in
nonpregnant patients. A report of six cases. Am J Surg 1967;113:622-32.
44. Damjanov I, Arnold R, Faour M. Tetracycline toxicity in a nonpregnancy woman. Jama
1968;204:934.
45. Guggenbichler JP, Schabel F. Tetracyklinintoxikation oder idiophatische Pankreatitis: Bericht einer Erkrankung mit komplexer Beteiligung innerer Organe. Padiatr Padol 1979;14:
267-72.
46. Nicolau DP, Mengedoht DE, Kline JJ. Tetracycline-induced pancreatitis. Am J Gastroenterol 1991;86:1669-71.
47. Torosis J, Vender R. Tetracycline-induced pancreatitis. J Clin Gastroenterol 1987;9:580-1.
48. Elmore MF, Rogge JD. Tetracycline-induced pancreatitis. Gastroenterology 1981;81:1134-6.
49. Chetaille E, Delcenserie R, Yzet T, Decocq G, Biour M, Andrejak M. Imputabilite de la
minocycline dans deux observations de pancreatite aigue. Gastroenterol Clin Biol 1998;22:
555-6.
50. Boudreaux JP, Hayes DH, Mizrahi S, Hussey J, Regenstein F, Balart L. Fulminant hepatic
failure, hepatorenal syndrome, and necrotizing pancreatitis after minocycline hepatotoxicity. Transplant Proc 1993;25:1873.
51. Boyle MP. Minocycline-induced pancreatitis in cystic fibrosis. Chest 2001;119:1283-5.
52. Eland IA, van Puijenbroek EP, Sturkenboom MJ, Wilson JHP, Stricker BH. Drug-associated
acute pancreatitis: twenty-one years of spontaneous reporting in The Netherlands . Am J
Gastroenterol 1999;94:2417-22.
53. Jordan SC, Ament ME. Pancreatitis in children and adolescents. J Pediatr 1977;91:211-6.
54. Al-Awady HM. The etiological factors in 73 cases of acute pancreatitis. Int Surg 1981;66:
145-8.
55. Cina SJ, Conradi SE. Acute pancreatitis in a prisoner with AIDS. Bugs or drugs? Am J
Forensic Med Pathol 1994;15:28-31.
56. Lederman JC, Nawaz H. Toxic interaction of didanosine and acetaminophen leading to
severe hepatitis and pancreatitis: a case report and review of the literature. Am J Gastroenterol 2001;96:3474-5.
57. Allaouchiche B, Duflo F, Cotte L, Mathon L, Chassard D. Acute pancreatitis with severe
lactic acidosis in an HIV-infected patient on didanosine therapy. J Antimicrob Chemother
1999;44:137-8.
58. Bouvet E, Casalino E, Prevost MH, Vachon F. Fatal case of 2’,3’-dideoxyinosine-associated
pancreatitis . Lancet 1990;336:1515.
59. Lai KK, Gang DL, Zawacki JK, Cooley TP. Fulminant hepatic failure associated with 2’,3’dideoxyinosine (ddI). Ann Intern Med 1991;115:283-4.
60. Levin TL, Berdon WE, Tang HB, Haller JO. Dideoxyinosine-induced pancreatitis in human
immunodeficiency virus- infected children. Pediatr Radiol 1997;27:189-91.
61. Pelucio MT, Rothenhaus T, Smith M, Ward DJ. Fatal pancreatitis as a complication of
therapy for HIV infection. J Emerg Med 1995;13:633-7.
DRUG-INDUCED ACUTE PANCREATITIS: DESCRIPTIVE STUDIES

82

IE33.indd 82

04-11-2002, 14:22:02

62. Cooley TP, Kunches LM, Saunders CA, Perkins CJ, Kelley SL, McLaren C, et al. Treatment
of AIDS and AIDS-related complex with 2’,3’-dideoxyinosine given once daily. Rev Infect
Dis 1990;12:S552-60.
63. Cooley TP, Kunches LM, Saunders CA, Ritter JK, Perkins CJ, McLaren C, et al. Once-daily
administration of 2’,3’-dideoxyinosine (ddI) in patients with the acquired immunodeficiency syndrome or AIDS-related complex. Results of a Phase I trial . N Engl J Med
1990;322:1340-5.
64. Lambert JS, Seidlin M, Reichman RC, Plank CS, Laverty M, Morse GD, et al. 2’,3’-dideoxyinosine (ddI) in patients with the acquired immunodeficiency syndrome or AIDS-related
complex. A phase I trial . N Engl J Med 1990;322:1333-40.
65. Valentine FT, Seidlin M, Hochster H, Laverty M. Phase I study of 2’,3’-dideoxyinosine:
experience with 19 patients at New York University Medical Center. Rev Infect Dis 1990;12:
S534-9.
66. Dolin R, Lambert JS, Morse GD, Reichman RC, Plank CS, Reid J, et al. 2’,3’-Dideoxyinosine
in patients with AIDS or AIDS-related complex. Rev Infect Dis 1990;12:S540-9; discussion
S549-51.
67. Yarchoan R, Mitsuya H, Pluda JM, Marczyk KS, Thomas RV, Hartman NR, et al. The
National Cancer Institute phase I study of 2’,3’-dideoxyinosine administration in adults
with AIDS or AIDS-related complex: analysis of activity and toxicity profiles. Rev Infect Dis
1990;12:S522-33.
68. Rozencweig M, McLaren C, Beltangady M, Ritter J, Canetta R, Schacter L, et al. Overview
of phase I trials of 2’,3’-dideoxyinosine (ddI) conducted on adult patients. Rev Infect Dis
1990;12:S570-5.
69. Connolly KJ, Allan JD, Fitch H, Jackson-Pope L, McLaren C, Canetta R, et al. Phase I
study of 2’-3’-dideoxyinosine administered orally twice daily to patients with AIDS or AIDSrelated complex and hematologic intolerance to zidovudine. Am J Med 1991;91:471-8.
70. Yarchoan R, Pluda JM, Thomas RV, Mitsuya H, Brouwers P, Wyvill KM, et al. Long-term
toxicity/activity profile of 2’,3’-dideoxyinosine in AIDS or AIDS-related complex . Lancet
1990;336:526-9.
71. Rathbun RC, Martin ESd. Didanosine therapy in patients intolerant of or failing zidovudine
therapy. Ann Pharmacother 1992;26:1347-51.
72. Darbyshire JH, Aboulker JP. Didanosine for zidovudine-intolerant patients with HIV disease. Lancet 1992;340:1346-7.
73. Pike IM, Nicaise C. The didanosine Expanded Access Program: safety analysis. Clin Infect
Dis 1993;16:S63-8.
74. Dolin R, Amato DA, Fischl MA, Pettinelli C, Beltangady M, Liou SH, et al. Zidovudine compared with didanosine in patients with advanced HIV type 1 infection and little or no previous experience with zidovudine. AIDS Clinical Trials Group. Arch Intern Med 1995;155:
961-74.
75. Lambert JS, Seidlin M, Valentine FT, Reichman RC, Dolin R. Didanosine: long-term followup of patients in a phase 1 study. Clin Infect Dis 1993;16:S40-5.
76. Allan JD, Connolly KJ, Fitch H, Jackson-Pope L, McLaren C, Canetta R, et al. Long-term
follow-up of didanosine administered orally twice daily to patients with advanced human
immunodeficiency virus infection and hematologic intolerance of zidovudine. Clin Infect
Dis 1993;16:S46-51.
77. Montaner JS, Rachlis A, Beaulieu R, Gill J, Schlech W, Phillips P, et al. Safety profile of
didanosine among patients with advanced HIV disease who are intolerant to or deterioReview

83

IE33.indd 83

04-11-2002, 14:22:03

78.

79.
80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

rate despite zidovudine therapy: results of the Canadian Open ddI Treatment Program. J
Acquir Immune Defic Syndr 1994;7:924-30.
Gatell JM, Gonzalez-Lahoz J, Clotet B, Antunes F, Kasparova L, Gil-Aguado A, et al. Switching from zidovudine to didanosine in patients with symptomatic HIV infection and disease
progression. ddI Iberian Study Group. J Acquir Immune Defic Syndr Hum Retrovirol
1996;12:249-58.
Seidlin M, Lambert JS, Dolin R, Valentine FT. Pancreatitis and pancreatic dysfunction in
patients taking dideoxyinosine. Aids 1992;6:831-5.
Schindzielorz A, Pike I, Daniels M, Pacelli L, Smaldone L. Rates and risk factors for adverse
events associated with didanosine in the expanded access program. Clin Infect Dis 1994;19:
1076-83.
Yarchoan R, Lietzau JA, Nguyen BY, Brawley OW, Pluda JM, Saville MW, et al. A randomized
pilot study of alternating or simultaneous zidovudine and didanosine therapy in patients
with symptomatic human immunodeficiency virus infection. J Infect Dis 1994;169:9-17.
Moyle GJ, Nelson MR, Hawkins D, Gazzard BG. The use and toxicity of didanosine (ddI)
in HIV antibody-positive individuals intolerant to zidovudine (AZT) . Q J Med 1993;86:15563.
Kovacs JA, Bechtel C, Davey RT, Jr., Falloon J, Polis MA, Walker RE, et al. Combination
therapy with didanosine and interferon-alpha in human immunodeficiency virus-infected
patients: results of a phase I/II trial. J Infect Dis 1996;173:840-8.
Butler KM, Husson RN, Balis FM, Brouwers P, Eddy J, el-Amin D, et al. Dideoxyinosine
in children with symptomatic human immunodeficiency virus infection. N Engl J Med
1991;324:137-44.
d’Arminio Monforte A, Musicco M, Galli M, Paga C, La Regina A, Lazzarin A, et al. Italian
multicentre study of didanosine compassionate use in advanced HIV infection. Italian
BMS-906 Study Group. Eur J Clin Microbiol Infect Dis 1997;16:135-42.
Maxson CJ, Greenfield SM, Turner JL. Acute pancreatitis as a common complication of
2’,3’-dideoxyinosine therapy in the acquired immunodeficiency syndrome . Am J Gastroenterol 1992;87:708-13.
The Alpha trial: European/Australian randomized double-blind trial of two doses of didanosine in zidovudine-intolerant patients with symptomatic HIV disease. Alpha International
Coordinating Committee. Aids 1996;10:867-80.
Jablonowski H, Arasteh K, Staszewski S, Ruf B, Stellbrink HJ, Schrappe M, et al. A dose
comparison study of didanosine in patients with very advanced HIV infection who are
intolerant to or clinically deteriorate on zidovudine. German ddI Trial Group. Aids 1995;9:
463-9.
Butler KM, Venzon D, Henry N, Husson RN, Mueller BU, Balis FM, et al. Pancreatitis in
human immunodeficiency virus-infected children receiving dideoxyinosine. Pediatrics
1993;91:747-51.
Havlir DV, Gilbert PB, Bennett K, Collier AC, Hirsch MS, Tebas P, et al. Effects of treatment
intensification with hydroxyurea in HIV-infected patients with virologic suppression. Aids
2001;15:1379-88.
Grasela TH, Walawander CA, Beltangady M, Knupp CA, Martin RR, Dunkle LM, et al.
Analysis of potential risk factors associated with the development of pancreatitis in phase
I patients with AIDS or AIDS-related complex receiving didanosine . J Infect Dis 1994;169:
1250-5.
Salmon-Ceron D, Chauvelot-Moachon L, Abad S, Silbermann B, Sogni P. Mitochondrial

DRUG-INDUCED ACUTE PANCREATITIS: DESCRIPTIVE STUDIES

84

IE33.indd 84

04-11-2002, 14:22:03

toxic effects and ribavirin. Lancet 2001;357:1803-4.
93. Lafeuillade A, Hittinger G, Chadapaud S. Increased mitochondrial toxicity with ribavirin in
HIV/HCV coinfection. Lancet 2001;357:280-1.
94. Longhurst HJ, Pinching AJ. Drug Points: pancreatitis associated with hydroxyurea in combination with didanosine. Bmj 2001;322:81.
95. Moore RD, Keruly JC, Chaisson RE. Incidence of pancreatitis in HIV-infected patients
receiving nucleoside reverse transcriptase inhibitor drugs. Aids 2001;15:617-20.
96. Barreiro P, Soriano V, Valencia E, Diaz B, Gonzalez-Lahoz J. Low risk of pancreatitis in HIVinfected patients on hydroxyurea plus didanosine. Aids 2001;15:2469-70.
97. Loukopoulos D, Voskaridou E, Kalotychou V, Schina M, Loutradi A, Theodoropoulos I.
Reduction of the clinical severity of sickle cell/β-thalassemia with hydroxyurea: the experience of a single center in Greece. Blood Cells Mol Dis 2000;26:453-66.
98. Grady T, Saluja AK, Steer ML, Lerch MM, Modlin IM, Powers RE. In vivo and in vitro effects
of the azidothymidine analog dideoxyinosine on the exocrine pancreas of the rat. J Pharmacol Exp Ther 1992;262:445-9.
99. Nordback IH, Olson JL, Chaisson RE, Cameron JL. Acute effects of a nucleoside analog
dideoxyinosine (DDI) on the pancreas. J Surg Res 1992;53:610-4.
100. Tal A, Dall L. Didanosine-induced hypertriglyceridemia . Am J Med 1993;95:247.
101. Brinkman K, ter Hofstede HJ, Burger DM, Smeitink JA, Koopmans PP. Adverse effects of
reverse transcriptase inhibitors: mitochondrial toxicity as common pathway. Aids 1998;12:
1735-44.
102. Cappell MS, Hassan T. Pancreatic disease in AIDS--a review. J Clin Gastroenterol 1993;17:
254-63.
103. Dalton SD, Rahimi AR. Emerging role of riboflavin in the treatment of nucleoside analogueinduced type B lactic acidosis. AIDS Patient Care STDS 2001;15:611-4.
104. Mokrzycki MH, Harris C, May H, Laut J, Palmisano J. Lactic acidosis associated with stavudine administration: a report of five cases. Clin Infect Dis 2000;30:198-200.
105. Frippiat F, Derue G, Heller F, Honore P, Moreau M, Vandercam B. Acute pancreatitis associated with severe lactic acidosis in human immunodeficiency virus-infected patients
receiving triple therapy. J Antimicrob Chemother 2000;45:411-2.
106. Aponte-Cipriani SL, Teplitz C, Yancovitz S. Pancreatitis possibly related to 2’-3’-dideoxycytidine . Ann Intern Med 1993;119:539-40.
107. Moore RD, Fortgang I, Keruly J, Chaisson RE. Adverse events from drug therapy for human
immunodeficiency virus disease. Am J Med 1996;101:34-40.
108. Echevarria KL, Hardin TC, Smith JA. Hyperlipidemia associated with protease inhibitor
therapy . Ann Pharmacother 1999;33:859-63.
109. Di Perri G, Del Bravo P, Concia E. HIV-protease inhibitors . N Engl J Med 1998;339:773-4;
discussion 774.
110. Perry RC, Cushing HE, Deeg MA, Prince MJ. Ritonavir, triglycerides, and pancreatitis. Clin
Infect Dis 1999;28:161-2.
111. Mirete G, Masia M, Gutierrez F, Mora A, Escolano C, Maestre A. Acute pancreatitis as a
complication of ritonavir therapy in a patient with AIDS. Eur J Clin Microbiol Infect Dis
1998;17:810-1.
112. Sullivan AK, Feher MD, Nelson MR, Gazzard BG. Marked hypertriglyceridaemia associated
with ritonavir therapy. Aids 1998;12:1393-4.
113. McBride M, Chin MT, Lee SM, Kelly B. Lipid lowering therapy in patients with HIV infection . Lancet 1998;352:1782-3.
Review

85

IE33.indd 85

04-11-2002, 14:22:04

114. Stricker RB, Man KM, Bouvier DB, Goldberg DA, Mendiola AE. Pancreatorenal syndrome
associated with combination antiretroviral therapy in HIV infection . Lancet 1997;349:
1745-6.
115. Di Martino V, Ezenfis J, Benhamou Y, Bernard B, Opolon P, Bricaire F, et al. Severe acute
pancreatitis related to the use of nelfinavir in HIV infection: report of a case with positive
rechallenge. Aids 1999;13:1421-3.
116. Rabassa AA, Trey G, Shukla U, Samo T, Anand BS. Isoniazid-induced acute pancreatitis.
Ann Intern Med 1994;121:433-4.
117. Chan KL, Chan HS, Lui SF, Lai KN. Recurrent acute pancreatitis induced by isoniazid.
Tuber Lung Dis 1994;75:383-5.
118. Stephenson I, Wiselka MJ, Qualie MJ. Acute pancreatitis induced by isoniazid in the treatment of tuberculosis. Am J Gastroenterol 2001;96:2271-2.
119. Dickson I. Acute pancreatitis following administration of isonicotinic acid hydrazide. Brit J
Tuberculosis 1956;50:277-78.
120. Izzedine H, Launay-Vacher V, Storme T, Deray G. Acute pancreatitis induced by isoniazid.
Am J Gastroenterol 2001;96:3208-9.
121. Chan TY. Isoniazid and rifampicin rarely cause acute pancreatitis in patients with tuberculosis . Int J Clin Pharmacol Ther 1999;37:109.
122. McKenzie R, Fried MW, Sallie R, Conjeevaram H, Di Bisceglie AM, Park Y, et al. Hepatic
failure and lactic acidosis due to fialuridine (FIAU), an investigational nucleoside analogue
for chronic hepatitis B . N Engl J Med 1995;333:1099-105.
123. Honkoop P, Scholte HR, de Man RA, Schalm SW. Mitochondrial injury. Lessons from the
fialuridine trial. Drug Saf 1997;17:1-7.
124. Sotomatsu M, Shimoda M, Ogawa C, Morikawa A. Acute pancreatitis associated with interferon-alpha therapy for chronic myelogenous leukemia . Am J Hematol 1995;48:211-2.
125. Shearer WT, Kline MW, Abramson SL, Fenton T, Starr SE, Douglas SD. Recombinant human
gamma interferon in human immunodeficiency virus- infected children: safety, CD4(+)lymphocyte count, viral load, and neutrophil function (AIDS Clinical Trials Group Protocol
211). Clin Diagn Lab Immunol 1999;6:311-5.
126. Sevenet F, Sevenet C, Capron D, Descombes P. Pancreatite aigue et interferon. Gastroenterol Clin Biol 1999;23:1256.
127. Roguedas AM, Lonceint J, Sassolas B, de Saint Martin L, Guillet G. Pancreatite aigue apres
traitement par interferon a haute dose chez un patient atteint d’un melanome. Presse Med
2001;30:1105.
128. Tannir NM, Talpaz M, Ghazal H, Proothi S, Kantarjian HM. Acute pancreatitis associated with interferon alpha therapy for chronic myelogenous leukemia. Leuk Lymphoma
2000;39:647-50.
129. Eland IA, Rasch MC, Sturkenboom MJ, Bekkering FC, Brouwer JT, Delwaide J, et al. Acute
pancreatitis attributed to the use of interferon alfa-2b. Gastroenterology 2000;119:230-3.
130. Ono Y, Kimura T, Nakano I, Furukawa M, Ito T, Sakamoto S, et al. Acute pancreatitis
induced by hypercalcaemia associated with adult T- cell leukaemia: a case report. J Gastroenterol Hepatol 1996;11:193-5.
131. Dazai Y, Katoh I, Hara Y, Yoshida R, Kurihara K. Two cases of adult T-cell leukemia associated with acute pancreatitis due to hypercalcemia. Am J Med 1991;90:251-4.
132. Stadler WM, Vogelzang NJ, Vokes EE, Charette J, Whitman G. Continuous-infusion fluorodeoxyuridine with leucovorin and high-dose interferon: a phase II study in metastatic
renal-cell cancer. Cancer Chemother Pharmacol 1992;31:213-6.
DRUG-INDUCED ACUTE PANCREATITIS: DESCRIPTIVE STUDIES

86

IE33.indd 86

04-11-2002, 14:22:04

133. Plotnick BH, Cohen I, Tsang T, Cullinane T. Metronidazole-induced pancreatitis. Ann
Intern Med 1985;103:891-2.
134. Sanford KA, Mayle JE, Dean HA, Greenbaum DS. Metronidazole-associated pancreatitis.
Ann Intern Med 1988;109:756-7.
135. Celifarco A, Warschauer C, Burakoff R. Metronidazole-induced pancreatitis. Am J Gastroenterol 1989;84:958-60.
136. de Jongh FE, Ottervanger JP, Stuiver PC. Acute pancreatitis door metronidazol. Ned Tijdschr Geneeskd 1996;140:37-8.
137. Corey WA, Doebbeling BN, DeJong KJ, Britigan BE. Metronidazole-induced acute pancreatitis . Rev Infect Dis 1991;13:1213-5.
138. Sura ME, Heinrich KA, Suseno M. Metronidazole-associated pancreatitis. Ann Pharmacother 2000;34:1152-5.
139. Niemela S, Lehtola J, Karttunen T, Lahde S. Pancreatitis in patients with chronic inflammatory bowel disease. Hepatogastroenterology 1989;36:175-7.
140. Eisner TD, Goldman IS, McKinley MJ. Crohn’s disease and pancreatitis. Am J Gastroenterol 1993;88:583-6.
141. Weber P, Seibold F, Jenss H. Acute pancreatitis in Crohn’s disease . J Clin Gastroenterol
1993;17:286-91.
142. Friedman GD, Selby JV. How often does metronidazole induce pancreatitis? Gastroenterology 1990;98:1702-3.
143. Zuger A, Wolf BZ, el-Sadr W, Simberkoff MS, Rahal JJ. Pentamidine-associated fatal acute
pancreatitis. Jama 1986;256:2383-5.
144. Brivet F, Coffin B, Bedossa P, Naveau S, Petitpretz P, Delfraissy JF, et al. Pancreatic lesions
in AIDS. Lancet 1987;2:570-1.
145. Klatt EC. Pathology of pentamidine-induced pancreatitis. Arch Pathol Lab Med 1992;116:
162-4.
146. Villamil A, Hammer RA, Rodriguez FH. Edematous pancreatitis associated with intravenous pentamidine. South Med J 1991;84:796-8.
147. Sauleda J, Gea JG, Aguar MC, Aran X, Pasto M, Broquetas JM. Probable pentamidineinduced acute pancreatitis. Ann Pharmacother 1994;28:52-3.
148. Foisy MM, Slayter KL, Hewitt RG, Morse GD. Pancreatitis during intravenous pentamidine
therapy in an AIDS patient with prior exposure to didanosine. Ann Pharmacother 1994;28:
1025-8.
149. Wood G, Wetzig N, Hogan P, Whitby M. Survival from pentamidine induced pancreatitis
and diabetes mellitus. Aust N Z J Med 1991;21:341-2.
150. Pauwels A, Eliaszewicz M, Larrey D, Lacassin F, Poirier JM, Meyohas MC, et al. Pentamidine-induced acute pancreatitis in a patient with AIDS. J Clin Gastroenterol 1990;12:4579.
151. O’Neil MG, Selub SE, Hak LJ. Pancreatitis during pentamidine therapy in patients with
AIDS. Clin Pharm 1991;10:56-9.
152. Echinard E, Dupon M, Malou M, Ragnaud JM, Lacut JY, Albin H. Pancreatite aigue letale
au decours d’un traitement par pentamidine. Therapie 1986;41:520.
153. Pais JR, Cazorla C, Novo E, Viana A. Massive haemorrhage from rupture of a pancreatic
pseudocyst after pentamidine-associated pancreatitis. Eur J Med 1992;1:251-3.
154. Picon M, Causse X, Gelas P, Retornaz G, Trepo C, Bouletreau P. Hepatite aigue severe a
la pentamidine au cours du traitement d’une pneumocystose liee au SIDA. Gastroenterol
Clin Biol 1991;15:463-4.
Review

87

IE33.indd 87

04-11-2002, 14:22:05

155. Gonzalez Del Valle L, Herrero Ambrosio A, Martinez Hernandez P, Garcia Diaz B, Jimenez
Caballero E. Hyperglycemia induced by megestrol acetate in a patient with AIDS. Ann
Pharmacother 1996;30:1113-4.
156. Kumar S, Schnadig VJ, MacGregor MG. Fatal acute pancreatitis associated with pentamidine therapy . Am J Gastroenterol 1989;84:451-3.
157. Salmeron S, Petitpretz P, Katlama C, Herve P, Brivet F, Simonneau G, et al. Pentamidine and
pancreatitis . Ann Intern Med 1986;105:140-1.
158. Hart CC. Aerosolized pentamidine and pancreatitis . Ann Intern Med 1989;111:691.
159. Schwartz MS, Cappell MS. Pentamidine-associated pancreatitis. Dig Dis Sci 1989;34:161720.
160. Murphey SA, Josephs AS. Acute pancreatitis associated with pentamidine therapy. Arch
Intern Med 1981;141:56-8.
161. Salah A, Lortholary O, Lhote F, Cohen P, Guillevin L. Pancreatite aigue induite par
l’isethionate de pentamidine en aerosols. Presse Med 1994;23:49.
162. Murphy RL, Noskin GA, Ehrenpreis ED. Acute pancreatitis associated with aerosolized
pentamidine. Am J Med 1990;88:53N-56N.
163. Singh G, el-Gadi SM, Sparks RA. Pancreatitis associated with aerosolised pentamidine.
Genitourin Med 1995;71:130-1.
164. Herer B, Chinet T, Labrune S, Collignon MA, Chretien J, Huchon G. Pancreatitis associated
with pentamidine by aerosol. Bmj 1989;298:605.
165. Balslev U, Nielsen TL. Adverse effects associated with intravenous pentamidine isethionate as treatment of Pneumocystis carinii pneumonia in AIDS patients. Dan Med Bull
1992;39:366-8.
166. Perronne C, Bricaire F, Leport C, Assan D, Vilde JL, Assan R. Hypoglycaemia and diabetes
mellitus following parenteral pentamidine mesylate treatment in AIDS patients. Diabet
Med 1990;7:585-9.
167. Dutta SK, Ting CD, Lai LL. Study of prevalence, severity, and etiological factors associated
with acute pancreatitis in patients infected with human immunodeficiency virus. Am J
Gastroenterol 1997;92:2044-8.
168. Murthy UK, DeGregorio F, Oates RP, Blair DC. Hyperamylasemia in patients with the
acquired immunodeficiency syndrome. Am J Gastroenterol 1992;87:332-6.
169. Miller TL, Winter HS, Luginbuhl LM, Orav EJ, McIntosh K. Pancreatitis in pediatric human
immunodeficiency virus infection. J Pediatr 1992;120:223-7.
170. Assan R, Assan D, Delaby J, Debussche X, Toublanc M. Pentamidine-induced dysglycaemia: experimental models in the rat. Diabete Metab 1993;19:262-72.
171. Donnelly H, Bernard EM, Rothkotter H, Gold JW, Armstrong D. Distribution of pentamidine in patients with AIDS. J Infect Dis 1988;157:985-9.
172. Torrus D, Massa B, Boix V, Portilla J, Perez-Mateo M. Meglumine antimoniate-induced pancreatitis . Am J Gastroenterol 1996;91:820-1.
173. Donovan KL, White AD, Cooke DA, Fisher DJ. Pancreatitis and palindromic arthropathy
with effusions associated with sodium stibogluconate treatment in a renal transplant
recipient. J Infect 1990;21:107-10.
174. McBride MO, Linney M, Davidson RN, Weber JN. Pancreatic necrosis following treatment
of leishmaniasis with sodium stibogluconate . Clin Infect Dis 1995;21:710.
175. Barthet M, Brunet P, Bernard JC, Dussol B, Rodor F, Jouglard J, et al. Pancreatite aigue au
cours d’un traitement par l’antimoniate de meglumine (Glucantime). Gastroenterol Clin
Biol 1994;18:90-2.
DRUG-INDUCED ACUTE PANCREATITIS: DESCRIPTIVE STUDIES

88

IE33.indd 88

04-11-2002, 14:22:05

176. McCarthy AE, Keystone JS, Kain KC. Pancreatitis occurring during therapy with stibogluconate: two case reports . Clin Infect Dis 1993;17:952-3.
177. de Lalla F, Pellizzer G, Gradoni L, Vespignani M, Franzetti M, Stecca C. Acute pancreatitis
associated with the administration of meglumine antimonate for the treatment of visceral
leishmaniasis . Clin Infect Dis 1993;16:730-1.
178. Halim MA, Alfurayh O, Kalin ME, Dammas S, al-Eisa A, Damanhouri G. Successful treatment of visceral leishmaniasis with allopurinol plus ketoconazole in a renal transplant
recipient after the occurrence of pancreatitis due to stibogluconate . Clin Infect Dis
1993;16:397-9.
179. Domingo P, Ferrer S, Kolle L, Munoz C, Sambeat MA. Treatment of Indian Kala-azar with
pentavalent antimony . Lancet 1995;345:584-5.
180. Domingo P, Ferrer S, Kolle L, Munoz C, Rodriguez P. Acute pancreatitis associated with
sodium stibogluconate treatment in a patient with human immunodeficiency virus . Arch
Intern Med 1996;156:1029, 1032.
181. Kuyucu N, Kara C, Bakirtac A, Tezic T. Successful treatment of visceral leishmaniasis with
allopurinol plus ketoconazole in an infant who developed pancreatitis caused by meglumine antimoniate. Pediatr Infect Dis J 2001;20:455-7.
182. Laguna F, Soriano V, Gonzalez-Lahoz JM. Misdiagnosis of pancreatitis in patients receiving
treatment with pentavalent antimonial agents . Clin Infect Dis 1994;19:978-9.
183. Laguna F, Adrados M, Alvar J, Soriano V, Valencia ME, Moreno V, et al. Visceral leishmaniasis in patients infected with the human immunodeficiency virus. Eur J Clin Microbiol
Infect Dis 1997;16:898-903.
184. Delgado J, Macias J, Pineda JA, Corzo JE, Gonzalez-Moreno MP, de la Rosa R, et al. High
frequency of serious side effects from meglumine antimoniate given without an upper
limit dose for the treatment of visceral leishmaniasis in human immunodeficiency virus
type-1-infected patients. Am J Trop Med Hyg 1999;61:766-9.
185. Aronson NE, Wortmann GW, Johnson SC, Jackson JE, Gasser RA, Jr., Magill AJ, et al.
Safety and efficacy of intravenous sodium stibogluconate in the treatment of leishmaniasis: recent U.S. military experience. Clin Infect Dis 1998;27:1457-64.
186. Gasser RA, Jr., Magill AJ, Oster CN, Franke ED, Grogl M, Berman JD. Pancreatitis induced
by pentavalent antimonial agents during treatment of leishmaniasis . Clin Infect Dis
1994;18:83-90.
187. Broeckaert-van Orshoven A, Michielsen P, Vandepitte J. Fatal leishmaniasis in renal-transplant patient . Lancet 1979;2:740-1.
188. Fernandez-Cruz L, Targarona EM, Cugat E, Alcaraz A, Oppenheimer F. Acute pancreatitis
after renal transplantation. Br J Surg 1989;76:1132-5.
189. Burnstein M, Salter D, Cardella C, Himal HS. Necrotizing pancreatitis in renal transplant
patients. Can J Surg 1982;25:547-9, 563.
190. Corrodi P, Knoblauch M, Binswanger U, Scholzel E, Largiader F. Pancreatitis after renal
transplantation. Gut 1975;16:285-9.
191. Jeandidier N, Klewansky M, Pinget M. Captopril-induced acute pancreatitis. Diabetes Care
1995;18:410-1.
192. Maringhini A, Termini A, Patti R, Ciambra M, Biffarella P, Pagliaro L. Enalapril-associated
acute pancreatitis: recurrence after rechallenge. Am J Gastroenterol 1997;92:166-7.
193. Gallego-Rojo FJ, Gonzalez-Calvin JL, Guilarte J, Casado-Caballero FJ, Bellot V. Perindoprilinduced acute pancreatitis. Dig Dis Sci 1997;42:1789-91.
194. Tilkemeier P, Thompson PD. Acute pancreatitis possibly related to enalapril. N Engl J Med
Review

89

IE33.indd 89

04-11-2002, 14:22:06

1988;318:1275-6.
195. Martin T, Taupignon A, Graf E, Perrin D. Pancreatite et hepatite chez une femme traitee
par maleate d’enalapril. Un cas. Therapie 1989;44:449-50.
196. Committee. AADRA. Pancreatitis and ACE inhibitors. Austr Adverse Drug React Bull
1989.
197. Pedro-Botet J, Miralles R, Coll J, Rubies-Prat J. Captopril versus enalapril: cough versus
pancreatitis. Dicp 1990;24:438-9.
198. Dabaghi S. ACE inhibitors and pancreatitis. Ann Intern Med 1991;115:330-1.
199. Roush MK, McNutt RA, Gray TF. The adverse effect dilemma: quest for accessible information. Ann Intern Med 1991;114:298-9.
200. Maliekal J, Drake CF. Acute pancreatitis associated with the use of lisinopril. Ann Pharmacother 1993;27:1465-6.
201. Standridge JB. Fulminant pancreatitis associated with lisinopril therapy. South Med J
1994;87:179-81.
202. Madsen JS, Jacobsen IA. Angiotensin converting enzyme inhibitor therapy and acute pancreatitis. Blood Press 1995;4:369-71.
203. Colle I, Peeters P, Reynart H, Urbain D. Enalapril/hydrochlorothiazide-induced angioneurotic edema and acute necrotizing pancreatitis. Eur J Int Med 2000;11:45-7.
204. Gonzalez Ramallo VJ, Muino Miguez A, Torres Segovia FJ. Necrotizing pancreatitis and
enalapril. Eur J Med 1992;1:123.
205. Marinella MA, Billi JE. Lisinopril therapy associated with acute pancreatitis. West J Med
1995;163:77-8.
206. Gershon T, Olshaker JS. Acute pancreatitis following lisinopril rechallenge. Am J Emerg
Med 1998;16:523-4.
207. Muchnick JS, Mehta JL. Angiotensin-converting enzyme inhibitor-induced pancreatitis.
Clin Cardiol 1999;22:50-1.
208. Iliopoulou A, Giannakopoulos G, Pagoy H, Christos T, Theodore S. Acute pancreatitis due
to captopril treatment. Dig Dis Sci 2001;46:1882-3.
209. Arjomand H, Kemp DG. Quinapril and pancreatitis. Am J Gastroenterol 1999;94:290-1.
210. Miller LG, Tan G. Drug-induced pancreatitis (lisinopril). J Am Board Fam Pract 1999;12:
150-3.
211. Birck R, Keim V, Fiedler F, van der Woude FJ, Rohmeiss P. Pancreatitis after losartan .
Lancet 1998;351:1178.
212. Bosch X. Losartan-induced acute pancreatitis . Ann Intern Med 1997;127:1043-4.
213. Sastri SV, Diaz-Arias AA, Marshall JB. Can pancreatitis be associated with amiodarone
hepatotoxicity? J Clin Gastroenterol 1990;12:70-3.
214. Bosch X, Bernadich O. Acute pancreatitis during treatment with amiodarone . Lancet
1997;350:1300.
215. Falko JM, Thomas FB. Letter: Acute pancreatitis due to procainamide-induced lupus erythematosus. Ann Intern Med 1975;83:832-3.
216. Hickson B, Davidson RJ, Walker W. Agranulocytosis caused by procainamide. Scott Med J
1972;17:165-8.
217. Bourke JB, McIllmurray MB, Mead GM, Langman MJ. Drug-associated primary acute pancreatitis. Lancet 1978;1:706-8.
218. Moir DC. Drug-associated acute pancreatitis . Lancet 1978;2:369-70.
219. Ances IG, McClain CA. Acute pancreatitis following the use of thiazide in pregnancy. South
Med J 1971;64:267-9.
DRUG-INDUCED ACUTE PANCREATITIS: DESCRIPTIVE STUDIES

90

IE33.indd 90

04-11-2002, 14:22:07

220. Diamond MT. Hyperglycemic hyperosmolar coma associated with hydrochlorothiazide
and pancreatitis. N Y State J Med 1972;72:1741-2.
221. Pickleman J, Straus FHd, Paloyan E. Pancreatitis associated with thiazide administration.
A role for the parathyroid glands? Arch Surg 1979;114:1013-6.
222. Cohen L, Sandbank U, Rosenfeld JB. Silent acute pancreatitis with encephalomalacia mimicking hepatic coma. Am J Gastroenterol 1975;63:75-8.
223. Smith BL, Tedeschi A, Lane CD. Pancreatitis with a twist. Hosp Pract (Off Ed) 1988;23:150,
154, 156.
224. Rion RJ. Recurrent pancreatitis after treatment with hydrochlorothiazide. J Am Board Fam
Pract 1994;7:74-6.
225. Charneau J, Mendler M. Pancreatite aigue necrotique et altizide. Gastroenterol Clin Biol
1997;21:164-5.
226. Minkowitz S, Soloway HB, Hall JE, Yermakov V. Fatal hemorrhagic pancreatitis following
chlorothiazide administration in pregnancy. Obstet Gynecol 1964;24:337-342.
227. Wenger J, Gross PR. Acute pancreatitis related to hydrochlorothiazide. Gastroenterology
1964;46:768.
228. Eckhauser ML, Dokler M, Imbembo AL. Diuretic-associated pancreatitis: a collective
review and illustrative cases. Am J Gastroenterol 1987;82:865-70.
229. Stepani P, Mezieres P, Tossou H, Delcenserie R, Andrejak M, Bories C. Association methychlothiazide-triamterene et pancreatite aigue: un cas avec reintroduction positive. Gastroenterol Clin Biol 2000;24:974-5.
230. Fuchs JE, Jr., Keith MR, Galanos AN. Probable metolazone-induced pancreatitis. Dicp Ann
Pharmacother 1989;23:711.
231. Anderson PE, Ellis GG, Jr., Austin SM. Case report: metolazone-associated hypercalcemia
and acute pancreatitis. Am J Med Sci 1991;302:235-7.
232. Jones MF, Caldwell JR. Acute hemorrhagic pancreatitis associated with administration of
chlorthalidone. N Engl J Med 1962;267:1029-1031.
233. Ibanez L, Laporte JR, Carne X. Adverse drug reactions leading to hospital admission. Drug
Saf 1991;6:450-9.
234. Prigogine T, Futeral B, Kraytman M. Acute hemorrhagic pancreatitis associated with
chlorthalidone. Acta Clin Belg 1978;33:272.
235. Mohamadi M, Bivins L, Becker KL. Effect of thiazides on serum calcium. Clin Pharmacol
Ther 1979;26:390-4.
236. Cornish AL, McClellan JT, Johnston DH. Effects of chlorothiazide on the panceas. N Eng J
Med 1961;265:673-75.
237. Buchanan N, Cane RD. Frusemid-induced pancreatitis . Br Med J 1977;2:1417.
238. Call T, Malarkey WB, Thomas FB. Acute pancreatitis secondary to furosemide with associated hyperlipidemia. Am J Dig Dis 1977;22:835-8.
239. Jones PE, Oelbaum MH. Frusemide-induced pancreatitis. Br Med J 1975;1:133-4.
240. Stenvinkel P, Alvestrand A. Loop diuretic-induced pancreatitis with rechallenge in a patient
with malignant hypertension and renal insufficiency. Acta Med Scand 1988;224:89-91.
241. Strunge P. Letter: Frusemide-induced pancreatitis? Br Med J 1975;3:434.
242. Wilson AE, Mehra SK, Gomersall CR, Davies DM. Acute pancreatitis associated with
frusemide therapy. Lancet 1967;1:105.
243. Rominger JM, Gutierrez JG, Curtis D, Chey WY. Methyldopa-induced pancreatitis. Am J
Dig Dis 1978;23:756-8.
244. Van der Heide H, Ten Haaft MA, Stricker BH. Pancreatitis caused by methyldopa. Br Med
Review

91

IE33.indd 91

04-11-2002, 14:22:07

J (Clin Res Ed) 1981;282:1930-1.
245. Anderson JR, Johnston GW, Kennedy TL. Drug-associated recurrent pancreatitis. Dig Surg
1985;2:24-26.
246. Warren SE, Mitas JAd, Swerdlin AH. Pancreatitis due to methyldopa: case report. Mil Med
1980;145:399-400.
247. Durrington PN, Cairns SA. Acute-pancreatitis: a complication of β-blockade. Br Med J (Clin
Res Ed) 1982;284:1016.
248. O’Donoghue DJ. Acute pancreatitis due to nadolol-induced hypertriglyceridaemia. Br J
Clin Pract 1989;43:74-5.
249. Haitas B, Disler LJ, Joffe BI, Seftel HC. Massive hypertriglyceridemia associated with
atenolol. Am J Med 1988;85:586-7.
250. Houston MC, Burger C, Hays JT, Nadeau J, Swift L, Bradley CA, et al. The effects of clonidine hydrochloride versus atenolol monotherapy on serum lipids, lipid subfractions, and
apolipoproteins in mild hypertension. Am Heart J 1990;120:172-9.
251. Aubry A, Alandry C, Lemiere C. Pancreatite aigue au cours d’un traitement par salazosulfapyridine. Presse Med 1989;18:80.
252. Faintuch J, Mott CB, Machado MC. Pancreatitis and pancreatic necrosis during sulfasalazine therapy. Int Surg 1985;70:271-2.
253. Garau P, Orenstein SR, Neigut DA, Kocoshis SA. Pancreatitis associated with olsalazine and
sulfasalazine in children with ulcerative colitis. J Pediatr Gastroenterol Nutr 1994;18:4815.
254. Rubin R. Sulfasalazine-induced fulminant hepatic failure and necrotizing pancreatitis. Am
J Gastroenterol 1994;89:789-91.
255. Block MB, Genant HK, Kirsner JB. Pancreatitis as an adverse reaction to salicylazosulfapyridine. N Engl J Med 1970;282:380-2.
256. Chiba M, Horie Y, Ishida H, Arakawa H, Masamune O. A case of salicylazosulfapyridine
(Salazopyrin)-induced acute pancreatitis with positive lymphocyte stimulation test (LST).
Gastroenterol Jpn 1987;22:228-33.
257. Suryapranta H, De Vries H. Pancreatitis associated with sulphasalazine. BMJ 1986;292:
732.
258. Isaacs KL, Murphy D. Pancreatitis after rectal administration of 5-aminosalicylic acid. J
Clin Gastroenterol 1990;12:198-9.
259. Abdullah AM, Scott RB, Martin SR. Acute pancreatitis secondary to 5-aminosalicylic acid in
a child with ulcerative colitis. J Pediatr Gastroenterol Nutr 1993;17:441-4.
260. Debongnie JC, Dekoninck X. Sulfasalazine, 5-ASA and acute pancreatitis in crohn’s disease.
J Clin Gastroenterol 1994;19:348-9.
261. Poldermans D, van Blankenstein M. Pancreatitis induced by disodium azodisalicylate. Am
J Gastroenterol 1988;83:578-80.
262. Deprez P, Descamps C, Fiasse R. Pancreatitis induced by 5-aminosalicylic acid. Lancet
1989;2:445-6.
263. Sachedina B, Saibil F, Cohen LB, Whittey J. Acute pancreatitis due to 5-aminosalicylate.
Ann Intern Med 1989;110:490-2.
264. Fiorentini MT, Fracchia M, Galatola G, Barlotta A, de la Pierre M. Acute pancreatitis during
oral 5-aminosalicylic acid therapy. Dig Dis Sci 1990;35:1180-2.
265. Besseau M, Delchier J-C, Blazquez M, Soule J-C. Pancréatite aiguë à la mésalazine (Pentasa). Gastroenterol Clin Biol 1991;15:174.
266. Erdkamp F, Houben M, Ackerman E, Breed W, van Spreeuwel J. Pancreatitis induced by
DRUG-INDUCED ACUTE PANCREATITIS: DESCRIPTIVE STUDIES

92

IE33.indd 92

04-11-2002, 14:22:08

mesalamine. Neth J Med 1992;41:71-3.
267. Fernandez J, Sala M, Panes J, Feu F, Navarro S, Teres J. Acute pancreatitis after long-term
5-aminosalicylic acid therapy. Am J Gastroenterol 1997;92:2302-3.
268. Decocq G, Gras-Champel V, Vrolant-Mille C, Delcenserie R, Sauve L, Masson H, et al. Pancreatites aigues induites par les medicaments derives de l’acide 5- aminosalicylique: un cas
et revue de la litterature. Therapie 1999;54:41-8.
269. Eland IA, De Gooyer DJ, Stokkers P, Westerveld BD, Wilson JHP, Stricker BHCh. Acute
pancreatitis toegeschreven aan het gebruik van mesalazine. Tijdschr voor Geneeskunde
1998;54:417-420.
270. Grimaud JC, Maillot A, Bremondy A, Thervet L, Salducci J. Faut-il toujours accuser la sulfapyridine? A propos d’un cas de pancreatite aigue induite par la mesalazine. Gastroenterol
Clin Biol 1989;13:432.
271. Tran K, Froguel E, Jian R, Lemann M, Modigliani R. Acute pancreatitis induced by mesalazine. J Clin Gastroenterol 1991;13:715-6.
272. Eckardt VF, Kanzler G, Rieder H, Ewe K. 5-Aminosalicylsaure-assoziierte Pankreatitis.
Dtsch Med Wochenschr 1991;116:540-2.
273. Hochain P, Guedon C, Colin R. Pancréatite aiguë au cours d’une maladie de Crohn traitée
par mésalazine orale. gastroenterol Clin Biol 1991;15:173-4.
274. Radke M, Bartolomaeus G, Muller M, Richter I. Acute pancreatitis in Crohn’s disease due
to 5-ASA therapy. J Pediatr Gastroenterol Nutr 1993;16:337-9.
275. Adachi E, Okazaki K, Matsushima Y, Seno H, Uchida K, Nakase H, et al. Acute pancreatitis
secondary to 5-aminosalicylic acid therapy in a patient with ulcerative colitis. Int J Pancreatol 1999;25:217-21.
276. McLeod RS, Wolff BG, Steinhart AH, Carryer PW, O’Rourke K, Andrews DF, et al. Prophylactic mesalamine treatment decreases postoperative recurrence of Crohn’s disease. Gastroenterology 1995;109:404-13.
277. Marteau P, Nelet F, Le Lu M, Devaux C. Adverse events in patients treated with 5-aminosalicyclic acid: 1993-1994 pharmacovigilance report for Pentasa in France. Aliment Pharmacol
Ther 1996;10:949-56.
278. Paul AC, Oommen SP, Angami S, Moses PD. Acute pancreatitis in a child with idiopathic
ulcerative colitis on long-term 5-aminosalicylic acid therapy. Indian J Gastroenterol
2000;19:195-6.
279. Schworer H, Ramadori G. Akute Pankreatitis--unerwunschte Wirkung von 5-Aminosalicylsaure (Mesalazin) in verschiedenen galenischen Applikationsformen. Dtsch Med Wochenschr 2000;125:1328-30.
280. Tromm A, May B. 5-Aminosalicylsaure-assoziierte Pankreatitis. Dtsch Med Wochenschr
1991;116:1125.
281. McCormick PA, O’Donoghue D, Brennan N. Diphenoxylate and pancreatitis . Lancet
1985;1:752.
282. Nott DM, de Sousa BA. Suspected cimetidine-induced acute pancreatitis. Br J Clin Pract
1989;43:264-5.
283. Hainaut P, Schapira M, Mugabo P, Cerulus G, Coche E. Pancreatite aigue induite par la
cimetidine. Rev Med Interne 1987;8:516-8.
284. Wilkinson ML, O’Driscoll R, Kiernan TJ. Cimetidine and pancreatitis . Lancet 1981;1:6101.
285. Arnold F, Doyle PJ, Bell G. Acute pancreatitis in a patient treated with cimetidine . Lancet
1978;1:382-3.
Review

93

IE33.indd 93

04-11-2002, 14:22:08

286. Herrmann R, Shaw RG, Fone DJ. Ranitidine-associated recurrent acute pancreatitis. Aust
N Z J Med 1990;20:243-4.
287. Joffe SN, Lee FD. Acute pancreatitis after cimetidine administration in experimental duodenal ulcers . Lancet 1978;1:383.
288. Szabo S, Goldman H. Cimetidine and pancreatitis: lessons from animal experiments .
Lancet 1978;2:266.
289. Lankisch PG, Koop H, Winckler K, Otto J. Cimetidine: harmful in acute experimental pancreatitis? Hepatogastroenterology 1982;29:195-7.
290. Eland IA, Alvarez CH, Stricker BH, Rodriguez LA. The risk of acute pancreatitis associated
with acid-suppressing drugs. Br J Clin Pharmacol 2000;49:473-478.
291. Evans JMM, McMahon AD, McCarthy A, MacDonald TM. H2-Receptor antagonists and
acute pancreatitis: a causal or confounded association? Pharmacoepidemiology and Drug
Safety 1997;6:S81.
292. Gradon JD, Schulman RH, Chapnick EK, Sepkowitz DV. Octreotide-induced acute pancreatitis in a patient with acquired immunodeficiency syndrome. South Med J 1991;84:14101.
293. Vidal J, Sacanella E, Munoz E, Miro JM, Navarro S. Acute pancreatitis related to octreotide
in a patient with acquired immunodeficiency syndrome . Pancreas 1994;9:395-7.
294. Fredenrich A, Sosset C, Bernard JL, Sadoul JL, Freychet P. Acute pancreatitis after shortterm octreotide . Lancet 1991;338:52-3.
295. Bodemar G, Hjortswang H. Octreotide-induced pancreatitis: an effect of increased contractility of Oddi sphincter . Lancet 1996;348:1668-9.
296. Soule S, Conway G, Hatfield A, Jacobs H. Effectiveness and tolerability of slow release lanreotide treatment in active acromegaly: six-month report on an Italian multicentre study .
J Clin Endocrinol Metab 1996;81:4502-3.
297. Romeu J, Miro JM, Sirera G, Mallolas J, Arnal J, Valls ME, et al. Efficacy of octreotide in
the management of chronic diarrhoea in AIDS. Aids 1991;5:1495-9.
298. Cannavo S, Fazio R, Squadrito S, Trimarchi F. Octreotide and lanreotide treatment in active
acromegaly . J Clin Endocrinol Metab 1997;82:2376-7.
299. Di Francesco V, Angelini G, Bovo P, Casarini MB, Filippini M, Vaona B, et al. Effect of
octreotide on sphincter of Oddi motility in patients with acute recurrent pancreatitis: a
manometric study. Dig Dis Sci 1996;41:2392-6.
300. Trendle MC, Moertel CG, Kvols LK. Incidence and morbidity of cholelithiasis in patients
receiving chronic octreotide for metastatic carcinoid and malignant islet cell tumors.
Cancer 1997;79:830-4.
301. Tauber JP, Poncet MF, Harris AG, Barthel HR, Simonetta-Chateauneuf C, Buscail L, et al.
The impact of continuous subcutaneous infusion of octreotide on gallstone formation in
acromegalic patients. J Clin Endocrinol Metab 1995;80:3262-6.
302. Haskell CM, Canellos GP, Leventhal BG, Carbone PP, Block JB, Serpick AA, et al. L-asparaginase: therapeutic and toxic effects in patients with neoplastic disease. N Engl J Med
1969;281:1028-34.
303. Shaw MT, Barnes CC, Madden FJ, Bagshawe KD. L-asparaginase and pancreatitis. Lancet
1970;2:721.
304. Tan CL, Chiang SP, Wee KP. Acute haemorrhagic pancreatitis following L-asparaginase therapy in acute lymphoblastic leukaemia --a case report. Singapore Med J 1974;15:278-82.
305. Jain R, Ramanan SV. Iatrogenic pancreatitis. A fatal complication in the induction therapy
for acute lymphocytic leukemia. Arch Intern Med 1978;138:1726.
DRUG-INDUCED ACUTE PANCREATITIS: DESCRIPTIVE STUDIES

94

IE33.indd 94

04-11-2002, 14:22:09

306. Greenstein R, Nogeire C, Ohnuma T, Greenstein A. Management of asparaginase induced
hemorrhagic pancreatitis complicated by pseudocyst. Cancer 1979;43:718-22.
307. Bertolone SJ, Fuenfer MM, Groff DB, Patel CC. Delayed pancreatic pseudocyst formations.
Long-term complication of L- asparaginase treatment. Cancer 1982;50:2964-6.
308. McLean R, Martin S, Lam-Po-Tang PR. Fatal case of L-asparaginase induced pancreatitis .
Lancet 1982;2:1401-2.
309. Leblanc A, Leclercq B, Nitenberg G, Lasser P, Couanet D, Hartmann O, et al. Pancreatite
aigue hemorragique due a l’asparaginase. Une observation chez un enfant avec evolution
favorable. Presse Med 1983;12:1351-3.
310. Caniano DA, Browne AF, Boles ET, Jr. Pancreatic pseudocyst complicating treatment of
acute lymphoblastic leukemia. J Pediatr Surg 1985;20:452-5.
311. Pecquenard L, Damay M, Naveau C, Lemarchand V, Dufay E, Berod T. Pancreatite aigue
retardee apres traitement par la L-asparaginase. A propos d’une observation. Therapie
1990;45:453-4.
312. Kitmacher P, Zarski JP, Barnoud D, Gressin R, Guignier M, Sotto JJ, et al. Steatose aigue
grave suivie d’une pancreatite aigue necrotico- hemorragique apres traitement par asparaginase. Ann Gastroenterol Hepatol (Paris) 1991;27:271-2.
313. Murakawa M, Okamura T, Shibuya T, Harada M, Otsuka T, Niho Y. Use of a synthetic protease inhibitor for the treatment of L- asparaginase-induced acute pancreatitis complicated
by disseminated intravascular coagulation. Ann Hematol 1992;64:249-52.
314. Charan VD, Desai N, Singh AP, Choudhry VP. Diabetes mellitus and pancreatitis as a complication of L-asparaginase therapy. Indian Pediatr 1993;30:809-10.
315. Chapot R, Rognon C, Rudelli A, Ducou Le Pointe H. Rubrique iconographique. Un cas de
pancreatite aigue a l’asparaginase. Arch Fr Pediatr 1993;50:705-7.
316. Wang YJ, Chu HY, Shu SG, Chi CS. Hyperglycemia induced by chemotherapeutic agents
used in acute lymphoblastic leukemia: report of three cases. Chung Hua I Hsueh Tsa Chih
(Taipei) 1993;51:457-61.
317. Yang CM, Hsieh YL, Hwang B. Acute pancreatitis in association with L-asparaginase therapy: report of one case. Chung Hua I Hsueh Tsa Chih (Taipei) 1993;51:74-7.
318. Chambon JP, Dupriez B, Danjou P, Provost M, Bauters F, Wurtz A, et al. Pancreatite aigue
necrotique secondaire a l’asparaginase. Role des associations medicamenteuses--diagnostic
precoce et traitement. A propos de 2 observations. J Chir (Paris) 1993;130:74-8.
319. Cheung YF, Lee CW, Chan CF, Chan KL, Lau YL, Yeung CY. Somatostatin therapy in Lasparaginase-induced pancreatitis. Med Pediatr Oncol 1994;22:421-4.
320. Koniver GA, Scott JE. Pancreatitis with pseudocyst: a complication of L-asparaqinase
therapy for leukemia. Del Med J 1978;50:330-2.
321. Yu CH, Lin KH, Lin DT, Chen RL, Horng YC, Chang MH. L-asparaginase-related pancreatic
pseudocyst: report of a case. J Formos Med Assoc 1994;93:441-4.
322. Sadoff J, Hwang S, Rosenfeld D, Ettinger L, Spigland N. Surgical pancreatic complications
induced by L-asparaginase. J Pediatr Surg 1997;32:860-3.
323. Garrington T, Bensard D, Ingram JD, Silliman CC. Successful management with octreotide of a child with L-asparaginase induced hemorrhagic pancreatitis . Med Pediatr Oncol
1998;30:106-9.
324. Lamelas RG, Chapchap P, Magalhaes AC, Filho JO, Mendes WL, de Camargo B. Successful
management of a child with asparaginase-induced hemorrhagic pancreatitis . Med Pediatr
Oncol 1999;32:316.
325. Nigro JF, Gresik MV, Fernbach DJ. Value of the postmortem examination in a pediatric
Review

95

IE33.indd 95

04-11-2002, 14:22:09

population with leukemia. J Pediatr 1990;116:350-4.
326. Ohnuma T, Holland JF, Nagel G, Arneault GS. Effects of L-asparaginase in acute myelocytic leukemia. Jama 1969;210:1919-21.
327. Bekassy A, Wiebe T, Hochbergs P. Erwinase-induced pancreatitis . Lancet 1992;340:15523.
328. Keung YK, Rizk R, Wu XY, Cobos E. Drug-induced hypertriglyceridemia with and without
pancreatitis. South Med J 1999;92:912-4.
329. Sahu S, Saika S, Pai SK, Advani SH. L-asparaginase (Leunase) induced pancreatitis in childhood acute lymphoblastic leukemia. Pediatr Hematol Oncol 1998;15:533-8.
330. Eden OB, Shaw MP, Lilleyman JS, Richards S. Non-randomised study comparing toxicity of
Escherichia coli and Erwinia asparaginase in children with leukaemia. Med Pediatr Oncol
1990;18:497-502.
331. Oettgen HF, Stephenson PA, Schwartz MK, Leeper RD, Tallai L, Tan CC, et al. Toxicity of E.
coli L-asparaginase in man. Cancer 1970;25:253-78.
332. Leventhal BG, Skeel RT, Yankee RA, Henderson ES. L-asparaginase (NSC-109229) plus azaserine (NSC-742) in acute lymphatic leukemia. Cancer Chemother Rep 1970;54:47-51.
333. Pratt CB, Simone JV, Zee P, Aur RJ, Johnson WW. Comparison of daily versus weekly Lasparaginase for the treatment of childhood acute leukemia. J Pediatr 1970;77:474-83.
334. Loeb E, Hill JM, Hill NO, MacLellan A, Khan A, Alexander TR, et al. Treatment of acute
leukemia with L-asparaginase. Recent Results Cancer Res 1970;33:204-18.
335. Land VJ, Sutow WW, Fernbach DJ, Lane DM, Williams TE. Toxicity of L-asparginase in
children with advanced leukemia. Cancer 1972;30:339-47.
336. Jaffe N, Traggis D, Das L, Kim BS, Won H, Hann L, et al. Comparison of daily and twiceweekly schedule of L-asparaginase in childhood leukemia. Pediatrics 1972;49:590-5.
337. Weetman RM, Baehner RL. Latent onset of clinical pancreatitis in children receiving Lasparaginase therapy. Cancer 1974;34:780-5.
338. Schuler D, Koos R, Revesz T, Virag I, Galfi I. L-asparaginase therapy and its complications
in acute lymphoid leukaemia and generalized lymphosarcoma. Haematologia (Budap)
1976;10:205-11.
339. Olive D, Cartault F, Legras B, Neimann N. Evaluation, chez l’enfant, des effets secondaires
cliniques, biologiques et electro-encephalographiques de la L-asparaginase. Pediatrie
1976;31:259-78.
340. Ojala AE, Lanning FP, Lanning BM. Abdominal ultrasound findings during and after treatment of childhood acute lymphoblastic leukemia. Med Pediatr Oncol 1997;29:266-71.
341. Nguyen DL, Wilson DA, Engelman ED, Sexauer CL, Nitschke R. Serial sonograms to detect
pancreatitis in children receiving L- asparaginase. South Med J 1987;80:1133-6.
342. Cetin M, Yetgin S, Kara A, Tuncer AM, Gunay M, Gumruk F, et al. Hyperglycemia, ketoacidosis and other complications of L-asparaginase in children with acute lymphoblastic
leukemia. J Med 1994;25:219-29.
343. Larson RA, Fretzin MH, Dodge RK, Schiffer CA. Hypersensitivity reactions to L-asparaginase do not impact on the remission duration of adults with acute lymphoblastic leukemia.
Leukemia 1998;12:660-5.
344. Chapoy P, Laplane D, Monfort G, Alessandrini P, Carcassonne M. Pancreatites aigues non
traumatiques chez l’enfant. A propos de 9 observalions. Chir Pediatr 1980;21:313-20.
345. Whitecar JP, Jr., Bodey GP, Harris JE, Freireich EJ. L-asparaginase. N Engl J Med 1970;282:
732-4.
346. Parsons SK, Skapek SX, Neufeld EJ, Kuhlman C, Young ML, Donnelly M, et al. AsparagiDRUG-INDUCED ACUTE PANCREATITIS: DESCRIPTIVE STUDIES

96

IE33.indd 96

04-11-2002, 14:22:10

nase-associated lipid abnormalities in children with acute lymphoblastic leukemia. Blood
1997;89:1886-95.
347. Bonetti E, Abbondanza A, Della Corte E, Stirpe F. The regulation of L-asparaginase activity
in rats and mice. Effects of normal and malignant growth, of sex and of dietary changes.
Biochem J 1969;115:597-601.
348. Samuels BI, Culbert SJ, Okamura J, Sullivan MP. Early detection of chemotherapy-related
pancreatic enlargement in children using abdominal sonography: a preliminary report.
Cancer 1976;38:1515-23.
349. Roblin X, Becot F, Jacquot JM, Nairi A, Abinader J, Monnet D. Pancreatite aigue sous azathioprine. Ann Gastroenterol Hepatol (Paris) 1990;26:233.
350. Willert JR, Dahl GV, Marina NM. Recurrent mercaptopurine-induced acute pancreatitis:
A rare complication of chemotherapy for acute lymphoblastic leukemia in children. Med
Pediatr Oncol 2002;38:73-4.
351. Tragnone A, Bazzocchi G, Aversa G, Pecorelli MG, Elmi G, Venerato S, et al. Acute pancreatitis after azathioprine treatment for ulcerative colitis. Ital J Gastroenterol 1996;28:102-4.
352. Hamed I, Lindeman RD, Czerwinski AW. Case report: acute pancreatitis following corticosteroid and azathioprine therapy. Am J Med Sci 1978;276:211-9.
353. Herskowitz LJ, Olansky S, Lang PG. Acute pancreatitis associated with long-term azathioprine therapy. Occurrence in a patient with systemic lupus erythematosus. Arch Dermatol
1979;115:179.
354. Callen JP, Spencer LV, Burruss JB, Holtman J. Azathioprine. An effective, corticosteroidsparing therapy for patients with recalcitrant cutaneous lupus erythematosus or with
recalcitrant cutaneous leukocytoclastic vasculitis. Arch Dermatol 1991;127:515-22.
355. Major GA, Moore PG. Profound circulatory collapse due to azathioprine. J R Soc Med
1985;78:1052-3.
356. Niederle B, Bartos V, Hrodek O, Hyniova H. Acute pancreatitis after imuran in a patient
with autoimmune haemolytic anaemia. Mater Med Pol 1978;10:60-2.
357. Nogueira JR, Freedman MA. Acute pancreatitis as a complication of Imuran therapy in
regional enteritis. Gastroenterology 1972;62:1040-1.
358. Siwach V, Bansal V, Kumar A, Rao Ch U, Sharma A, Minz M. Post-renal transplant azathioprine-induced pancreatitis. Nephrol Dial Transplant 1999;14:2495-8.
359. Kawanishi H, Rudolph E, Bull FE. Azathioprine-induced acute pancreatitis. N Engl J Med
1973;289:357.
360. Paloyan D, Levin B, Simonowitz D. Azathioprine-associated acute pancreatitis. Am J Dig
Dis 1977;22:839-40.
361. Isenberg JN. Pancreatitis, amylase clearance, and azathioprine. J Pediatr 1978;93:1043-4.
362. Guillaume P, Grandjean E, Male PJ. Azathioprine-associated acute pancreatitis in the
course of chronic active hepatitis. Dig Dis Sci 1984;29:78-9.
363. Pozniak AL, Ahern M, Blake DR. Azathioprine-induced shock . Br Med J (Clin Res Ed)
1981;283:1548.
364. Aissaoui M, Mounedji N, Mathelier-Fusade P, Leynadier F. Pancreatite a l’azathioprine:
immuno-allergique? Presse Med 1996;25:1650.
365. Bank L, Wright JP. 6-Mercaptopurine-related pancreatitis in 2 patients with inflammatory
bowel disease. Dig Dis Sci 1984;29:357-9.
366. Cappell MS, Das KM. Rapid development of pancreatitis following reuse of 6-mercaptopurine. J Clin Gastroenterol 1989;11:679-81.
367. Jeshion WC, Larsen KL, Jawad AF, Piccoli DA, Verma R, Maller ES, et al. Azathioprine and
Review

97

IE33.indd 97

04-11-2002, 14:22:10

6-mercaptopurine for the treatment of perianal Crohn’s disease in children. J Clin Gastroenterol 2000;30:294-8.
368. Kolk A, Horneff G, Wilgenbus KK, Wahn V, Gerharz CD. Acute lethal necrotising pancreatitis in childhood systemic lupus erythematosus--possible toxicity of immunosuppressive
therapy. Clin Exp Rheumatol 1995;13:399-403.
369. Simons-Ling N, Schachner L, Penneys N, Gorman H, Zillereulo G, Strauss J. Childhood
systemic lupus erythematosus. Association with pancreatitis, subcutaneous fat necrosis,
and calcinosis cutis. Arch Dermatol 1983;119:491-4.
370. Renning JA, Warden GD, Stevens LE, Reemtsma K. Pancreatitis after renal transplantation.
Am J Surg 1972;123:293-6.
371. Aziz S, Bergdahl L, Baldwin JC, Weiss LM, Jamieson SW, Oyer PE, et al. Pancreatitis after
cardiac and cardiopulmonary transplantation. Surgery 1985;97:653-61.
372. Frick TW, Fryd DS, Goodale RL, Simmons RL, Sutherland DE, Najarian JS. Lack of association between azathioprine and acute pancreatitis in renal transplantation patients . Lancet
1991;337:251-2.
373. Tilney NL, Collins JJ, Wilson RE. Hemorrhagic pancreatitis-A fatal complication of renal
transplantation. N Eng J Med 1966;274:1051-7.
374. Greif J, Erdmann E. Lebensbedrohliche Interaktion zwischen Azathioprin und Allopurinol.
Internist (Berl) 1985;26:717-9.
375. Huizenga KA, Shorter RG, Philips SF. Pancreatitis: a specific complication of azathioprine
treatment of Crohn’s disease. Gastroenterology 1976;70:895.
376. Sturdevant RA, Singleton JW, Deren JL, Law DH, McCleery JL. Azathioprine-related pancreatitis in patients with Crohn’s disease. Gastroenterology 1979;77:883-6.
377. Haber CJ, Meltzer SJ, Present DH, Korelitz BI. Nature and course of pancreatitis caused
by 6-mercaptopurine in the treatment of inflammatory bowel disease. Gastroenterology
1986;91:982-6.
378. Cuffari C, Theoret Y, Latour S, Seidman G. 6-Mercaptopurine metabolism in Crohn’s disease: correlation with efficacy and toxicity. Gut 1996;39:401-6.
379. Kirschner BS. Safety of azathioprine and 6-mercaptopurine in pediatric patients with
inflammatory bowel disease. Gastroenterology 1998;115:813-21.
380. Marion JF. Toxicity of 6-mercaptopurine/azathioprine in patients with inflammatory bowel
disease. Inflamm Bowel Dis 1998;4:116-7.
381. Synn AY, Mulvihill SJ, Fonkalsrud EW. Surgical disorders of the pancreas in infancy and
childhood. Am J Surg 1988;156:201-5.
382. Broe PJ, Cameron JL. Azathioprine and acute pancreatitis: studies with an isolated perfused canine pancreas. J Surg Res 1983;34:159-63.
383. Dreiling DA, Nacchiero. The effect of Imuran on pancreatic secretion. Am J Gastroenterol
1978;69:491-3.
384. Castiglione F, Del Vecchio Blanco G, Rispo A, Mazzacca G. Prevention of pancreatitis by
weekly amylase assay in patients with Crohn’s disease treated with azathioprine. Am J
Gastroenterol 2000;95:2394-5.
385. Newman CE, Ellis DJ. Pancreatitis during combination chemotherapy. Clin Oncol 1979;5:
83-4.
386. Puckett JB, Butler WM, McFarland JA. Pancreatitis and cancer chemotherapy . Ann Intern
Med 1982;97:453.
387. Socinski MA, Garnick MB. Acute pancreatitis associated with chemotherapy for germ cell
tumors in two patients. Ann Intern Med 1988;108:567-8.
DRUG-INDUCED ACUTE PANCREATITIS: DESCRIPTIVE STUDIES

98

IE33.indd 98

04-11-2002, 14:22:11

388. Nevalainen TJ. Cytotoxicity of vinblastine and vincristine to pancreatic acinar cells. Virchows Arch B Cell Pathol 1975;18:119-27.
389. Zion M, Goldberg B, Suzman MM. Corticotrophin and cortisone in the treatment of scleroderma. QJM 1955;24:215.
390. Riemenschneider TA, Wilson JF, Vernier RL. Glucocorticoid-induced pancreatitis in children. Pediatrics 1968;41:428-37.
391. Boros G, Horvath L. Prednisolonpankreatitis. Z Gesamte Inn Med 1968;23:729-32.
392. Cortese AF, Glenn F. Hypocalcemia and tetany with steroid-induced acute pancreatitis.
Arch Surg 1968;96:119-22.
393. Wolfmuller H. Zystische Steroidpankreatitis bei aplastischer Anamie. Dtsch Med Wochenschr 1968;93:1180-3.
394. Kovacs E, Tornoczky J, Horgasz J. Pankreatitis nach Glukokortikoidtherapie. Z Gesamte
Inn Med 1973;28:629-33.
395. Felig DM, Topazian M. Corticosteroid-induced pancreatitis . Ann Intern Med 1996;124:
1016.
396. Kobayashi A, Utsunomiya T, Horino M, Obe Y, Hata J. Nephrosis, steroids, pancreatitis,
and diabetic ketoacidosis. Am J Dis Child 1973;125:726-9.
397. Baar HS, Wolff OH. Pancreatic necrosis in cortisone-treated children. Lancet 1957;1:812-5.
398. Frey C, Redo SF. Inflammatory lesions of the pancreas in infancy and childhood. Pediatrics
1963;32:93-102.
399. Schrier R, Bulger RJ. Steroid-induced pancreatitis. JAMA 1965;194:564-5.
400. Nelp WB. Acute pancreatitis associated with steroid therapy. Arch Intern Med 1961;108:
702-10.
401. Pitkeathly DA. Pancreatic necrosis and cortisone. Br Med J 1959;2:1253.
402. Lindner HD. Akute pankreatitis (Pankreasnekrase) in folge glucocorticoid therapie.
Deutsch Med Wschr 1964;89:833-9.
403. Dabrowski S, Lozinski J, Mielnik W. acute haemorrhagic necrosis of pancreas during corticosteroid treatment. Lancet 1959;276:1149-50.
404. Bourne MS, Dawson MS. Acute pancreatitis complicating prednisolone therapy. Lancet
1958;2:1209-10.
405. Sash L. Relationship of cortisone therapy to pancreatic necrosis. Br Med J 1959;2:867-8.
406. Meltzer LE, Palmon FP, Paik YK, Custer RP. Acute pancreatitis secondary to hypercalcemia
of multiple myeloma. Ann Intern Med 1962;57:1008-12.
407. Goldberg BH, Bergstein JM. Acute respiratory distress in a child after steroid-induced pancreatitis. Pediatrics 1978;61:317-8.
408. Baron M, Brisson ML. Pancreatitis in systemic lupus erythematosus. Arthritis Rheum
1982;25:1006-9.
409. Levine RA, McGuire RF. Corticosteroid-induced pancreatitis: a case report demonstrating
recurrence with rechallenge. Am J Gastroenterol 1988;83:1161-4.
410. Yoshizawa Y, Ogasa S, Izaki S, Kitamura K. Corticosteroid-induced pancreatitis in patients
with autoimmune bullous disease: case report and prospective study. Dermatology
1999;198:304-6.
411. Marczynska-Robowska M. Pancreatic necrosis in a case of Still’s disease. Lancet 1957;1:8156.
412. Di Fazano CS, Messica O, Quennesson S, Quennesson ER, Inaoui R, Vergne P, et al. Two
new cases of glucocorticoid-induced pancreatitis . Rev Rhum Engl Ed 1999;66:235.
413. Akhtar M, Bhakoo DN, Chandra RK. Pancreatitis in a child with leukemia on intensive
Review

99

IE33.indd 99

04-11-2002, 14:22:11

steroid therapy:report of a case. Indian J Pediat 1964;31:327.
414. Heuser E, Lieberman E, Donnel G, Landing BH. Subcutaneous fat necrosis with acute
hemorrhagic pancreatitis: a case in a child with steroid resistant nephrosis treated with
6-mercaptopurine. calif med 1967;106.
415. Richards W, Patrick JR. Death from asthma in children. Am J Dis Child 1965;110:4-21.
416. Oppenheimer EH, Boitnott JK. Pancreatitis in children follwing adrenal corticosteroid
therapy. Bull Hopkins Hospital 1960;107:297-306.
417. Keefe M, Munro F. Acute pancreatitis: a fatal complication of treatment of bullous pemphigoid with systemic corticosteroids. Dermatologica 1989;179:73-5.
418. Fonkalsrud EW, Henney P, Riemenschneider TA, Barder WF. Management of pancreatitis
in infants and children. Am J Surg 1968;116:198-203.
419. Legre M, Boucher J, Lebreuil G, Tronconi JC, Rosenblum J, Monges A. Les pancreatites
aigues cortico-induites. Med Chir Dig 1972;1:113-8.
420. Buntain WL, Wood JB, Woolley MM. Pancreatitis in childhood. J Pediatr Surg 1978;13:1439.
421. Moossa AR. Acute pancreatitis in childhood. A study of 16 cases and review of the literature. Prog Pediatr Surg 1972;4:111-27.
422. Hiramatsu K, Moriuchi J, Arimori S, Ide A, Usui T, Tanaka K, et al. Acute pancreatitis and
Cushing’s disease. Tokai J Exp Clin Med 1991;16:153-6.
423. Clague HW, Warren B, Krasner N. Acute pancreatitis and Cushing’s syndrome. Postgrad
Med J 1984;60:618-20.
424. Steinberg WM, Lewis JH. Steroid-induced pancreatitis: does it really exist? Gastroenterology 1981;81:799-808.
425. Kaplan MH, Dreiling DA. Steroids revisited. II. Was cortisone responsible for the pancreatitis? Am J Gastroenterol 1977;67:141-7.
426. Carone FA, Liebow AA. Acute pancreatic lesions in patients with ACTH and adrenal corticoids. N Eng J Med 1957;257:690--7.
427. Gullo L, Costa PL, Tessari R, Fontana G. Cortisol and pancreatic secretion. Observations on
pure pancreatic juice. Scand J Gastroenterol 1980;15:45-7.
428. Dreiling DA, Janowitz HD, Rolbin H. Effect of ACTH and adrenocortical steroids on external pancreatic secretion in man. N Eng J Med 603;258:603-5.
429. Stumpf HH, Wilens SL, Somoza C. Pancreatic lesions ans peripancreatic fat necrosis in
cortisone-treated rabbits. Lab Invest 1956;5:224-35.
430. Bencosme SA, Lazarus SS. The pancreas of cortisone-treated rabbits. Arch Pathol 1956;62:
285-95.
431. Fittschen C, Bellamy JE. Prednisone treatment alters the serum amylase and lipase activities in normal dogs without causing pancreatitis. Can J Comp Med 1984;48:136-40.
432. Parent J. Effects of dexamethasone on pancreatic tissue and on serum amylase and lipase
activities in dogs. J Am Vet Med Assoc 1982;180:743-6.
433. Kimura T, Zuidema GD, Cameron JL. Steroid administration and acute pancreatitis: studies with an isolated, perfused canine pancreas. Surgery 1979;85:520-4.
434. Heary RF, Vaccaro AR, Mesa JJ, Northrup BE, Albert TJ, Balderston RA, et al. Steroids and
gunshot wounds to the spine . Neurosurgery 1997;41:576-83; discussion 583-4.
435. Chrousos GA, Kattah JC, Beck RW, Cleary PA. Side effects of glucocorticoid treatment.
Experience of the Optic Neuritis Treatment Trial. Jama 1993;269:2110-2.
436. McBride CE, Yavorski RT, Moses FM, Robson ME, Solimando DA, Jr., Byrd JC. Acute pancreatitis associated with continuous infusion cytarabine therapy: a case report. Cancer
DRUG-INDUCED ACUTE PANCREATITIS: DESCRIPTIVE STUDIES

100

IE33.indd 100

04-11-2002, 14:22:12

1996;77:2588-91.
437. Siemers RF, Friedenberg WR, Norfleet RG. High-dose cytosine arabinoside-associated pancreatitis. Cancer 1985;56:1940-2.
438. Altman AJ, Dinndorf P, Quinn JJ. Acute pancreatitis in association with cytosine arabinoside therapy. Cancer 1982;49:1384-6.
439. Jehn U, Goldel N, Rienmuller R, Wilmanns W. Non-cardiogenic pulmonary edema complicating intermediate and high-dose Ara C treatment for relapsed acute leukemia. Med
Oncol Tumor Pharmacother 1988;5:41-7.
440. Mitus AJ, Miller KB, Schenkein DP, Ryan HF, Parsons SK, Wheeler C, et al. Improved survival for patients with acute myelogenous leukemia. J Clin Oncol 1995;13:560-9.
441. McGrail LH, Sehn LH, Weiss RB, Robson MR, Antin JH, Byrd JC. Pancreatitis during therapy of acute myeloid leukemia: cytarabine related? Ann Oncol 1999;10:1373-6.
442. Izraeli S, Adamson PC, Blaney SM, Balis FM. Acute pancreatitis after ifosfamide therapy.
Cancer 1994;74:1627-8.
443. Bergemann N, Ehrig C, Diebold K, Mundt C, von Einsiedel R. Asymptomatic pancreatitis
associated with clozapine. Pharmacopsychiatry 1999;32:78-80.
444. Jubert P, Fernandez R, Ruiz A. Clozapine-related pancreatitis. Ann Intern Med 1994;121:
722-3.
445. Fullerton F, McPhillips M, Edelman K, Riccio M. Acute pancreatitis in association with
clozapine. New Trends in Experimental and Clinical Psychiatry 1994;10:149-151.
446. Frankenburg FR, Kando J. Eosinophilia, clozapine, and pancreatitis . Lancet 1992;340:251.
447. Chengappa KNRM, Pelucio M, Baker REW, Cole D. Recurrent pancreatitis on clozapine rechallenge. J Psychopharmacol 1995;9:381-382.
448. Cerulli TR. Clozapine-associated pancreatitis. Harv Rev Psychiatry 1999;7:61-3.
449. Gatto EM, Castronuovo AP, Uribe Roca MC. Clozapine and pancreatitis . Clin Neuropharmacol 1998;21:203.
450. Martin A. Acute pancreatitis associated with clozapine use . Am J Psychiatry 1992;149:
714.
451. Straumann A, Bauer M, Pichler WJ, Pirovino M. Acute pancreatitis due to pyritinol: an
immune-mediated phenomenon. Gastroenterology 1998;115:452-4.
452. Coulter DL, Allen RJ. Pancreatitis associated with valproic acid therapy for epilepsy . Ann
Neurol 1980;7:92.
453. Fecik SE, Stoner SC, Raphael J, Lindsey C. Recurrent acute pancreatitis associated with
valproic acid use for mood stabilization. J Clin Psychopharmacol 1999;19:483-4.
454. Camfield PR, Bagnell P, Camfield CS, Tibbles JA. Pancreatitis due to valproic acid . Lancet
1979;1:1198-9.
455. Batalden PB, Van Dyne BJ, Cloyd J. Pancreatitis associated with valproic acid therapy.
Pediatrics 1979;64:520-2.
456. Sasaki M, Tonoda S, Aoki Y, Katsumi M. Pancreatitis due to valproic acid . Lancet 1980;1:
1196.
457. Parker PH, Helinek GL, Ghishan FK, Greene HL. Recurrent pancreatitis induced by valproic acid. A case report and review of the literature. Gastroenterology 1981;80:826-8.
458. Kayemba Kay’s Kabangu S, Bovier Lapierre M, Jalaguier E. Pancreatite aigue et acide valproique. Pediatrie (Bucur) 1991;46:839-43.
459. Croizet O, Louvel D, Teuliere JP, Buscail L, Escourrou J, Frexinos J. Pancreatite aigue
induite par l’acide valproique. Gastroenterol Clin Biol 1994;18:910-1.
460. Dickinson RG, Bassett ML, Searle J, Tyrer JH, Eadie MJ. Valproate hepatotoxicity: a review
Review

101

IE33.indd 101

04-11-2002, 14:22:13

and report of two instances in adults. Clin Exp Neurol 1985;21:79-91.
461. Ford DM, Portman RJ, Lum GM. Pancreatitis in children on chronic dialysis treated with
valproic acid. Pediatr Nephrol 1990;4:259-61.
462. Asconape JJ, Penry JK, Dreifuss FE, Riela A, Mirza W. Valproate-associated pancreatitis.
Epilepsia 1993;34:177-83.
463. Lankisch PG, Criee CP. Akute Pankreatitis unter antikonvulsiver Therapie mit Natriumvalproinat (Ergenyl). Dtsch Med Wochenschr 1980;105:905.
464. Murphy MJ, Lyon IW, Taylor JW, Mitts G. Valproic acid associated pancreatitis in an adult
. Lancet 1981;1:41-2.
465. Williams LH, Reynolds RP, Emery JL. Pancreatitis during sodium valproate treatment.
Arch Dis Child 1983;58:543-4.
466. Wyllie E, Wyllie R, Cruse RP, Erenberg G, Rothner AD. Pancreatitis associated with valproic
acid therapy. Am J Dis Child 1984;138:912-4.
467. Rosenberg HK, Ortega W. Hemorrhagic pancreatitis in a young child following valproic
acid therapy. Clinical and ultrasonic assessment. Clin Pediatr (Phila) 1987;26:98-101.
468. Braun E, Spannagel B, Bundschu HD. Inapparent verlaufende Pankreatitis mit Pseudozystenbildung und cholestatischem Ikterus unter antikonvulsiver Therapie mit Valproinsaure.
Klin Wochenschr 1987;65:433-6.
469. Lott JA, Bond LW, Bobo RC, McClung HJ, Murray RD. Valproic acid-associated pancreatitis:
report of three cases and a brief review. Clin Chem 1990;36:395-7.
470. Bouget J, Deugnier Y, Camus C, Thoreux PH, Letulzo Y, Thomas R, et al. Acide valproique:
association d’une hepatite aigue mortelle et d’une pancreatite. Ann Med Interne (Paris)
1990;141:491-3.
471. Binek J, Hany A, Heer M. Valproic-acid-induced pancreatitis. Case report and review of the
literature. J Clin Gastroenterol 1991;13:690-3.
472. Rose E, de Miscault G, Thome M, Boussard N. Pancreatite aigue au valproate de sodium.
Revue de la litterature a propos d’un cas chez l’enfant. Pediatrie (Bucur) 1991;46:831-7.
473. Ng JY, Disney AP, Jones TE, Purdie G. Acute pancreatitis and sodium valproate . Med J
Aust 1982;2:362.
474. Talwar D. Valproate-associated acute pancreatitis in a child with neuronal ceroid lipofuscinosis. J Child Neurol 1994;9:36-7.
475. Buzan RD, Firestone D, Thomas M, Dubovsky SL. Valproate-associated pancreatitis and
cholecystitis in six mentally retarded adults. J Clin Psychiatry 1995;56:529-32.
476. Evans RJ, Miranda RN, Jordan J, Krolikowski FJ. Fatal acute pancreatitis caused by valproic acid. Am J Forensic Med Pathol 1995;16:62-5.
477. Tobias JD, Capers C, Sims P, Holcomb GW, 3rd. Necrotizing pancreatitis after 10 years of
therapy with valproic acid. Clin Pediatr (Phila) 1995;34:446-8.
478. Callaghan N, O’Hare J, O’Driscoll D, O’Neill B, Daly M. Comparative study of ethosuximide and sodium valproate in the treatment of typical absence seizures (petit mal). Dev
Med Child Neurol 1982;24:830-6.
479. Armour DJ, Veitch GB. Is valproate monotherapy a practical possibility in chronically
uncontrolled epilepsy? J Clin Pharm Ther 1988;13:53-64.
480. Andersen GO, Ritland S. Life threatening intoxication with sodium valproate. J Toxicol Clin
Toxicol 1995;33:279-84.
481. Levin TL, Berdon WE, Seigle RR, Nash MA. Valproic-acid-associated pancreatitis and
hepatic toxicity in children with endstage renal disease . Pediatr Radiol 1997;27:192-3.
482. Pinkston R, Walker LA. Multiorgan system failure caused by valproic acid toxicity. Am J
DRUG-INDUCED ACUTE PANCREATITIS: DESCRIPTIVE STUDIES

102

IE33.indd 102

04-11-2002, 14:22:13

Emerg Med 1997;15:504-6.
483. Moreiras Plaza M, Rodriguez Goyanes G, Cuina L, Alonso R. On the toxicity of valproicacid. Clin Nephrol 1999;51:187-9.
484. Baskies AM. Case report: pancreatic pseudocyst associated with valproic acid therapy. J
Med Soc N J 1984;81:399-400.
485. Pippenger CE, Meng X, Van Lente F. Valproate therapy depresses free radical scavenging
enzyme activity: a probable mechanism for induction of acute pancreatitis or hepatotoxicity. Neurology 1989;39(suppl 1):214.
486. Connacher AA, Macnab MS, Moody JP, Jung RT. Fatality due to massive overdose of
sodium valproate. Scott Med J 1987;32:85-6.
487. Cooper MA, Groll A. A case of chronic pancreatic insufficiency due to valproic acid in a
child. Can J Gastroenterol 2001;15:127-30.
488. Walker RM, Smith GS, Barsoum NJ, Macallum GE. Preclinical toxicology of the anticonvulsant calcium valproate. Toxicology 1990;63:137-55.
489. Coulter DL, Wu H, Allen RJ. Valproic acid therapy in childhood epilepsy. Jama 1980;244:
785-8.
490. Gang N, Langevitz P, Livneh A. Relapsing acute pancreatitis induced by re-exposure to the
cholesterol lowering agent bezafibrate. Am J Gastroenterol 1999;94:3626-8.
491. Hesselmann J. Akute Pankreatitis durch Codeinpraparate. Dtsch Med Wochenschr
1984;109:317.
492. Arendt T. Akute Pankreatitis durch Codeinpraparate? Dtsch Med Wochenschr 1984;109:
1544.
493. Hastier P, Buckley MJ, Peten EP, Demuth N, Dumas R, Demarquay JF, et al. A new source
of drug-induced acute pancreatitis: codeine. Am J Gastroenterol 2000;95:3295-8.
494. Renkes P, Trechot P. Acetaminophen-codeine combination induced acute pancreatitis .
Pancreas 1998;16:556-7.
495. Jaffe JH, Martin WR. Opioid analgesics and antagonists. In: Goodman L, Gilman A, editors.
The pharmacological basis of therapeutics. 6 ed. New York: Macmillan; 1980. p. 504-5.
496. Piper C, Mathias B. Orale Kontrazeptiva: unerwunschte Wirkungen im Bereich der inneren
Medizin. Med Klin 1989;84:227-35.
497. Foster ME, Powell DE. Pancreatitis, multiple infarcts and oral contraception. Postgrad Med
J 1975;51:667-9.
498. Mungall IP, Hague RV. Pancreatitis and the pill. Postgrad Med J 1975;51:855-7.
499. Bauer-Hack K. Ovulationshemmer und Pankreopathie. Med Welt 1970;40:1739-45.
500. Atukorale DP, Wallooppillai NJ. Oral contraceptives and serum amylase. BMJ 1972:829.
501. Davidoff F, Tishler S, Rosoff C. Marked hyperlipidemia and pancreatitis associated with
oral contraceptive therapy. N Engl J Med 1973;289:552-5.
502. Jubelin J, Vague J. Pancreatite aigue et hyperlipemie sous contraceptifs oraux. Nouv
Presse Med 1974;3:1725.
503. Devars du Mayne JF, Bouchacourt E, Hardouin JP. Pancreatite aigue et hepatite cholestatique induites par estroprogestatifs. Nouv Presse Med 1980;9:3550-1.
504. Liu JW. Birth control pills and pancreatitis. Md State Med J 1982;31:66-7.
505. Bank S, Marks IN. Case reports. Hyperlipaemic pancreatitis and the pill. Postgrad Med J
1970;46:576-8.
506. Schaefer JR, Steinmetz A, Dugi K, Ehlenz K, von Wichert P, Kaffarnik H. Durch orale
Kontrazeptiva induzierte Pankreatitis bei Hyperchylomikronamie-Syndrom. Dtsch Med
Wochenschr 1995;120:325-8.
Review

103

IE33.indd 103

04-11-2002, 14:22:14

507. Parker WA. Estrogen-induced pancreatitis. Clin Pharm 1983;2:75-9.
508. Stuyt PM, Demacker PN, Stalenhoef AF. Pancreatitis induced by oestrogen in a patient with
type I hyperlipoproteinaemia. Br Med J (Clin Res Ed) 1986;293:734.
509. Isley WL, Oki J. Estrogen-induced pancreatitis after discontinuation of concomitant
medroxyprogesterone therapy. Am J Med 1997;102:416-7.
510. Agarwal M, Lunt H, Scott R. Hormone replacement therapy, diabetes and pancreatitis secondary to hypertriglyceridaemia . N Z Med J 1997;110:426.
511. Glueck CJ, Scheel D, Fishback J, Steiner P. Estrogen-induced pancreatitis in patients with
previously covert familial type V hyperlipoproteinemia. Metabolism 1972;21:657-66.
512. Coschieri M, Dor JF, Andrieux G, Alessandra JP, Dulbecco P. Pancreatite aigue et diethylstilboestrol (Distilbene). Gastroenterol Clin Biol 1994;18:1040-1.
513. Murley RS. Pancreatitis from oral contraceptives. BMJ 1974:161.
514. Rao KN, Eagon PK, Okamura K, Van Thiel DH, Gavaler JS, Kelly RH, et al. Acute hemorrhagic pancreatic necrosis in mice. Induction in male mice treated with estradiol. Am J
Pathol 1982;109:8-14.
515. Glueck CJ, Lang J, Hamer T, Tracy T. Severe hypertriglyceridemia and pancreatitis when
estrogen replacement therapy is given to hypertriglyceridemic women. J Lab Clin Med
1994;123:59-64.
516. Donahoo WT, Kosmiski LA, Eckel RH. Drugs causing dyslipoproteinemia. Endocrinol
Metab Clin North Am 1998;27:677-97.
517. Bhathena RK, Anklesaria BS, Ganatra AM. The treatment of hypertriglyceridaemia in
menopausal women with transdermal oestradiol therapy. Br J Obstet Gynaecol 1999;106:
980-2.
518. Colls BM, George PM. Severe hypertriglyceridaemia and hypercholesterolaemia associated
with tamoxifen use. Clin Oncol (R Coll Radiol) 1998;10:270-1.
519. Elisaf MS, Nakou K, Liamis G, Pavlidis NA. Tamoxifen-induced severe hypertriglyceridemia and pancreatitis. Ann Oncol 2000;11:1067-9.
520. Brun LD, Gagne C, Rousseau C, Moorjani S, Lupien PJ. Severe lipemia induced by tamoxifen. Cancer 1986;57:2123-6.
521. Castro MR, Nguyen TT, O’Brien T. Clomiphene-induced severe hypertriglyceridemia and
pancreatitis. Mayo Clin Proc 1999;74:1125-8.
522. Bories JM, Bauret P, Larrey D, Michel H. Pancreatite aigue et dexfenfluramine (Isomeride):
a propos d’une observation. Gastroenterol Clin Biol 1992;16:817-8.
523. Thys F, Schapira M, Ghilain JM, Maisin JM, Henrion J. Pancreatite aigue et fenfluramine.
Gastroenterol Clin Biol 1994;18:385-6.
524. Malozowski S, Hung W, Scott DC, Stadel BV. Acute pancreatitis associated with growth hormone therapy for short stature . N Engl J Med 1995;332:401-2.
525. Allen DB. Safety of human growth hormone therapy: current topics. J Pediatr 1996;128:
S8-13.
526. Pluhar W. Ein Fall moglicher Lovastatin-induzierter Pankreatitis bei gleichzeitigem GilbertSyndrom. Wien Klin Wochenschr 1989;101:551-4.
527. Couderc M, Blanc P, Rouillon JM, Bauret P, Larrey D, Michel H. Un nouveau cas de pancreatite aigue apres la prise de simvastatine. Gastroenterol Clin Biol 1991;15:986-7.
528. Lons T, Chousterman M. La simvastatine: une nouvelle molecule responsable de pancreatite aigue? Gastroenterol Clin Biol 1991;15:93-4.
529. Ramdani M, Schmitt AM, Liautard J, Duhamel O, Legroux P, Gislon J, et al. Pancreatite
aigue a la simvastatine: deux cas. Gastroenterol Clin Biol 1991;15:986.
DRUG-INDUCED ACUTE PANCREATITIS: DESCRIPTIVE STUDIES

104

IE33.indd 104

04-11-2002, 14:22:14

530. McDonald KB, Garber BG, Perreault MM. Pancreatitis associated with simvastatin plus
fenofibrate. Ann Pharmacother 2002;36:275-9.
531. Belaiche G, Ley G, Slama JL. Pancreatite aigue associee a la prise d’atorvastatine. Gastroenterol Clin Biol 2000;24:471.
532. Abdul-Ghaffar NU, el-Sonbaty MR. Pancreatitis and rhabdomyolysis associated with lovastatin-gemfibrozil therapy. J Clin Gastroenterol 1995;21:340-1.
533. Berland Y, Vacher Coponat H, Durand C, Baz M, Laugier R, Musso JL. Rhabdomyolysis
with simvastatin use . Nephron 1991;57:365-6.
534. Taguchi M, Yokota M, Koyano H, Endo Y, Ozawa Y. Acute pancreatitis and parotitis induced
by methimazole in a patient with Graves’ disease. Clin Endocrinol (Oxf) 1999;51:667-70.
535. Goldstein J, Laskin DA, Ginsberg GH. Sulindac associated with pancreatitis . Ann Intern
Med 1980;93:151.
536. Siefkin AD. Sulindac and pancreatitis . Ann Intern Med 1980;93:932-3.
537. Memon AN. Pancreatitis and sulindac . Ann Intern Med 1982;97:139.
538. Lerche A, Vyberg M, Kirkegaard E. Acute cholangitis and pancreatitis associated with sulindac (clinoril). Histopathology 1987;11:647-53.
539. Sugerman HJ. Sulindac-induced acute pancreatitis mimicking gallstone pancreatitis. Am
Surg 1989;55:536-8.
540. Lilly EL. Pancreatitis after administration of sulindac . Jama 1981;246:2680.
541. Klein SM, Khan MA. Hepatitis, toxic epidermal necrolysis and pancreatitis in association
with sulindac therapy. J Rheumatol 1983;10:512-3.
542. Zygmunt DJ, Williams HJ, Bienz SR. Acute pancreatitis associated with long-term sulindac
therapy. West J Med 1986;144:461-2.
543. Clark BG, Vestal RE. Adverse drug reactions in the elderly: case studies. Geriatrics 1984;39:
53-4, 60-3, 66.
544. Guerra M. Toxicity of indomethacin. Report of a case of acute pancreatitis. Jama 1967;200:
552-3.
545. Ruppert GB, Barth WF. Ibuprofen hypersensitivity in systemic lupus erythematosus. South
Med J 1981;74:241-3.
546. VanWalraven AA, Edels M, Fong S. Pancreatitis caused by mefenamic acid . Can Med Assoc
J 1982;126:894.
547. Bosch JA, Valdes M, Oristrell J, Pigrau C, Ordi J. Oxyphenbutazone-induced sialadenitis,
intrahepatic cholestasis and pancreatitis . Acta Gastroenterol Belg 1985;48:529-30.
548. Versteegh MI, Vijverberg PL, van Dijk HA. Pancreasprikkeling door oxyfenbutazon (Tanderil). Ned Tijdschr Geneeskd 1983;127:1924-5.
549. Haye OL. Piroxicam and pancreatitis . Ann Intern Med 1986;104:895.
550. Jick H, Derby LE, Garcia Rodriguez LA, Jick SS, Dean AD. Nonsteroidal antiinflammatory
drugs and certain rare, serious adverse events: a cohort study. Pharmacotherapy 1993;13:
212-7.
551. Cadranel JF, Grippon P, Lunel F, Victor N, Opolon P. Prise d’acide tiaprofenique (Surgam)
associee a une poussee de pancreatite aigue. Gastroenterol Clin Biol 1987;11:99-100.
552. Cobb TK, Pierce JR, Jr. Acute pancreatitis associated with ketoprofen. South Med J 1992;85:
430-1.
553. Flamenbaum M, Abergel A, Marcato N, Zenut M, Kemeny JL, Cassan P. Hepatite fulminante regressive, pancreatite aigue et insuffisance renale apres prise de ketoprofene. Gastroenterol Clin Biol 1998;22:975-6.
554. Mete D, Milon A, Belon G, Gatina JH. Pancreatite aigue et ketoprofene. Gastroenterol Clin
Review

105

IE33.indd 105

04-11-2002, 14:22:15

Biol 2001;25:721.
555. Khan IH, Edward N. Pancreatitis associated with diclofenac. Postgrad Med J 1993;69:4867.
556. Du Ville L, Debeuckelaere S, Reynaert H, Devis G. Pancreatitis associated with naproxen .
Am J Gastroenterol 1993;88:464.
557. Castiella A, Lopez P, Bujanda L, Arenas JI. Possible association of acute pancreatitis with
naproxen. J Clin Gastroenterol 1995;21:258.
558. Goyal SB, Goyal RS. Ketorolac tromethamine-induced acute pancreatitis . Arch Intern Med
1998;158:411.
559. Baciewicz AM, Sokos DR, King TJ. Acute pancreatitis associated with celecoxib. Ann Intern
Med 2000;132:680.
560. Carrillo-Jimenez R, Nurnberger M. Celecoxib-induced acute pancreatitis and hepatitis: a
case report. Arch Intern Med 2000;160:553-4.
561. Kumar AN, Schwartz DE, Lim KG. Propofol-induced pancreatitis: recurrence of pancreatitis after rechallenge. Chest 1999;115:1198-9.
562. Leisure GS, O’Flaherty J, Green L, Jones DR. Propofol and postoperative pancreatitis.
Anesthesiology 1996;84:224-7.
563. Metkus AP, Trabulsy PP, Schlobohm RS, Hickey MS. A firefighter with pancreatitis. Lancet
1996;348:1702.
564. Bird H, Brim V. Propofol and postoperative pancreatitis. Anaesthesia 2000;55:489-518.
565. Betrosian AP, Balla M, Papanikolaou M, Kofinas G, Georgiadis G. Post-operative pancreatitis after propofol administration. Acta Anaesthesiol Scand 2001;45:1052.
566. Possidente CJ, Rogers FB, Osler TM, Smith TA. Elevated pancreatic enzymes after extended
propofol therapy. Pharmacotherapy 1998;18:653-5.
567. Pezzilli R, Billi P, Barakat B, Fiocchi M, Re G, Gullo L, et al. Serum pancreatic enzymes in
patients with coma due to head injury or acute stroke. Int J Clin Lab Res 1997;27:244-6.
568. Vitale GC, Larson GM, Davidson PR, Bouwman DL, Weaver DW. Analysis of hyperamylasemia in patients with severe head injury. J Surg Res 1987;43:226-33.
569. Wingfield TW. Pancreatitis after propofol administration: is there a relationship? . Anesthesiology 1996;84:236-7.
570. Donmez A, Arslan G, Pirat A, Demirhan B. Is pancreatitis a complication of propofol infusion? Eur J Anaesthesiol 1999;16:367-70.
571. Donmez A, Sener M, Candan S, Arslan G. Can we blame propofol for pancreatitis? Pharmacotherapy 1999;19:1181-2.
572. Piper SN, Kumle B, Maleck WH, Suttner SW, Fent MT, Boldt J. Effects of postoperative sedation with propofol and midazolam on pancreatic function assessed by pancreatitis-associated protein. Anaesthesia 2001;56:836-840.
573. Pichon V, Theissen O, Loeb JP. Coma acidocetosique, mode de decouverte d’une pancreatite aigue severe chez un patient non diabetique prenant de l’acitretine. Ann Fr Anesth
Reanim 1996;15:1230-1.
574. Yutsudo Y, Imoto S, Ozuru R, Kajimoto K, Itoi H, Koizumi T, et al. Acute pancreatitis after
all-trans retinoic acid therapy . Ann Hematol 1997;74:295-6.
575. Izumi T, Hatake K, Miura Y. Acute promyelocytic leukemia. N Engl J Med 1994;330:141.
576. Flynn WJ, Freeman PG, Wickboldt LG. Pancreatitis associated with isotretinoin-induced
hypertriglyceridemia. Ann Intern Med 1987;107:63.
577. McCarter TL, Chen YK. Marked hyperlipidemia and pancreatitis associated with isotretinoin therapy. Am J Gastroenterol 1992;87:1855-8.
DRUG-INDUCED ACUTE PANCREATITIS: DESCRIPTIVE STUDIES

106

IE33.indd 106

04-11-2002, 14:22:15

578. Aurousseau MH, Levacher S, Beneton C, Blaise M, Pourriat JL. Dysfibrinogenemie et
thrombocytopenie transitoires associees a une pancreatite aigue recidivante lors d’un traitement par l’siotretinoine. Rev Med Interne 1995;16:622-5.
579. Duvic M, Hymes K, Heald P, Breneman D, Martin AG, Myskowski P, et al. Bexarotene is
effective and safe for treatment of refractory advanced-stage cutaneous T-cell lymphoma:
multinational phase II-III trial results. J Clin Oncol 2001;19:2456-71.
580. Khuri FR, Rigas JR, Figlin RA, Gralla RJ, Shin DM, Munden R, et al. Multi-institutional
phase I/II trial of oral bexarotene in combination with cisplatin and vinorelbine in previously untreated patients with advanced non-small-cell lung cancer. J Clin Oncol 2001;19:
2626-37.
581. Leeson PM, Fourman P. Acute pancreatitis from vitamin-D poisening in a patient with
parathyroid deficiency. Lancet 1966;1:1185-6.
582. Waele BD, Smitz J, Willems G. Recurrent pancreatitis secondary to hypercalcemia following vitamin D poisoning. Pancreas 1989;4:378-80.
583. Lankisch PG, Droge M, Gottesleben F. Drug induced acute pancreatitis: incidence and
severity . Gut 1995;37:565-7.
584. Thomson SR, Hendry WS, McFarlane GA, Davidson AI. Epidemiology and outcome of
acute pancreatitis. Br J Surg 1987;74:398-401.
585. Halvorsen FA, Ritland S. Acute pancreatitis in Buskerud County, Norway. Incidence and
etiology. Scand J Gastroenterol 1996;31:411-4.
586. Cadario B. Alendronate: suspected pancreatitis. Cmaj 2002;166:86-7, 91-2.
587. McDiarmid SV. Mycophenolate mofetil in liver transplantation. Clin Transplant 1996;10:
140-5.
588. Sandborn WJ, Tremaine WJ, Offord KP, Lawson GM, Petersen BT, Batts KP, et al. Transdermal nicotine for mildly to moderately active ulcerative colitis. A randomized, double-blind,
placebo-controlled trial. Ann Intern Med 1997;126:364-71.
589. Sebastian Domingo JJ, Simon Marco MA, Uribarrena Echebarria R. Hepatic and pancreatic
injury associated with amineptine therapy. J Clin Gastroenterol 1994;18:168-9.
590. Lin YH, Perng CL, Lin HJ, Chang FY. Acute pancreatitis possibly related to finasteride. J
Clin Gastroenterol 2001;32:276.
591. Scheinin S, Radovancevic B, Frazier OH. Acute pancreatitis complicating OKT3 administration for resistant cardiac rejection. Transplant Proc 1993;25:2368-9.
592. Chuang VP, Wallace S, Stroehlein J, Yap HY, Patt YZ. Hepatic artery infusion chemotherapy: gastroduodenal complications. AJR Am J Roentgenol 1981;137:347-50.
593. Nishawala MA, Callaghan M, Malatack JJ, Moughan B, Ambrosini PJ, Price B, et al. Pancreatitis associated with serotonin-dopamine antagonists. J Child Adolesc Psychopharmacol
1997;7:211-3.
594. Hagger R, Brown C, Hurley P. Olanzapine and pancreatitis. Br J Psychiatry 2000;177:567.
595. Doucette DE, Grenier JP, Robertson PS. Olanzapine-induced acute pancreatitis. Ann Pharmacother 2000;34:1128-31.
596. Ragucci KR, Wells BJ. Olanzapine-induced diabetic ketoacidosis. Ann Pharmacother
2001;35:1556-8.
597. Jeffries JJ, Masson J. Pancreatitis following overdose with amoxapine and procyclidine.
Can J Psychiatry 1985;30:546-7.
598. Alberti-Flor JJ. Pancreatitis associated with ondansetron . J Natl Cancer Inst 1995;87:68990.
599. Renner IG, Savage WTd, Pantoja JL, Renner VJ. Death due to acute pancreatitis. A retroReview

107

IE33.indd 107

04-11-2002, 14:22:16

spective analysis of 405 autopsy cases. Dig Dis Sci 1985;30:1005-18.
600. Zylberberg H, Zylberberg L, Hagege H, Havard S, Gorin I, Chousterman M. Probable GCSF-induced hepatitis and pancreatitis in an HIV- seropositive patient . J Hepatol 1995;22:
596-7.
601. Sussman S. Severe salicylism and acute pancreatitis. Calif Med 1963;99:29-32.
602. Roblin X, Abinader Y, Baziz A. Pancreatite aigue sous glicazide. Gastroenterol Clin Biol
1992;16:96.
603. Hoff PM, Valero V, Holmes FA, Whealin H, Hudis C, Hortobagyi GN. Paclitaxel-induced
pancreatitis: a case report . J Natl Cancer Inst 1997;89:91-3.
604. Mills KM, Johnson DM, Middlebrooks M, Burton GV. Possible drug-associated pancreatitis
after paclitaxel-cremophor administration. Pharmacotherapy 2000;20:95-7.
605. Kerr HD, Yarborough GW. Pancreatitis following ingestion of a homeopathic preparation .
N Engl J Med 1986;314:1642-3.
606. Eisemann AD, Becker NJ, Miner PB, Jr., Fleming J. Pancreatitis and gold treatment of
rheumatoid arthritis . Ann Intern Med 1989;111:860-1.
607. Ben-Ami H, Pollack S, Nagachandran P, Lashevsky I, Yarnitsky D, Edoute Y. Reversible pancreatitis, hepatitis, and peripheral polyneuropathy associated with parenteral gold therapy.
J Rheumatol 1999;26:2049-50.
608. Farrell J, Schmitz PG. Paracetamol-induced pancreatitis and fulminant hepatitis in a hemodialysis patient. Clin Nephrol 1997;48:132-3.
609. Mofenson HC, Caraccio TR, Nawaz H, Steckler G. Acetaminophen induced pancreatitis. J
Toxicol Clin Toxicol 1991;29:223-30.
610. Caldarola V, Hassett JM, Hall AH, Bronstein AB, Kulig KW, Rumack BH. Hemorrhagic pancreatitis associated with acetaminophen overdose. Am J Gastroenterol 1986;81:579-82.
611. Coward RA. Paracetamol-induced acute pancreatitis . Br Med J 1977;1:1086.
612. Hoffmann RM, Forst H, Schelling G, Denecke H, Pape GR. Unklares Leberkoma bei einer
18jahrigen Patientin. Internist (Berl) 1991;32:735-7.
613. Gilmore IT, Tourvas E. Paracetamol-induced acute pancreatitis. Br Med J 1977;1:753-4.
614. Diener W, Kruse R, Berg P. Halogenpannikulitis auf Kaliumbromid. Monatsschr Kinderheilkd 1993;141:705-7.
615. Rodier JM, Pujade-Lauraine E, Batel-Copel L, Alexandre JH, Bernadou A. Granisetroninduced acute pancreatitis . J Cancer Res Clin Oncol 1996;122:132-3.
616. Tan WW, Chapnick EK, Abter EI, Haddad S, Zimbalist EH, Lutwick LI. Paromomycin-associated pancreatitis in HIV-related cryptosporidiosis. Ann Pharmacother 1995;29:22-4.
617. Forte A, Gallinaro L, Montesano G, Turano R, Bertagni A, Illuminati G. A possible case of
carbamazepine induced pancreatitis. Riv Eur Sci Med Farmacol 1996;18:187-9.
618. Soman M, Swenson C. A possible case of carbamazepine-induced pancreatitis. Drug Intell
Clin Pharm 1985;19:925-7.
619. Robbie MJ, Scurry JP, Stevenson P. Carbamazepine-induced severe systemic hypersensitivity reaction with eosinophilia. Drug Intell Clin Pharm 1988;22:783-4.
620. Sammett D, Greben C, Sayeed-Shah U. Acute pancreatitis caused by penicillin. Dig Dis Sci
1998;43:1778-83.
621. Schrogie JJ, Holt P, Hartley RC, Bartholomew LG. “Histamine-induced” pancreatitis. Gastroenterology 1965;49:672-5.
622. Buttner D, Cartsburg R. Akute Pankreatitis nach Magensekretionsanalyse unter Pentagastrinstimulation. MMW Munch Med Wochenschr 1978;120:1679-80.
623. von Boxberg C, Breidenbach K, Hohler H, Kobberling J. Unerwunschte ArzneimittelDRUG-INDUCED ACUTE PANCREATITIS: DESCRIPTIVE STUDIES

108

IE33.indd 108

04-11-2002, 14:22:16

wirkung nach Einnahme von Chlormezanon (Muskel Trancopal) mit letalem Ausgang.
Dtsch Med Wochenschr 1998;123:866-70.
624. Ammann RW, Buhler H, Tuma J, Schneider J, Siebenmann R, Satz N. Chronic and relapsing acute pancreatitis associated with chronic renal insufficiency and analgesic (phenacetin) abuse. Observations in 4 patients. Gastroenterol Clin Biol 1981;5:509-14.
625. Casdorph HR. The efficacy and safety of cholestyramine therapy in hyperlipidemic
patients. Ann Intern Med 1971;74:818.
626. Chase HS, Jr., Mogan GR. Phenformin-associated pancreatitis. Ann Intern Med 1977;87:
314-5.
627. Coodley E, Derasse J, Carver J. Phenformin and pancreatitis. Ann Intern Med 1973;78:3078.
628. Graeber GM, Marmor BM, Hendel RC, Gregg RO. Pancreatitis and severe metabolic abnormalities due to phenformin therapy. Arch Surg 1976;111:1014-6.
629. Levitan AA. Phenformin and pancreatitis. Ann Intern Med 1973;78:306-7.
630. Ryan LM, Hankwitz P, Banasiak M. Phenformin and pancreatitis . Ann Intern Med 1977;87:
796.
631. Wilde H. Pancreatitis and phenformin. Ann Intern Med 1972;77:324.
632. Wu SM, Wolf JW. Pheniformin and pancreatitis . Ann Intern Med 1978;88:128.
633. Patel SA, Braun HL, Fine MS, Moody ML. Imipenem-associated elevation of amylase and
lipase. Am J Gastroenterol 1989;84:80-1.
634. Lambrianides AL, Rosin RD. Acute pancreatitis complicating excessive intake of phenolphthalein. Postgrad Med J 1984;60:491-2.
635. Mann S, Thillainayagam A. Is ciprofloxacin a new cause of acute pancreatitis? J Clin Gastroenterol 2000;31:336.
636. Bunin N, Meyer WH, Christensen M, Pratt CB. Pancreatitis following cisplatin: a case
report. Cancer Treat Rep 1985;69:236-7.
637. Calvo DBd, Patt YZ, Wallace S, Chuang VP, Benjamin RS, Pritchard JD, et al. Phase I-II trial
of percutaneous intra-arterial cis-diamminedichloro platinum (II) for regionally confined
malignancy. Cancer 1980;45:1278-83.
638. Stewart DJ, Feun LG, Maor M, Leavens M, Burgess MA, Benjamin RS, et al. Weekly Cisplatin during cranial irradiation for malignant melanoma metastatic to brain. J Neurooncol
1983;1:49-51.
639. Calmus Y, Biour M, Bodin F, Cheymol G, Darnis F. Hepatites et pancreatite a l’indalpine.
Gastroenterol Clin Biol 1985;9:266-8.
640. De Gennes JL, Dairou F, Surbled-Delas B. Demonstration du role de la lithiase biliaire dans
le declenchement des pancreatites aigues survenant au cours de traitement par le clofibrate (ou analogues) des hyperlipidemies atherogenes. Ann Med Interne (Paris) 1978;129:
435-9.
641. A co-operative trial in the primary prevention of ischaemic heart disease using clofibrate.
Report from the Committee of Principal Investigators. Br Heart J 1978;40:1069-118.
642. Smith RB, Prior IA, Cooke NJ. The effect of clofibrate on raised serum lipid levels. N Z Med
J 1968;68:231-4.
643. Roberge RJ, Martin TG, Hodgman M, Benitez JG. Acute chemical pancreatitis associated
with a tricyclic antidepressant (clomipramine) overdose. J Toxicol Clin Toxicol 1994;32:4259.
644. Birchfield GR, Ward JH, Redman BG, Flaherty L, Samlowski WE. Acute pancreatitis associated with high-dose interleukin-2 immunotherapy for malignant melanoma. West J Med
Review

109

IE33.indd 109

04-11-2002, 14:22:17

1990;152:714-6.
645. Collet T, Even C, Peytier A, Piquet MA, Dao T, Verwaerde JC. Pancreatite aigue et propylthiouracile. Gastroenterol Clin Biol 1995;19:952.
646. Amery A, Vandenbroucke J, Desbuquoit JL, De Groote J. Pancreatitis during clonidine
treatment. Tijdschr Gastroenterol 1973;16:179-85.
647. Langers AM, Jonkers GJ. Pancreatitis toegeschreven aan het gebruik van itraconazol. Ned
Tijdschr Geneeskd 2001;145:1127-8.
648. Chapman LE, Mertz GJ, Peters CJ, Jolson HM, Khan AS, Ksiazek TG, et al. Intravenous
ribavirin for hantavirus pulmonary syndrome: safety and tolerance during 1 year of openlabel experience. Ribavirin Study Group. Antivir Ther 1999;4:211-9.
649. Naidus RM, Rodvien R, Mielke CH, Jr. Colchicine toxicity: a multisystem disease. Arch
Intern Med 1977;137:394-6.
650. Freeman JS, Panebianco PS. Colchicine overdosage: report of a case. J Am Osteopath
Assoc 1982;82:252-4.
651. Perry W, Jenkins MV, Stamp TC. Lysosomal enzymes and pancreatitis during rifampicin
therapy . Lancet 1979;1:492.
652. Mattson K. Side effects of rifampicin. A clinical study. Scand J Respir Dis Suppl 1973;82:
1-52.
653. Riska N, Mattson K. Adverse reactions during rifampicin treatment. Scand J Respir Dis
1972;53:87-96.
654. Lewis LL, Venzon D, Church J, Farley M, Wheeler S, Keller A, et al. Lamivudine in children
with human immunodeficiency virus infection: a phase I/II study. The National Cancer
Institute Pediatric Branch-Human Immunodeficiency Virus Working Group. J Infect Dis
1996;174:16-25.
655. Drory VE, Sidi I, Korczyn AD. Riluzole-induced pancreatitis. Neurology 1999;52:892-3.
656. Rodrigo L, Moreno M, Calleja S, Mateos V, Andrade RJ, Lucena MI. Riluzole-induced acute
pancreatitis. Am J Gastroenterol 2001;96:2268-9.
657. Jadresic D. Acute pancreatitis associated with dual vigabatrin and lamotrigine therapy .
Seizure 1994;3:319.
658. Berent I, Carabeth J, Cordero MM, Cordero R, Sugerman B, Robinson D. Pancreatitis associated with risperidone treatment? . Am J Psychiatry 1997;154:130-1.
659. Cordeiro Q, Jr., Elkis H. Pancreatitis and cholestatic hepatitis induced by risperidone. J
Clin Psychopharmacol 2001;21:529-30.
660. Kenmochi T, Asano T, Shimada H, Ochiai T, Isono K. Clinical and experimental studies of
acute pancreatitis after renal transplantation. Transplant Proc 1992;24:1578-80.
661. Lorber MI, Van Buren CT, Flechner SM, Williams C, Kahan BD. Hepatobiliary complications of cyclosporine therapy following renal transplantation. Transplant Proc 1987;19:
1808-10.
662. Yoshimura N, Nakai I, Ohmori Y, Aikawa I, Fukuda M, Yasumura T, et al. Effect of cyclosporine on the endocrine and exocrine pancreas in kidney transplant recipients. Am J Kidney
Dis 1988;12:11-7.
663. Ito T, Kimura T, Yamaguchi H, Kinjo M, Sumii T, Nakano I, et al. Acute pancreatitis induced
by cyclosporin A under stimulation of pancreas by caerulein. Pancreas 1993;8:693-9.
664. Noseworthy JH, Wolinsky JS, Lublin FD, Whitaker JN, Linde A, Gjorstrup P, et al. Linomide in relapsing and secondary progressive MS: part I: trial design and clinical results.
Neurology 2000;54:1726-33.
665. McDiarmid SV, Klintmalm G, Busuttil RW. FK 506 rescue therapy in liver transplantation:
DRUG-INDUCED ACUTE PANCREATITIS: DESCRIPTIVE STUDIES

110

IE33.indd 110

04-11-2002, 14:22:17

outcome and complications. Transplant Proc 1991;23:2996-9.
666. Uemoto S, Tanaka K, Honda K, Tokunaga Y, Sano K, Katoh H, et al. Experience with FK506
in living-related liver transplantation. Transplantation 1993;55:288-92.
667. Nieto Y, Russ P, Everson G, Bearman SI, Cagnoni PJ, Jones RB, et al. Acute pancreatitis
during immunosuppression with tacrolimus following an allogeneic umbilical cord blood
transplantation. Bone Marrow Transplant 2000;26:109-111.
668. Corp CC, Ghishan FK. The sulfone syndrome complicated by pancreatitis and pleural effusion in an adolescent receiving dapsone for treatment of acne vulgaris. J Pediatr Gastroenterol Nutr 1998;26:103-5.
669. Mehta P, Kedar A, Graham-Pole J, Skoda-Smith S, Wingard JR. Thalidomide in children
undergoing bone marrow transplantation: series at a single institution and review of the
literature. Pediatrics 1999;103:e44.
670. Mussche MM, De Broe ME, Belpaire FM, Vermeulen A, Ringoir SM. Oral diazoxide contraindicated in severe hypertension with renal failure. Clin Nephrol 1975;4:99-103.
671. Bartorelli C, Gargano N, Leonetti G, Zanchetti A. Hypotensive and renal effects of diazoxide, a sodium-retaining benzothiadiazine compound. Circulation 1963;27:895-903.
672. Epelde F, Boada L, Tost J. Pancreatitis caused by loperamide overdose . Ann Pharmacother
1996;30:1339.
673. Howaizi M, Sbai-Idrissi MS, Baillet P. Pancreatite aigue secondaire a la prise de loperamide.
Gastroenterol Clin Biol 2000;24:589.
674. Chiba S, Miyagawa K, Tanaka T, Moriya K, Takahashi K, Hirai H, et al. Tryptophan-associated eosinophilia-myalgia syndrome and pancreatitis . Lancet 1990;336:121.
675. Meylan PR, Calandra T, Casey PA, Glauser MP. Clinical experience with Timentin in severe
hospital infections. J Antimicrob Chemother 1986;17:127-39.
676. Graben N, Bock KD. Diathylpentenamid als Ersatz fur Carbromal? Dtsch Med Wochenschr
1978;103:1167-9.
677. Greenberg SM, Tennis MK, Brown LB, Gomez-Isla T, Hayden DL, Schoenfeld DA, et al.
Donepezil therapy in clinical practice: a randomized crossover study. Arch Neurol 2000;57:
94-9.
678. Bourry J, Sainty JM, Roux JJ, Ressiot G. Pancreatites aigues au cours d’intoxications au
meprobamate. Role eventuel de la therapeutique par amines pressives. Nouv Presse Med
1976;5:1918.
679. Deviere J, Reuse C, Askenasi R. Ischemic pancreatitis and hepatitis secondary to ergotamine poisoning. J Clin Gastroenterol 1987;9:350-2.
680. Ben MH, Thabet H, Zaghdoudi I, Amamou M. Metformin associated acute pancreatitis. Vet
Hum Toxicol 2002;44:47-8.
681. Hoffman K, Holmes FA, Fraschini G, Esparza L, Frye D, Raber MN, et al. Phase I-II study:
triciribine (tricyclic nucleoside phosphate) for metastatic breast cancer. Cancer Chemother
Pharmacol 1996;37:254-8.
682. Schmidt P, Friedman IS. Adverse effects of ethacrynic acid. N Y State J Med 1967;67:143842.
683. Gautier J, Lamisse F, Rozenbaum A. Pancreatite aigue et traitements diuretiques (rapport
d’un cas et revue de la litterature). Cah Med 1970;11:63-7.
684. Meyers DH. Pancreatitis, panniculitis and methandienone. Aust N Z J Med 1982;12:302.
685. Nadir A, Nadir F, Hassanein T, Gurakar A, Wright HI, Van Thiel DH. Acute relapsing pancreatitis induced with ursodeoxycholic acid therapy. J Okla State Med Assoc 1995;88:2958.
Review

111

IE33.indd 111

04-11-2002, 14:22:18

686. Lynn RI, Honig CL, Jatlow PI, Kliger AS. Resin hemoperfusion for treatment of ethchlorvynol overdose. Ann Intern Med 1979;91:549-53.
687. Tester W, Forbes W, Leighton J. Vinorelbine-induced pancreatitis: a case report . J Natl
Cancer Inst 1997;89:1631.
688. Raderer M, Kornek G, Scheithauer W. Re: Vinorelbine-induced pancreatitis: a case report .
J Natl Cancer Inst 1998;90:329.
689. De Jager R, Cheverton P, Tamanoi K, Coyle J, Ducharme M, Sakamoto N, et al. DX-8951f:
summary of phase I clinical trials. Ann N Y Acad Sci 2000;922:260-73.
690. Stecyk O, Loludice TA, Demeter S, Jacobs J. Multiple organ failure resulting from intravenous abuse of methylphenidate hydrochloride. Ann Emerg Med 1985;14:597-9.
691. Larsen RR, Sawyer RB, Sawyer KC, McCurdy RE. Haemorrhegic pancreatitis complicating
anticoagulant therapy. N Y St J Med 1962;62:2397-2399.
692. Goffin E, Horsmans Y, Pirson Y, Cornu C, Geubel A, van Ypersele De Strihou C. Acute
necrotico-hemorrhagic pancreatitis after famciclovir prescription. Transplantation 1995;59:
1218-9.
693. Beamish N, Schwarer AP, Watson AM, Roberts S, O’Brien P, Morgan B. Acute pancreatitis
complicating a bone marrow harvest. Bone Marrow Transplant 1997;19:525-6.
694. Mills GH, Goddard JM. A case of patient controlled analgesia exacerbating postoperative
pain . Anaesthesia 1991;46:893.
695. Bennett IL, Burgess RO. Acute morphine poisening with manifestations of pancreatitis.
JAMA 1952;148:938-9.
696. Famularo G, Pozzessere C, Polchi S, De Simone C. Acute pancreatitis after morphine
administration. Ital J Gastroenterol Hepatol 1999;31:522-3.
697. Rowbotham DJ, Milligan K, McHugh P. Effect of cisapride on morphine absorption after
oral administration of sustained-release morphine. Br J Anaesth 1991;67:421-5.
698. Bogoch A, Roth JLA, Bockus HL. The effects of morphine on serum amylase and lipase.
Gastroenterology 1954;26:697-708.
699. Wapshaw H. The pancreatic side effects of morphine. BMJ 1953;1:373-5.

DRUG-INDUCED ACUTE PANCREATITIS: DESCRIPTIVE STUDIES

112

IE33.indd 112

04-11-2002, 14:22:18

four

C H A P T E R

4

Drug-induced
acute pancreatitis:
analytical studies

IE41.indd 113

04-11-2002, 14:23:08

IE41.indd 114

04-11-2002, 14:23:12

The risk of acute pancreatitis
associated with acid-suppressing
drugs

IE41.indd 115

4.1

04-11-2002, 14:23:12

The risk of acute pancreatitis associated with acid- suppressing drugs
Introduction: Several anti-ulcer drugs have been associated with acute pancreatitis in case
reports. We quantified the risk of acute pancreatitis associated with use of acid-suppressing
drugs.
Methods: We conducted a retrospective cohort study with a nested case-control design
within the General Practice Research Database (GPRD) in the United Kingdom. The cohort
included 180,178 persons aged 20 to 74 years, who had received at least one prescription
of cimetidine, famotidine, nizatidine, ranitidine, lansoprazole, or omeprazole from January
1992 to September 1997 and who did not have major risk factors for pancreatic diseases.
Patients with a computerized medical history compatible with idiopathic acute pancreatitis
were validated through review of medical records. For the nested case-control analysis 1000
controls were randomly selected from the study population.
Results: We identified 88 potential cases of idiopathic acute pancreatitis. Medical records
were available for 86. After review of these records 36 cases of acute pancreatitis were confirmed. Seven cases occurred during non-use, corresponding to a background incidence rate
(IR) of 4.4/100,000 person-years (PY). Six cases occurred during current use of ranitidine (IR
10.5/100,000 PY), five patients were current users of cimetidine (IR 13.9/100,000 PY), and
three were current users of omeprazole (IR 7.8/100,000 PY). There were no cases among
current users of famotidine, lansoprazole, or nizatidine. Relative risk (RR) compared to nonuse and corrected for age, gender, calendar year and use of medication formerly associated
with acute pancreatitis was 1.3 (95% CI: 0.5-3.3) for ranitidine, 2.1 (95% CI: 0.6-7.2) for
cimetidine, and 1.1 (95% CI: 0.4-4.6) for omeprazole.
Conclusion: The results of this study do not suggest a major increased risk of acute pancreatitis associated with use of acid-suppressing drugs.

DRUG-INDUCED ACUTE PANREATITIS: ANALYTICAL STUDIES

116

IE41.indd 116

04-11-2002, 14:23:12

INTRODUCTION
Several drugs have been implicated as possible causes of acute pancreatitis.(1-3) Most
information on drug-induced acute pancreatitis is derived from anecdotal case-reports,
and very little is known about the incidence and mechanisms of drug-induced acute
pancreatitis.
Cimetidine, famotidine, nizatidine, ranitidine, lansoprazole, and omeprazole are
extensively used in the treatment of peptic ulcer disease, and reflux esophagitis.
Adverse drug reactions concerning the central nervous system, the kidneys, the haematological system, the gastrointestinal tract, and the cardiovascular system have
been attributed to these acid-suppressing drugs.(4) Cimetidine and ranitidine have
been associated with acute pancreatitis in several case-reports.(5-9) Although a relationship was found between cimetidine and acute pancreatitis in rats,(10) others have
questioned this.(11) A record-linkage case-control study showed a crude significant
association between cimetidine, ranitidine and acute pancreatitis, but this association
disappeared after adjustment for potential confounders.(12)
In view of the controversies regarding the association between acid-suppressing
drugs and acute pancreatitis, we conducted a retrospective cohort study in the General
Practice Research Database (GPRD) in the United Kingdom (UK) to assess the risk of
acute pancreatitis associated with the use of cimetidine, famotidine, nizatidine, ranitidine, lansoprazole, and omeprazole. A nested case-control analysis was conducted to
examine in more detail the relationship between dose and duration of treatment, and
the risk of acute pancreatitis.

METHODS
Setting
Over 4 million residents in the UK are registered with general practitioners (GPs) who
participate in the GPRD database. Medical data on these 4 million patients are continuously recorded and sent anonymously to the Office of National Statistics (ONS)
in order to be used for research projects. The computerized information contains
demographic data, general practitioner consultations, referrals to consultants and
hospitals, and all prescriptions issued. Indications for new courses of treatment are
routinely stored in the database. In addition, the GP may record laboratory test results
and other medical data in a free text comment field. A modification of the Oxford
Medical Information System (OXMIS) classification is used to code specific diagnoses.
Previous validation studies have found that over 90% of all referrals are recorded with
a code that reflects the specialist’s diagnosis. (13,14) Drugs are coded according to a
Acid-suppressing drugs
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drug dictionary based on data from the Prescription Pricing Authority.
Source population
The source population consisted of all patients aged 20 to 74 years registered with 337
general practitioner practices with a permanent registration status during the study
period January 1st 1992 and September 30th 1997.
Study Cohort
The study cohort comprised all patients who received at least one prescription for
cimetidine, famotidine, nizatidine, ranitidine, lansoprazole, or omeprazole during the
study period. We excluded all subjects with a history of acute pancreatitis or assessment of amylase before the date of the first prescription of a study drug. Patients with
a diagnosis of cancer, alcoholism, biliary- or pancreatic diseases, and biliary or pancreatic surgical procedures within five years before study entry were also removed from
the cohort. The remaining patients were followed from the date of the first prescription of one of the study drugs to the earliest of the following events: development of
acute pancreatitis, assessment of amylase, one of the above mentioned clinical exclusion criteria, death, or end of the study period.
Case ascertainment
With a computerized search we identified all study members who had a code for acute
pancreatitis or a code for assessment of amylase. Subsequently, the complete computerized patient profiles blinded to drug exposure were manually reviewed to exclude all
patients who were not referred to a specialist or hospital, all patients with a diagnosis
of cancer, alcoholism, cholelithiasis, postoperative pancreatitis, other pancreatic disorders, and all patients in whom the diagnosis of acute pancreatitis was clearly excluded.
Potential cases were those for whom the information in the patient profiles was compatible with idiopathic acute pancreatitis.
Case validation
We requested the medical records of all potential cases (n=88) from the GPs. Received
records were, independently and blinded to exposure, validated by all four authors.
Based on this information, we excluded all individuals who had any evidence of
alcohol abuse, cholelithiasis, chronic pancreatitis, malignant neoplasms, any other
well-defined condition associated with the development of acute pancreatitis, or if
symptoms of acute pancreatitis started before start of follow-up. Consensus was
DRUG-INDUCED ACUTE PANREATITIS: ANALYTICAL STUDIES
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reached on all cases. The diagnosis was accepted when acute pancreatitis was explicitly mentioned in the discharge letter or when there was a clinical picture compatible with acute pancreatitis together with one of the following criteria: an increase
in serum amylase or lipase of >2 times the upper limit of normal, confirmatory evidence of acute pancreatitis at imaging procedures or at laparotomy or autopsy.
Cohort analysis
Person-time contributed by the study participants was divided into three mutually
exclusive categories: current use, past use and non-use. Current use was defined as
the person time experienced during the length of an acid-suppressing drug prescription and six days thereafter. Past use included the period up to 365 days after the end
of current use. Consequently, the time window of non-use started at the end of past
use. Incidence rates were calculated by dividing the total number of cases of acute
pancreatitis by the corresponding total amount of person-time experienced. Ninetyfive percent confidence intervals (95% CIs) were calculated based on a Poisson distribution.
Adjusted estimates of relative risks and 95% CIs associated with current and past
use as compared to non-use were computed using a Poisson regression model with
age, sex, and calendar year included in the model.
Nested case-control analysis
In order to explore dose and duration effects we performed a nested case-control analysis within the study cohort. All confirmed cases were used in the nested case-control
analysis. The index date for the cases was the date of start of symptoms compatible
with acute pancreatitis (same index date as used in the cohort analysis). In order to
ascertain controls, a random date during the study period was generated for all study
participants. A subject was an eligible control when the random date was included in
his or her follow-up time. All exclusion criteria applied to the selection of the cases
were also applied to the controls. From the list of eligible controls, we randomly
selected 1000 controls and their random date was defined as the index date.
A participant was defined as a current user of one of the study drugs if the index
date fell within the prescription period or when the end date of the last prescription
fell within six days preceding the index date. A person was defined as a past user when
the end date of the last consecutive prescription period fell within seven to 371 days
before the index date. A person was defined as a non-user when none of the study
drugs were used in the 371 days preceding the index date. Estimates of the odds ratios
and their 95% CIs were calculated with logistic regression analyses comparing current
and past use with non-use of the individual acid-suppressing drugs. Age, sex, calendar
Acid-suppressing drugs
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year, and presence of other drugs associated with acute pancreatitis(3) (ACE-inhibitors, aminosalicylates, NSAIDs, estrogens, furosemide, thiazide diuretics, valproic acid,
and azathioprine) were included in the model to control for potential confounding.

RESULTS
The study cohort consisted of 180,178 subjects who received at least one prescription
of cimetidine, famotidine, nizatidine, ranitidine, lansoprazole, or omeprazole. Overall
1,545,921 prescriptions of these acid-suppressing drugs were written during the study
period. The age and gender distribution of users of individual acid-suppressing drugs
is presented in table 1. There were 88 patients who had a computerized history compatible with an idiopathic episode of acute pancreatitis and for whom medical records
were requested from the GPs. Of two patients, no information was received. Of the
remaining 86 patients, 36 (42%) were classified as cases. The remainder was excluded
because of alcohol abuse (n=11), cholelithiasis (n=10), and cancer, other pancreatic
disorders and postoperative pancreatitis in 11 patients. The diagnosis of acute pancreatitis was not confirmed in 11 patients. In the remaining 7 patients onset of symptoms
was before start of follow-up.
The overall incidence rate of idiopathic acute pancreatitis during current use of
acid-suppressing drugs was 9.9 (95% CI: 4.7-15.1) per 100,000 person years (PY), 7.6
(95% CI: 3.8-11.5) per 100,000 PY for past users, and 4.4 (95% CI: 1.1-7.6) per 100,000
PY for non-users. After adjustment for age, gender and calendar year the RR was 1.6
(95% CI: 0.6-4.2) for current use and 1.6 (95% CI: 0.6-4.0) for past use of an acid-suppressing drug. Incidence rates and RRs for individual acid-suppressing drugs are given
in table 2.
Table 3 shows the results of the nested case-control analysis. Out of the 36 cases,
20 (56%) were male and the mean age was 61 years. Use of acid-suppressing drugs,

Table 1
Age and gender distribution

Overall
Cimetidine
Famotidine
Lansoprazole
Nizatidine
Omeprazole
Ranitidine

Total*

Male

Female

20-59y

60-74y

1,545,921
382,767
16,797
54,554
49,079
439,104
603,62

52%
52%
52%
51%
51%
50%
53%

48%
48%
48%
49%
49%
50%
47%

51%
51%
50%
57%
51%
51%
49%

49%
49%
50%
43%
49%
49%
51%

* Number of prescriptions
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Table 2
Incidence rates of and relative risks of acute pancreatitis for individual acid-suppressing drugs

Non-users†
Current-use‡
cimetidine
famotidine
lansoprazole
nizatidine
omeprazole
ranitidine
Past use§
*
†
‡
§

Person-years

cases

IR/105

160430
141738
35966
1551
4567
4262
38430
56961
196356

7
14
5
0
0
0
3
6
15

4.4
9.9
13.9
7.8
10.5
7.6

Crude RR (95% CI)

RR (95% CI)*

2.3 (0.9-5.6)
3.2 (1.0-10.0)

1.6 (0.6-4.2)
2.3 (0.7-7.7)

1.8 (0.5-6.9)
2.4 (0.8-7.2)
1.8 (0.7-4.3)

1.3 (0.3-5.3)
1.7 (0.6-5.4)
1.6 (0.6-4.0)

Age, gender and calendar year were included in the Poisson regression model
No use of an acid-suppressing drug in the 371 days preceding the index date.
Use of an acid-suppressing drug on the index date or the 6 days preceding the index date.
Use of an acid-suppressing drug in days 7-371 before the index date.

Table 3
Relative risk of acute pancreatitis associated with use of acid-suppressing drugs and other factors
Cases (n=36)
Acid-suppressing drug
Non-use†
Current use‡
Cimetidine
Omeprazole
Ranitidine
Past users§
Age
20-59 years
60-74 years
Gender
Male
Female
Year category||
1992-1994
1995-1997
Pancreatoxic medication
Non-use
Current use

Controls (n=1000) OR (95% CI)

7
14
5
3
6
15

306
281
65
69
129
431

1.4
2.1
1.1
1.3
1.3

12
24

639
361

3.1 (1.5-6.4)

20
16

486
514

0.6 (0.3-1.2)

16
20

400
600

0.9 (0.5-1.8)

21
15

760
240

2.0 (1.0-4.2)

(0.5-3.6)
(0.6-7.2)*
(0.3-4.6)*
(0.4-4.1)*
(0.5-3.3)*

*Adjusted for age, gender, calendar year, and current use of other pancreatoxic medication.
† No use of an acid-suppressing drug in the 371 days preceding the index date.
‡ Use of an acid-suppressing drug on the index date or within the 6 days preceding the index date.
§ Use of an acid-suppressing drug in days 7-371 before the index date.
|| End of study in September 1997
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Table 4
Inﬂuence of duration of acid-suppressing drug therapy on the risk of acute pancreatitis
Cases (n=36)
Duration of anti-ulcer therapy†
≤ 30 days
> 30 days

Controls (n=1000)

OR (95% CI)*

3
11

47
234

2.3 (0.5-9.5)
1.1 (0.4-3.3)

Daily dose of cimetidine†, ‡
<800 mg
≥ 800 mg

2
3

22
41

2.2 (0.4-12.6)
1.7 (0.4-7.7)

Daily dose of ranitidine†, §
<300 mg
≥ 300 mg

2
4

26
100

1.9 (0.3-10.3)
1.1 (0.3-4.2)

*Adjusted for age, gender, calendar year, and current use of other pancreatoxic medication.
† Current use compared to non-use
‡ Data on daily dose of cimetidine was not available for 2 controls
§ Data on daily dose of ranitidine was not available for 3 controls

gender and calendar year were not significantly associated with acute pancreatitis.
The RR among current users of medications suspected to be associated with acute
pancreatitis was 2.0 (95% CI: 1.0-4.2). Age was the only factor that was significantly
associated with the occurrence of acute pancreatitis. Although not significant, the risk
of acute pancreatitis was higher in the first month of acid-suppressing therapy: 2.3
(95% CI: 0.5-9.5) versus 1.1 (95% CI: 0.4-3.3) for long-term users. Exclusion of all current users of medications formerly associated with acute pancreatitis did not change
the risk estimates considerably (data not shown). A dose-response relationship was
not observed in users of cimetidine or ranitidine (table 4).

DISCUSSION
In this large cohort study, we observed no major increased risk of acute pancreatitis
in users of acid-suppressing drugs. Cimetidine was the only acid-suppressing drug
with a small increased risk of acute pancreatitis, but this association was no longer
present after adjustment for potential confounders. There was a tendency towards an
increased risk in the first month of treatment. The daily dosage of acid-suppressing
drugs had no effect on the risk of acute pancreatitis.
The validity of epidemiological studies may suffer from selection bias, information bias or confounding. The presence of selection bias in this study is unlikely as
identification of the study population was based on prerecorded prescriptions of acidsuppressing drugs, and therefore unrelated to the outcome of interest. Since drug
exposure was recorded before the onset of disease, recall bias is not present. Case
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histories concerning the relationship between H2-blockers and acute pancreatitis
have been published since the late seventies, some of them proven by recurrence of
symptoms after restart of treatment.(6,9) Physicians may therefore diagnose acute
pancreatitis more easily in patients using these H2-receptor blockers. This diagnostic bias might therefore explain the non-significant increase in RR of cimetidine and
ranitidine seen in this study. Patients with gastric acid related diseases will pay more
visits to gastroenterological consultants and may therefore have acute pancreatitis
more easily detected. However, as none of the acute pancreatitis diagnoses was made
during routine check-ups of anti-ulcer treatment we expect diagnostic bias to play a
minor role if any in explaining the results. Misclassification of outcome was limited
due to review of the medical records of potential cases. Misclassification of exposure,
for instance by non-compliance or dispensing of acid-suppressing drugs in hospital
was probably non-differential and would therefore have biased the risk estimates
towards null.
By restricting the study to people without major risk factors for acute pancreatitis
we tried to control for confounding by these factors.
A recent study on the association between H2-receptor antagonists and acute pancreatitis reported a non-significant RR of 3.7 for cimetidine and a non-significant RR of
3.1 for ranitidine.(12) In patients without risk factors for acute pancreatitis these figures were 2.0 and 2.5 respectively. The authors concluded that the higher RRs might
be due to residual confounding. Prescribing of acid-suppressing drugs for prodromal
symptoms of acute pancreatitis, sometimes referred to as protopathic bias could be
an alternative explanation for the small increased risk seen in the former study and
in our study. We tried to reduce the play of protopathic bias by taking the day of onset
symptoms as index date for patients with acute pancreatitis. The risk in the first 30
days of therapy was somewhat higher than the risk thereafter, albeit non-significantly.
This could indicate either an acute effect or imperfect control of protopathic bias.
However, protopathic bias cannot explain the different risk estimates for the different
acid-suppressing drugs as this form of selection bias would affect all acid-suppressing
drugs alike.
In conclusion, the results of this study do not suggest a major increased risk for
acute pancreatitis associated with the use of acid-suppressing drugs.
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Angiotensin-converting enzyme inhibitors increase the risk of acute pancreatitis: The European case-control study on drug-induced acute pancreatitis
(EDIP)
Introduction: Angiotensin-converting enzyme (ACE) inhibitors have been associated with
acute pancreatitis in several case-reports. We quantified the risk of acute pancreatitis associated with the use of ACE-inhibitors in the European study on drug-induced acute pancreatitis (EDIP).
Methods: The EDIP study is a multi-centre population-based European case-control study
on the association between drug use and acute pancreatitis. Patients between 40 and 85
years of age with acute pancreatitis were included between October 1st 1994 and December 31st 1998. For each case, age- and gender-matched community controls were recruited.
Detailed information on drug use and potential confounders (e.g. co-morbidity, alcohol use)
was obtained through a structured interview.
Results: During the study period, we identified and interviewed 724 patients with acute
pancreatitis and 1791 community controls. A high number of previous hospitalisations,
smoking, high intake of alcohol, a history of biliary disease, hyperlipidemia, peptic ulcer disease, pancreatic disease, ischemic heart disease, hypertension, and congestive heart failure
were positively associated with development of acute pancreatitis. Relative to non-use, use
of ACE-inhibitors in the week prior to the index date increased the risk of acute pancreatitis
by 60% (95% CI: 1.1-2.3). The risk of acute pancreatitis associated with ACE-inhibitor use
increased with higher daily doses and was most pronounced in patients who did not have
biliary diseases; relative risk 2.7 (95% CI: 1.3-5.8)
Interpretation: Use of ACE-inhibitors is associated with a modest increase in risk of acute
pancreatitis, but this risk seems substantially higher in patients without biliary diseases.
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INTRODUCTION
Acute pancreatitis is an inflammatory disease of the pancreas which may lead to
considerable morbidity and mortality. The incidence of acute pancreatitis shows an
increasing trend in European countries.(1,2) The most important risk factors for acute
pancreatitis are gallstones and alcohol abuse. Other risk factors include hyperlipidemia, hypercalcemia, and endoscopic retrograde cholangiopancreaticography (ERCP).
The etiology remains unknown in 10 to 25% of patients with acute pancreatitis.(3)
Drugs have since long been implicated as a potential cause of acute pancreatitis.(4) Most information on drug-induced acute pancreatitis is derived from anecdotal
case-reports and little is known about the incidence and mechanisms of drug-induced
acute pancreatitis.(5)
Angiotensin-converting enzyme (ACE) inhibitors are extensively used in the treatment of hypertension, congestive heart failure, and diabetic nephropathy.(6) Acute
pancreatitis attributed to ACE-inhibitors has been described in case-reports,(7-26)
some with recurrence of pancreatitis after rechallenge. (7-9) However, quantitative
information on the association between ACE-inhibitors and acute pancreatitis is not
available. Therefore, we studied the risk of acute pancreatitis associated with use of
ACE-inhibitors in the European study on drug-induced acute pancreatitis (EDIP).

METHODS
Setting
This study is part of the European case-control study on drug-induced acute pancreatitis (EDIP) which was initiated by the European Pharmacovigilance Research Group.
Participating countries include Denmark, Italy, the Netherlands, Portugal, Sweden,
and the United Kingdom. The source population comprised all persons between 40 to
85 years of age in the county of Funen in Denmark, the Rijnmond area in the Netherlands, the Coimbra area in Portugal, the cities Malmö, Stockholm, Uppsala, and
Umeå in Sweden, the cities Bologna, Bolzano, Milano, and Verona in Italy, and Birmingham city in the United Kingdom. For the present study only data from Denmark,
the Netherlands, Italy, and Sweden was used because of absence of data on community controls in the other countries. The study period ran from October 1st 1994 to
December 31st 1998, but differed in the participating countries. Local medical ethical
committees approved the study, and written informed consent was obtained from all
participants.
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Case identification and validation
In the Netherlands, Sweden, and Denmark potential cases were identified by regular
screening of serum amylase and lipase values of admitted patients in the participating hospitals. In Italy, the departments of internal medicine, gastroenterology, and
surgery were regularly screened for patients admitted with acute abdominal pain.
Patients were considered potential cases of acute pancreatitis if they had acute abdominal pain combined with elevated serum amylase and lipase values of more than 2
times the upper limit of normal within the first week of admission, or if they had
acute abdominal pain with confirmatory evidence of acute pancreatitis on ultrasonography, computerized tomography, laparotomy, or autopsy. Patients with post-ERCP
pancreatitis, abdominal trauma, a perforated gastrointestinal ulcer, malignancy of the
gastrointestinal tract, a positive HIV test, or chronic pancreatitis were excluded. Additionally, patients were excluded if they were resident in a nursing home, did not speak
the native language, died before study assessments were completed, or if no reliable
interview data could be obtained (e.g. due to dementia). Since Sweden combined the
EDIP study with a national study, their exclusion criteria were slightly different in the
cities Stockholm and Umeå. In these cities, patients with a history of biliary diseases
and patients with a relapse of acute pancreatitis were excluded. Acute pancreatitis
was considered of biliary origin if gallstones were present at imaging procedures or at
laparotomy.
The clinical notes of all eligible cases were reviewed by consultant gastroenterologists who were blinded to drug exposure. The index date for the cases was defined as
the date of first recorded symptoms.
Control selection
In Sweden, Denmark, and Italy community controls were randomly selected from
population registries. Community controls were randomly selected from the general
practitioner’s practice of the case in the Netherlands. Controls were matched to cases
on gender and age (± 5 years). The index date of the controls was defined as the date
of interview. Exclusion criteria for controls were equal to exclusion criteria for cases.
Data collection
Each country used similar structured questionnaires and coding manuals (International Classification of Diseases, 9th edition and the Drug Dictionary of the World
Health Organization). Interviewers were centrally trained and supervised. The questionnaire included questions on demographics, life-long medical history, smoking
and drinking habits, plus drug intake in the preceding six months. In order to reduce
DRUG-INDUCED ACUTE PANCREATITIS: ANALYTICAL STUDIES
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recall bias, participants were asked to retrieve all packages of drugs that they had
used before start of the interview. For each drug, the indication, strength, formulation,
dosing regimen, start and stop dates were recorded.
Exposure
Use of ACE-inhibitors was defined as use of benazepril, captopril, cilazepril, enalapril,
fosinopril, lisinopril, perindopril, quinapril, or ramipril within one week before the
index date. The dose of ACE inhibitor use was expressed in defined daily dosages
(DDD), in which one DDD was the recommended dose for the main indication in
adults.(27) For ACE-inhibitors the values corresponding to one DDD are: benazepril
7.5 mg, captopril 50 mg, cilazepril 2.5 mg, enalapril 10 mg, fosinopril 15 mg, lisinopril
10 mg, perindopril 4 mg, quinapril 15 mg, and ramipril 2.5 mg. The daily dosage of
ACE-inhibitors was classified as low (< 1DDD), moderate (1-2 DDD), and high (>2
DDD). To study potential recall bias, we verified ACE-inhibitor use at the community
pharmacy of the participants in the Netherlands.
Covariates
As potential confounders we considered smoking, alcohol use, and co-morbidity.
Smoking was expressed as the number of cigarettes smoked per day: 0, 1-10, 11-20,
and more than 21. Alcohol use was expressed as the average intake of per day: 1 unit,
2-4 units, 5-7 units, and 8 or more units. Weight categories were created on the basis
of body mass index (BMI): underweight (<18.5), normal (≥18.5 – <25), overweight
(≥25 – <30), and obese (≥ 30).(28) Working status was divided into employed, ill,
unemployed, student or military service, and other.
Analyses
Maximum likelihood estimates of odds ratios (ORs) and their 95% confidence intervals
(CIs) were computed using a conditional logistic regression model. In the multivariate
analysis risk estimates for use of ACE-inhibitors were adjusted for alcohol use, smoking, BMI, history of pancreatic disease, history of biliary disease, history of diabetes
mellitus, history of hypertension, heart failure, and and use of other antihypertensive
medication (angiotensin II receptor blockers, calcium channel blockers, β-blockers,
diuretics). We performed additional analyses restricted to patients with a first attack of
acute pancreatitis and patients with non-biliary acute pancreatitis. All analyses were
performed in SPSS 8.0 for Windows.
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Table 1
Patient characteristics
Cases (n=724)
Country

Denmark
Italy
Netherlands
Sweden

Male
Age (years)
BMI

No. Hosp.*

Smoking†

Alcohol use‡

<18.5
≥18.5 - <25
≥25 - <30
≥30
Unknown
0
1
2
3
4
≥5
Unknown
0
1-10
11-20
≥21
Unknown
0
1-7
8-28
29-49
≥50
Unknown

ADR§
Knowledge on ADR¶
Gall tract diseases ≤ 1 yr.
2-5 yr.
>5 yr.
Hyperlipidemia§
Ulcus pepticum§
Renal failure§
Inﬂammatory bowel disease§
Pancreas diseases§
Hypertension§
Ischemic heart disease§
Congestive heart failure§
Diabetes mellitus§
Vitamin C**

69
120
112
423
422
62.7 (SD 11.7)
25.7 (SD 4.1)
10
328
288
90
8
78
148
139
97
80
181
1
509
67
116
29
3
152
321
181
24
40
6
199
33
34
18
75
49
92
8
9
52
229
98
21
70
44

Community controls (n=1791) ORunadjusted
155
151
112
1373
930
60.6 (SD 11.9)
25.2 (SD 3.7)
25
895
663
185
23
250
387
337
270
195
349
3
1343
197
196
37
18
276
927
526
43
6
13
539
196
8
12
179
70
114
9
14
9
432
136
21
77
130

1.2 (0.6-2.7)
ref.
1.1 (0.9-1.4)
1.3 (0.9-1.7)
ref.
1.3
1.3
1.2
1.4
1.7

(0.9-1.8)
(0.9-1.8)
(0.8-1.7)
(0.9-2.0)
(1.3-2.4)

ref.
0.9 (0.7-1.3)
1.7 (1.3-2.2)
2.0 (1.1-3.4)
1.3 (0.97-1.6)
ref.
0.8 (0.7-1.1)
1.2 (0.7-2.1)
15.3 (5.9-39.9)
1.1 (0.9-1.3)
0.4 (0.3-0.6)
11.7 (5.3-25.8)
3.5 (1.6-7.8)
1.2 (0.9-1.6)
1.7 (1.2-2.5)
2.0 (1.5-2.8)
1.9 (0.7-5.2)
2.2 (0.9-5.1)
13.8 (6.4-29.2)
1.3 (1.1-1.6)
1.8 (1.4-2.4)
2.3 (1.2-4.3)
2.1 (1.5-3.0)
0.9 (0.6-1.3)

OR=odds ratio, SD=standard deviation, BMI=body mass index, ADR=adverse drug reaction, * Number of hospitalisations in entire life, † number of cigarettes smoker per day, ‡ Units of alcohol per week, § Ever history of,
¶ Knowledge that drugs may cause acute pancreatitis, ** use in the week before the index date.
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RESULTS
During the study period 823 cases met our inclusion criteria. After the expert review,
80 cases were excluded as the diagnosis acute pancreatitis could not be substantiated.
Furthermore, 19 cases did not have a matched community control and were therefore
excluded from the analyses. Among the final 724 cases, 658 (91%) were admitted for a
first attack of acute pancreatitis. Three hundred (41%) patients had evidence of gallstones and 88 (12%) patients had a history of alcohol abuse or used 5 units of alcohol
or more per day. A total of 1791 community controls were matched to the final 724
cases. Data on dispensed prescriptions of ACE-inhibitors at community pharmacies
showed that data on ACE-inhibitor use was complete in the Netherlands.
A high number of hospitalisations, smoking, high intake of alcohol, and a history
of biliary disease, hyperlipidemia, peptic ulcer disease, pancreatic disease, diabetes
mellitus, ischemic heart disease, and congestive heart failure were all positively associated with development of acute pancreatitis (table 1).
A higher proportion of patients with acute pancreatitis reported use of ACE-inhibitors than controls (table 2). Use of an ACE-inhibitor increased the risk of acute pancreatitis by 60% (95% CI; 1.1-2.3). Although the relative risk estimates varied slightly
between individual ACE inhibitors, the confidence intervals overlapped. Additional
adjustment for year of ascertainment had no considerable effect on the risk estimate. The risk of acute pancreatitis was higher during the first 6 months of therapy
than during prolonged use (table 2). We observed a positive dose-effect relationship
between daily dose of ACE inhibitors and acute pancreatitis (table 2). The risk of acute
pancreatitis associated with the use of ACE-inhibitors was higher in patients without
biliary diseases: 2.7 (95% CI: 1.3-5.8). Restriction of the analyses to patients with a

Table 2
Association between use of ACE-inhibitors and acute pancreatitis
Cases
(n=724)
ACE-inhibitors*

Community controls
(n=1791)

83

117

Daily dose

< 1DDD
1-2 DDD
> 2 DDD
Unknown

20
55
7
1

34
77
4
2

Duration of use

≤ 6 months
> 6 months

17
66

15
102

ORadjusted†
1.6 (1.1-2.3)
1.2 (0.6-2.3)
1.8 (1.1-2.8)
3.5 (0.8-14.9)

3.3 (1.4-7.6)
1.4 (0.9-2.1)

ACE-inhibitor=angiotensin-converting enzyme inhibitor, DDD=deﬁned daily dosage, *use in the week before the
index date, † adjusted for other antihypertensive medication, alcohol use, smoking, bmi, history of pancreatic disease, history of biliary disease, history of diabetes mellitus, history of hypertension, history of heart failure.
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Table 3
Association between use of other antihypertensive medication and acute pancreatitis
Antihypertensive medication*
AT-II-blockers
CCB
K+-sparing diuretics
Loop diuretics
Thiazide diuretics
β-blockers

Cases
(n=724)

Community controls
(n=1791)

8
95
41
47
44
96

22
141
70
94
91
183

ORadjusted†
0.9
1.5
1.7
0.6
0.7
1.3

(0.4-2.1)
(1.1-2.2)
(1.0-2.9)
(0.4-0.95)
(0.4-1.2)
(0.96-1.8)

AT-II=angiotensine II receptor blockers, CCB=calcium channel blockers, K+ = potassium, *use in the week before
the index date, † adjusted for other antihypertensive medication, alcohol use, smoking, bmi, history of pancreatic,
history of biliary disease, history of diabetes mellitus, history of hypertension, history of heart failure.

first attack of acute pancreatitis did not change the results considerably. Among the
antihypertensive drugs, use of calcium channel blockers and use of potassium sparing
diuretics was also significantly associated with acute pancreatitis. Concomitant use
of other antihypertensive medication did not increase the risk of acute pancreatitis
significantly (table 3).

DISCUSSION
In this multinational study we demonstrated that use of ACE-inhibitors increased the
risk of acute pancreatitis by approximately 60%. The risk of acute pancreatitis was
highest among new users of ACE-inhibitors and at higher daily dosages. The risk of
acute pancreatitis rose considerably when the analyses were restricted to patients
without biliary disease, probably because the background rate of acute pancreatitis in
this subpopulation is much lower.
ACE-inhibitors have been associated with acute pancreatitis since 1988. Over the
years, enalapril, lisinopril, captopril, perindopril, quinapril, and benazepril have all
been incriminated as a potential cause of acute pancreatitis.(7-26) Time between
start of therapy with ACE-inhibitors and development of symptoms varied greatly in
these case-reports from almost immediately to two years. Three patients experienced
a relapse after restart of captopril, enalapril, and perindopril respectively.(7-9) Interestingly, one patient with losartan-associated acute pancreatitis had experienced an
earlier episode of acute pancreatitis 5 days after starting enalapril treatment.(29) To
our knowledge the association between ACE-inhibitors and pancreatitis has not been
studied before in epidemiological studies.
As with all other causes of acute pancreatitis, the mechanism by which ACE-inhibiDRUG-INDUCED ACUTE PANCREATITIS: ANALYTICAL STUDIES
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tors cause acute pancreatitis remains speculative. Pancreatic duct obstruction by
local angioedema has been proposed as a possible mechanism.(12) Others argue that
ACE-inhibitors may have a direct toxic effect on pancreatic cells as ACE-inhibitors can
induce hypoglycemia.(22) Because captopril is structurally dissimilar to enalapril and
lisinopril, an allergic reaction seems less likely. Apart from converting angiotensin I
to angiotensin II, ACE also degrades both bradykinin and substance P.(30) Although
probably not involved in the initiation of acute pancreatitis, kinins are involved in
the formation of pancreatic edema. (31) In experimental models, kinin B2 receptor
antagonists reduce edema formation in the pancreas.(31) Substance P is released from
nerve endings and acts via NK1 receptors. Pancreatic substance P levels and NK1
receptors are upregulated during acute pancreatitis.(32) Knockout mice deficient in
NK1 receptors are protected against pancreatitis. In contrast, knockout mice deficient
in an enzyme that hydrolyses substance P are more susceptible to experimental acute
pancreatitis.(32) Increased pancreatic kinin and substance P levels may therefore contribute to the development of acute pancreatitis.
Apart from ACE-inhibitors, calcium channel blockers were associated with an
elevated risk of acute pancreatitis. To our knowledge acute pancreatitis attributed to
calcium channel blockers is only mentioned in a survey from a spontaneous reporting center.(33) Recent evidence showed that elevated intracellular calcium levels are
important in the premature activation of trypsinogen.(34) This would plea against
an association between calcium channel blockers and acute pancreatitis. Indeed one
experimental study in animals found a protective effect of verapamil on the development of caerulein-induced acute pancreatitis.(35) We could not substantiate earlier
findings on loop and thiazide diuretic-associated acute pancreatitis.(36,37) However,
these early studies on drug-induced acute pancreatitis did not control for important
confounding factors such as alcohol abuse.
A potential limitation of observational studies is their vulnerability to selection bias,
information bias, and confounding. Selective case inclusion is unlikely because of the
standardized and objective screening criteria and the population-based character of
the study. Although mild cases may have been missed, symptomatic cases of acute
pancreatitis are mostly recognized and admitted irrespective of the suspected etiology,
hence selection bias is unlikely. Diagnostic bias due to diagnosing acute pancreatitis
more easily in patients who use ACE-inhibitors is not likely due to the acute nature of
the disease, the screening procedures that we used, and due to the widespread belief
that drugs have a low attributable risk for acute pancreatitis. In addition, all cases were
validated by experts who were blinded to exposure.
Information bias regarding exposure is a particular problem in case-control studies
as cases might recall drug use more accurately than controls due to their recent illness. However, verification at community pharmacies in the Netherland showed that
data on ACE-inhibitor use was complete for cases and controls. In addition, we studied
ACE-inhibitors
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the influence of recall bias by including a question on use of vitamin C (not known to
be associated with acute pancreatitis) and by asking whether participants knew that
drugs may cause acute pancreatitis. Vitamin C was not associated with development
of acute pancreatitis and slightly more controls than cases knew that drugs may be a
possible cause of acute pancreatitis. These findings suggest that recall bias did not a
play a major role in our study.
In pharmaco-epidemiological studies, confounding by indication may be a potential problem. We adjusted for the major indications of ACE-inhibitors, namely diabetes
mellitus, hypertension, and heart failure. In addition, angiotensine II receptor blockers are prescribed for similar indications, but they appeared not to be associated with
an elevated risk of acute pancreatitis.
All our analyses were adjusted for smoking, alcohol abuse, body mass index, a
history of biliary diseases, a history of diabetes, a history of pancreatic diseases, and
use of other antihypertensive medication. We had no information on the presence of
gallstones in controls at the time of interview. Therefore we adjusted for a history of
biliary diseases which was strongly associated with an increased risk of acute pancreatitis.
In conclusion, ACE-inhibitors are associated with a small but significantly increased
risk of acute pancreatitis. ACE-inhibitors should be considered as a possible cause in
patients with acute pancreatitis.
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The risk of acute pancreatitis associated with psychotropic drugs:
The European case-control study on drug-induced acute pancreatitis (EDIP)
Introduction: Antidepressant drugs and antipsychotic agents have been associated with
acute pancreatitis in several case-reports. We quantified the risk of acute pancreatitis associated with the use of psychotropic medication in the European study on drug-induced acute
pancreatitis (EDIP)
Methods: The EDIP study is a multi-centre population-based European case-control study
on the association between drug use and acute pancreatitis. Patients between 40 and 85
years of age with acute pancreatitis were included between October 1st 1994 and December 31st 1998. For each case, age- and gender-matched community controls were recruited.
Detailed information on drug use and potential confounders (e.g. co-morbidity, alcohol use)
was obtained through a structured interview.
Results: During the study period, we identified and interviewed 724 patients with acute
pancreatitis and 1791 community controls. A high number of previous hospitalisations,
smoking, high intake of alcohol, a history of biliary disease, hyperlipidemia, peptic ulcer
disease, and pancreatic disease were positively associated with development of acute pancreatitis. Use of TCAs, SSRIs, and benzodiazepines was not associated with an increased
risk of acute pancreatitis. However, use of antipsychotic drugs in the week before the index
date increased the risk of acute pancreatitis three fold (95% CI: 1.5-6.0). The risk of acute
pancreatitis associated with antipsychotics was largely confined to patients aged 60 years
and over: OR 4.1 (1.7-9.9).
Conclusion: Use of antipsychotic agents is associated with an increased risk of acute pancreatitis.
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INTRODUCTION
Acute pancreatitis is an inflammatory disease of the pancreas which may lead to
considerable morbidity and mortality. The incidence of acute pancreatitis shows an
increasing trend in European countries.(1,2) The most important risk factors for acute
pancreatitis are gallstones and alcohol abuse. Other risk factors include hyperlipidemia, hypercalcemia, and endoscopic retrograde cholangiopancreaticography (ERCP).
The aetiology remains unknown in 10 to 25% of patients with acute pancreatitis.(3)
Drugs have since long been implicated as a potential cause of acute pancreatitis.(4) Most information on drug-induced acute pancreatitis is derived from anecdotal
case-reports and little is known about the incidence and mechanisms of drug-induced
acute pancreatitis.(5) Acute pancreatitis attributed to benzodiazepines has not been
described, but acute pancreatitis has been associated with tricyclic antidepressants
(TCA), (6-10) selective serotonin reuptake inhibitors (SSRI),(11) and antipsychotic
agents (12-21) in several case-reports. Associations between psychotropic drug use
and acute pancreatitis have not been studied in large populations. We studied the risk
of acute pancreatitis associated with use of TCAs, SSRIs, benzodiazepines, and antipsychotics in the European study on drug-induced acute pancreatitis (EDIP).

METHODS
Setting
This study is part of the European case-control study on drug-induced acute pancreatitis (EDIP) which was initiated by the European Pharmacovigilance Research Group.
Participating countries include Denmark, Italy, the Netherlands, Portugal, Sweden,
and the United Kingdom. The source population comprised all persons 40 to 85 years
of age in the county of Funen in Denmark, the Rijnmond area in the Netherlands,
the Coimbra area in Portugal, the cities Malmö, Stockholm, Uppsala, and Umeå in
Sweden, the cities Bologna, Bolzano, Milano, and Verona in Italy, and Birmingham
city in the United Kingdom. For the present study only data from Denmark, the
Netherlands, Italy, and Sweden was used because of absence of data on community
controls in the other countries. The total study period ran from October 1st 1994 to
December 31st 1998, but differed in the participating countries. Local medical ethical
committees approved the study, and written informed consent was obtained from all
participants.
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Case identification and validation
In the Netherlands, Sweden, and Denmark potential cases were identified by regular
screening of serum amylase and lipase values of admitted patients in the participating hospitals. In Italy, the departments of internal medicine, gastroenterology, and
surgery were regularly screened for patients admitted with acute abdominal pain.
Patients were considered potential cases of acute pancreatitis if they had acute abdominal pain combined with elevated serum amylase and lipase values of more than 2
times the upper limit of normal within the first week of admission, or if they had
acute abdominal pain with confirmatory evidence of acute pancreatitis on ultrasonography, computerised tomography, laparotomy, or autopsy. Patients with post-ERCP
pancreatitis, abdominal trauma, a perforated gastrointestinal ulcer, malignancy of the
gastrointestinal tract, a positive HIV test, or chronic pancreatitis were excluded. Additionally, patients were excluded if they were resident in a nursing home, did not speak
the native language, died before the interview was conducted, or if no reliable drug
history could be obtained. Since Sweden combined the EDIP study with a national
study their exclusion criteria were slightly different in the cities Stockholm and Umeå.
In these cities, patients with a history of biliary diseases and patients with a relapse
of acute pancreatitis were also excluded. Acute pancreatitis was considered of biliary
origin if gallstones were present at imaging procedures or at laparotomy.
The clinical notes of all eligible cases were reviewed by consultant gastroenterologists who were blinded to drug exposure. The index date for the cases was defined as
the date of first recorded symptoms.
Control selection
In Sweden, Denmark, and Italy community controls were randomly selected from
population registries. Community controls were randomly selected from the general
practitioner’s practice of the case in the Netherlands. Controls were matched to cases
on gender and age (± 5 years). The index date of the controls was defined as the date
of interview. Exclusion criteria for controls were equal to exclusion criteria for cases.
Data collection
Each country used similar structured questionnaire and coding manuals (International Classification of Diseases, 9th edition and the Drug Dictionary of the World
Health Organization). Interviewers were centrally trained and supervised. The questionnaire included questions on demographics, life-long medical history, smoking
and drinking habits, plus drug intake in the preceding six months. In order to reduce
recall bias, participants were asked to retrieve all packages of drugs that they had
DRUG-INDUCED ACUTE PANCREATITIS: ANALYTICAL STUDIES
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used before start of the interview. For each drug, the indication, strength, formulation,
dosing regimen, plus start and end of therapy were recorded.
Exposure
Use of TCAs, SSRIs, benzodiazepines, or antipsychotic drugs was defined as use within
one week before the index date. To study potential recall bias, we verified use of psychotropic drugs at the community pharmacy of the participants in the Netherlands.
Covariates
As potential confounders we considered smoking, alcohol use, and co-morbidity.
Smoking was expressed as the number of cigarettes smoked per day: 0, 1-10, 11-20,
and more than 21. Alcohol use was expressed as the average intake of per day: 1 unit,
2-4 units, 5-7 units, and 8 or more units.Weight categories were created on the basis
of body mass index (BMI): underweight (<18.5), normal (≥18.5 – <25), overweight
(≥25 – <30), and obese (≥ 30).(22) Working status was divided into employed, ill,
unemployed, student or military service, and other.
Analyses
Maximum likelihood estimates of odds ratios (ORs) and their 95% confidence intervals (CIs) were computed using a conditional logistic regression model. In the multivariate analysis risk estimates for use of psychotropic drugs were adjusted for alcohol
use, smoking, history of pancreatic disease, history of biliary disease, and history of
diabetes mellitus, We performed additional analyses restricted to patients with a first
attack of acute pancreatitis and patients with non-biliary acute pancreatitis. All analyses were performed in SPSS 8.0 for Windows.

RESULTS
During the study period 823 cases met our inclusion criteria. After the expert review,
80 eligible cases were excluded as the diagnosis acute pancreatitis could not be substantiated. Furthermore, 19 cases did not have a matched community control and
were therefore excluded from the analyses. Among the final 724 cases, 658 (91%) were
admitted for a first attack of acute pancreatitis. Three hundred patients had evidence
of gallstones and 88 patients had a history of alcohol abuse or used 5 units or more per
day. A total of 1791 community controls were matched to the final 724 cases.
A high number of previous hospitalisations, smoking, high intake of alcohol, a hisPsychotropic drugs
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Table 1
Patient characteristics
Cases (n=724)
Country

Denmark
Italy
Netherlands
Sweden

Male
Age (years)
BMI

No. Hosp.*

Smoking†

Alcohol use‡

<18.5
≥18.5 - <25
≥25 - <30
≥30
Unknown
0
1
2
3
4
≥5
Unknown
0
1-10
11-20
≥21
Unknown
0
1-7
8-28
29-49
≥50
Unknown

ADR§
Knowledge on ADR¶
Gall tract diseases ≤ 1 yr.
2-5 yr.
>5 yr.
Hyperlipidemia§
Ulcus pepticum§
Renal failure§
Inﬂammatory bowel disease§
Pancreas diseases§
Diabetes mellitus§
Psychosis§
Depression§
Vitamin C**

69
120
112
423
422
62.7 (SD 11.7)
25.7 (SD 4.1)
10
328
288
90
8
78
148
139
97
80
181
1
509
67
116
29
3
152
321
181
24
40
6
199
33
34
18
75
49
92
8
9
52
70
2
74
44

Community controls (n=1791) ORunadjusted
155
151
112
1373
930
60.6 (SD 11.9)
25.2 (SD 3.7)
25
895
663
185
23
250
387
337
270
195
349
3
1343
197
196
37
18
276
927
526
43
6
13
539
196
8
12
179
70
114
9
14
9
77
5
152
130

1.2 (0.6-2.7)
ref.
1.1 (0.9-1.4)
1.3 (0.9-1.7)
ref.
1.3
1.3
1.2
1.4
1.7

(0.9-1.8)
(0.9-1.8)
(0.8-1.7)
(0.9-2.0)
(1.3-2.4)

ref.
0.9 (0.7-1.3)
1.7 (1.3-2.2)
2.0 (1.1-3.4)
1.3 (0.97-1.6)
ref.
0.8 (0.7-1.1)
1.2 (0.7-2.1)
15.3 (5.9-39.9)
1.1 (0.9-1.3)
0.4 (0.3-0.6)
11.7 (5.3-25.8)
3.5 (1.6-7.8)
1.2 (0.9-1.6)
1.7 (1.2-2.5)
2.0 (1.5-2.8)
1.9 (0.7-5.2)
2.2 (0.9-5.1)
13.8 (6.4-29.2)
2.1 (1.5-3.0)
1.1 (0.2-5.7)
1.3 (0.98-1.8)
0.9 (0.6-1.3)

OR=odds ratio, SD=standard deviation, BMI=body mass index, ADR=adverse drug reaction, * Number of hospitalisations in entire life, † number of cigarettes smoker per day, ‡ Units of alcohol per week, § Ever history of,
¶ Knowledge that drugs may cause acute pancreatitis, ** use in the week before the index date.
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Table 2
Association between use of TCAs, SSRIs, benzodiazepines, antipsychotics and acute pancreatitis.
Cases
(n=724)

Drug*
TCA
SSRI
Benzodiazepines
Antipsychotics
Age 40-59 years
60-85 years

Community controls
(n=1791)

12
19
68
20

18
28
104
20

6
14

10
10

ORadjusted†
1.7
1.7
1.3
3.0

(0.8-4.0)
(0.9-3.3)
(0.9-1.9)
(1.5-6.0)

1.3 (0.4-4.6)
4.1 (1.7-9.9)

TCA=tricyclic antidepressant, SSRI=selective serotonine reuptake inhibitor, *use in the week before the index
date, † adjusted for alcohol use, smoking, history of pancreatic, history of biliary disease, history of diabetes mellitus

tory of biliary disease, hyperlipidemia, peptic ulcer disease, diabetes mellitus, and
pancreatic disease were all positively associated with development of acute pancreatitis (table 1).
Use of TCAs, SSRIs, and benzodiazepines all showed a modest, non-significantly
increased risk of acute pancreatitis (table 2). Short- and long acting benzodiazepines
had similar risk estimates for acute pancreatitis. Use of antipsychotic drugs in the
week prior to the index date showed an increased relative risk of 3.0 (95% CI: 1.5-6.0).
The risk of acute pancreatitis associated with antipsychotics was largely confined to
elderly patients (table 2). It was not possible to assess the risk of atypical antipsychotics separately as only three cases and no controls used an atypical antipsychotic. Data
on dispensed prescriptions of antipsychotics showed that reported data on antipsychotics was complete in the Netherlands for both cases and controls. The numbers
were too low to assess dose- and duration responses. Restriction of the analysis to
patients with a first attack of acute pancreatitis did not change the results.

DISCUSSION
In this multinational study on drug-induced acute pancreatitis, we demonstrated that
use of antipsychotics was associated with an increased risk of acute pancreatitis and
that this risk was largely confined to elderly patients.
Several case-reports have suggested a causal relationship between use of the
antidepressants and acute pancreatitis. Both TCAs(6-10) and SSRIs(11) have been
incriminated. Clomipramine-, imipramine-, amoxapine-, and maprotiline-induced
acute pancreatitis is briefly mentioned in two surveys from spontaneous reporting
centres.(9,10) Two reports mention acute pancreatitis after deliberate overdoses of
amoxapine and clomipramine.(7,8) However, both patients used other drugs conPsychotropic drugs
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comitantly and both had other conditions that might explain elevated enzyme levels.
None of the patients were rechallenged with the suspected antidepressant. Reports
on antipsychotic-associated acute pancreatitis concerned the atypical agents clozapine, olanzapine, and risperidone.(12-21). Two patients had a return of abdominal pain
on restarting clozapine, but serum amylase was not measured in one patient and the
other had concomitant cholelithiasis.(15,23) As our study ended in 1998, only three
cases and none of the controls used an atypical antipsychotic, hence it was not possible to estimate risks for typical and atypical antipsychotics separately.
The mechanism by which antipsychotic drugs may cause acute pancreatitis is
unknown. Drugs may cause acute pancreatitis by an allergic reaction. However, rash
was not reported in any of the patients and hypereosinophilia was only reported in 2
patients.(15,23) Alternatively, drugs may induce other risk factors for acute pancreatitis. For instance, vitamin D intoxication predisposes to hypercalcemia,(24) fibrates
may induce cholelithiasis,(25) and estrogens may lead to hypertriglyceridemia.(26)
Hypercalcemia, cholelithiasis, and hypertriglyceridemia are known causes of acute
pancreatitis. Increased triglyceride levels are associated with use of antipsychotics.(27) Dopamine had an anti-inflammatory effect in an animal model of acute pancreatitis. This anti-inflammatory effect was antagonised by simultaneous haloperidol
administration.(28) This may provide a rationale for the increased risk of pancreatitis
associated with use of antipsychotics.
Most information on drug-associated acute pancreatitis is derived from anecdotal
reports. Our study is unique in its size and its aim to quantify the risk of acute pancreatitis. However, one must consider the results of our study in light of its potential limitations. We limited underascertainment of potential cases by using standardised and
objective screening criteria. Although mild cases may have been missed, symptomatic cases of acute pancreatitis are mostly recognised and admitted irrespective of the
suspected aetiology, hence selection bias is unlikely. Diagnostic bias due to diagnosing acute pancreatitis more easily in patients who use psychotropic drugs is not likely
due to the acute nature of the disease, the screening procedures that we used, and due
to the widespread belief that drugs have a low attributable risk for acute pancreatitis.
In addition, all cases were validated by experts who were blinded to exposure.
Information bias regarding exposure is a particular problem in case-control studies
as cases might recall drug use more accurately than controls due to their recent illness. However, verification at community pharmacies in the Netherland showed that
data on use of antipsychotic drugs was complete for both cases and controls. We studied the influence of recall bias by including a question on use of vitamin C (not known
to be associated with acute pancreatitis) and by asking whether participants knew that
drugs may cause acute pancreatitis. Vitamin C was not associated with development
of acute pancreatitis and slightly more controls than cases knew that drugs may be a
possible cause of acute pancreatitis. These findings suggest that recall bias did not a
DRUG-INDUCED ACUTE PANCREATITIS: ANALYTICAL STUDIES
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play a major role in our study.
In our analyses we adjusted for smoking, alcohol abuse, a history of biliary diseases,
a history of diabetes, and a history of pancreatic diseases. We had no information on
the presence of gallstones in controls at the time of interview. Therefore we adjusted
for a history of biliary diseases which was strongly associated with an increased risk
of acute pancreatitis. Alcohol use may be an important confouder in the relationship
between psychotropic drugs and acute pancreatitis. We adjusted for alcohol use in our
analysis, but residual confounding due to underascertainment of alcohol exposure can
not be excluded with certainty. However, misclassification of alcohol exposure is only
of importance in distinguishing alcohol abuse from modest alcohol consumption as
our analyses showed an increased risk for high alcohol consumption only.
In conclusion, antipsychotic drugs were associated with an increased risk of acute
pancreatitis and should be considered as a potential cause in patients with acute pancreatitis.
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Acute pancreatitis associated with the use of fibrates:
The European case-control study on drug-induced acute pancreatitis (EDIP)
Introduction: Fibrates and hydroxymethylglutaryl-co-enzym-A (HMG-Co-A) reductase
inhibitors have both been associated with acute pancreatitis. We quantified the risk of acute
pancreatitis associated with use of lipid lowering drugs in the European study on druginduced acute pancreatitis (EDIP).
Methods: The EDIP study is a multi-centre population-based European case-control study
on the association between drug use and acute pancreatitis. Patients between 40 and 85
years of age with acute pancreatitis were included between October 1st 1994 and December 31st 1998. Age- and gender-matched community controls were recruited for each case.
Detailed information on drug use and potential confounders (e.g. co-morbidity, alcohol use)
was obtained through a structured interview.
Results: During the study period, we identified and interviewed 724 patients with acute pancreatitis and 1791 community controls. A high number of previous hospitalisations, smoking, high intake of alcohol, a history of biliary disease, hyperlipidemia, peptic ulcer disease,
and pancreatic disease were positively associated with development of acute pancreatitis.
Use of fibrates in the week before the index date was associated with a 3.5 fold increase in
the risk of acute pancreatitis (95% CI: 1.4-9.2). Use of HMG-CoA-reductase inhibitors was
not associated with an increased risk of acute pancreatitis.
Conclusion: Use of fibrates is associated with an increased risk of acute pancreatitis.
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INTRODUCTION
Acute pancreatitis is an inflammatory disease of the pancreas which may lead to
considerable morbidity and mortality. The incidence of acute pancreatitis shows an
increasing trend in European countries.(1,2) The most important risk factors for acute
pancreatitis are gallstones and alcohol abuse. Other risk factors include hyperlipidemia, hypercalcemia, and endoscopic retrograde cholangiopancreaticography (ERCP).
The etiology remains unknown in 10 to 25% of patients with acute pancreatitis.(3)
Drugs have since long been implicated as a potential cause of acute pancreatitis.(4)
However, most information on drug-induced acute pancreatitis is derived from anecdotal case-reports and little is known about the incidence and mechanisms of druginduced acute pancreatitis.(5)
Acute pancreatitis has been associated with fibrates,(6-10) hydroxymethylglutarylco-enzym-A (HMG-Co-A) reductase inhibitors, (11-18) and combined use of these
two drug classes.(11,19) In addition cholestyramine-associated acute pancreatitis has
been described.(12,20)
We assessed the risk of acute pancreatitis associated with use of lipid lowering
drugs in the European study on drug-induced acute pancreatitis (EDIP).

METHODS
Setting
This study is part of the European case-control study on drug-induced acute pancreatitis (EDIP), which was initiated by the European Pharmacovigilance Research Group.
Participating countries include Denmark, Italy, the Netherlands, Portugal, Sweden,
and the United Kingdom. The source population comprised all persons between 40 to
85 years of age in the county of Funen in Denmark, the Rijnmond area in the Netherlands, the Coimbra area in Portugal, the cities Malmö, Stockholm, Uppsala, and
Umeå in Sweden, the cities Bologna, Bolzano, Milano, and Verona in Italy, and Birmingham city in the United Kingdom. For the present study only data from Denmark,
the Netherlands, Italy, and Sweden was used because of absence of data on community controls in the other countries. The study period ran from October 1st 1994 to
December 31st 1998, but differed in the participating countries. Local medical ethical
committees approved the study, and written informed consent was obtained from all
participants.
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Case identification and validation
In the Netherlands, Sweden, and Denmark potential cases were identified by regular
screening of serum amylase and lipase values of admitted patients in the participating hospitals. In Italy, the departments of internal medicine, gastroenterology, and
surgery were regularly screened for patients admitted with acute abdominal pain.
Patients were considered potential cases of acute pancreatitis if they had acute abdominal pain combined with elevated serum amylase and lipase values of more than 2
times the upper limit of normal within the first week of admission, or if they had
acute abdominal pain with confirmatory evidence of acute pancreatitis on ultrasonography, computerized tomography, laparotomy, or autopsy. Patients with post-ERCP
pancreatitis, abdominal trauma, a perforated gastrointestinal ulcer, malignancy of the
gastrointestinal tract, a positive HIV test, or chronic pancreatitis were excluded. Additionally, patients were excluded if they were resident in a nursing home, did not speak
the native language, died before study assessments were completed, or if no reliable
interview data could be obtained (e.g. due to dementia). Since Sweden combined the
EDIP study with a national study, their exclusion criteria were slightly different in the
cities Stockholm and Umeå. In these cities, patients with a history of biliary diseases
and patients with a relapse of acute pancreatitis were also excluded. Acute pancreatitis was considered of biliary origin if gallstones were present at imaging procedures
or at laparotomy.
The clinical notes of all eligible cases were reviewed by consultant gastroenterologists who were blinded to drug exposure. The index date for the cases was defined as
the date of first recorded symptoms.
Control selection
In Sweden, Denmark, and Italy community controls were randomly selected from
population registries. Community controls were randomly selected from the general
practitioner’s practice of the case in the Netherlands. Controls were matched to cases
on gender and age (± 5 years). The index date of the controls was defined as the date
of interview. Exclusion criteria for controls were equal to exclusion criteria for cases.
Data collection
Each country used similar structured questionnaires and coding manuals (International Classification of Diseases, 9th edition and the Drug Dictionary of the World
Health Organization). Interviewers were centrally trained and supervised. The questionnaire included questions on demographics, life-long medical history, smoking
and drinking habits, plus drug intake in the preceding six months. In order to reduce
DRUG-INDUCED ACUTE PANCREATITIS: ANALYTICAL STUDIES
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recall bias, participants were asked to retrieve all packages of drugs that they had
used before start of the interview. For each drug, the indication, strength, formulation,
dosing regimen, start and stop dates were recorded.
Exposure
Use of fibrates was defined as use of fenofibrate, bezafibrate, ciprofibrate, and gemfibrozil in the week before the index date. Use of HMG-CoA-reductase inhibitors was
defined similarly as use of simvastatin, lovastatin, fluvastatin, pravastatin, and atorvastatin. To study potential recall bias, we verified use of lipid lowering drugs at the
community pharmacy of the study participants in the Netherlands.
Covariates
As potential confounders we considered smoking, alcohol use, and co-morbidity. Smoking was expressed as the number of cigarettes smoked per day: 0, 1-10, 11-20, and more
than 21. Alcohol use was expressed as the average intake of units of alcohol per day:
1 unit, 2-4 units, 5-7 units, and 8 or more units. Weight categories were created on the
basis of body mass index (BMI): underweight (<18.5), normal (≥18.5 – <25), overweight
(≥25 – <30), and obese (≥ 30).(21) Working status was divided into employed, ill, unemployed, student or military service, and other.
Analyses
Maximum likelihood estimates of odds ratios (ORs) and their 95% confidence intervals (CIs) were computed using a conditional logistic regression model. In the multivariate analyses risk estimates for use of fibrates and HMG-CoA-reductase inhibitors
were adjusted for alcohol use, smoking, BMI, index year (1994-1996 and 1997-1998),
history of pancreatic disease, history of biliary disease, and history of diabetes mellitus. We performed additional analyses restricted to patients with a first attack of
acute pancreatitis and patients with non-biliary acute pancreatitis. All analyses were
performed in SPSS 8.0 for Windows.

RESULTS
During the study period 823 cases met our inclusion criteria. Eighty cases were
excluded after expert review, as the diagnosis acute pancreatitis could not be substantiated. Furthermore, 19 cases did not have a matched community control and were
therefore excluded from the analyses. Among the final 724 cases, 658 (91%) were
Lipid lowering drugs
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Table 1
Patient characteristics
Cases (n=724)
Country

Denmark
Italy
Netherlands
Sweden

Male
Age (years)
BMI

No. Hosp.*

Smoking†

Alcohol use‡

<18.5
≥18.5 - <25
≥25 - <30
≥30
Unknown
0
1
2
3
4
≥5
Unknown
0
1-10
11-20
≥21
Unknown
0
1-7
8-28
29-49
≥50
Unknown

ADR§
Knowledge on ADR¶
Gall tract diseases ≤ 1 yr.
2-5 yr.
>5 yr.
Hyperlipidemia§
Ulcus pepticum§
Renal failure§
Inﬂammatory bowel disease§
Pancreas diseases§
Diabetes mellitus§
Vitamin C**

69
120
112
423
422
62.7 (SD 11.7)
25.7 (SD 4.1)
10
328
288
90
8
78
148
139
97
80
181
1
509
67
116
29
3
152
321
181
24
40
6
199
33
34
18
75
49
92
8
9
52
70
44

Community controls (n=1791) ORunadjusted
155
151
112
1373
930
60.6 (SD 11.9)
25.2 (SD 3.7)
25
895
663
185
23
250
387
337
270
195
349
3
1343
197
196
37
18
276
927
526
43
6
13
539
196
8
12
179
70
114
9
14
9
77
130

1.2 (0.6-2.7)
ref.
1.1 (0.9-1.4)
1.3 (0.9-1.7)
ref.
1.3
1.3
1.2
1.4
1.7

(0.9-1.8)
(0.9-1.8)
(0.8-1.7)
(0.9-2.0)
(1.3-2.4)

ref.
0.9 (0.7-1.3)
1.7 (1.3-2.2)
2.0 (1.1-3.4)
1.3 (0.97-1.6)
ref.
0.8 (0.7-1.1)
1.2 (0.7-2.1)
15.3 (5.9-39.9)
1.1 (0.9-1.3)
0.4 (0.3-0.6)
11.7 (5.3-25.8)
3.5 (1.6-7.8)
1.2 (0.9-1.6)
1.7 (1.2-2.5)
2.0 (1.5-2.8)
1.9 (0.7-5.2)
2.2 (0.9-5.1)
13.8 (6.4-29.2)
2.1 (1.5-3.0)
0.9 (0.6-1.3)

OR=odds ratio, SD=standard deviation, BMI=body mass index, ADR=adverse drug reaction, * Number of hospitalisations in entire life, † number of cigarettes smoker per day, ‡ Units of alcohol per week, § Ever history of,
¶ Knowledge that drugs may cause acute pancreatitis, ** use in the week before the index date.
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Table 2
Association between use of ﬁbrates and acute pancreatitis.
Cases
(n=724)

Community controls
(n=1791)

Bezaﬁbrate
Gemﬁbrozil

14
5
8
27

10
1
9
48

3.5 (1.4-9.2)
15.2 (1.4-159.7)
1.9 (0.6-5.8)
1.1 (0.7-2.0)

Simvastatin
Pravastatin
Fluvastatin

21
4
2

35
3
6

1.1 (0.6-2.1)
3.7 (0.4-32.7)
1.5 (0.3-8.2)

Fibrates*

HMG CoA red.
Inhibitors*

ORadjusted†

OR=odds ratio, HMG CoA red = hydroxymethylglutaryl-co-enzym-A reductase, *use in the week before the index
date, † adjusted for alcohol use, smoking, bmi, index year, history of pancreatic disease, history of biliary disease,
history of diabetes mellitus.

admitted for a first attack of acute pancreatitis. Three hundred (41%) patients had
evidence of gallstones and 88 (12%) patients had a history of alcohol abuse or used 5
units or more per day. A total of 1791 community controls were matched to the final
724 cases.
A high number of previous hospitalisations, smoking, high intake of alcohol, and a
history of biliary disease, hyperlipidemia, peptic ulcer disease, diabetes mellitus and
pancreatic disease were all positively associated with development of acute pancreatitis (table 1).
Use of fibrates in the week prior to the index date was associated with an increased
risk of acute pancreatitis with an adjusted OR of 3.5 (95% CI: 1.4-9.2). Restriction to
patients with a first attack of acute pancreatitis did not change the results. The risk of
acute pancreatits during use of fibrates seemed higher in patients aged 60 years and
over with an OR of 5.4 (95% CI: 1.4-20.1), in patients without biliary disease with an
OR of 19.7 (2.0-192.9), and in users of bezafibrate with OR of 15.2 (95% CI: 1.4-159.7),
but numbers were low. Use of HMG-CoA-reductase inhibitors did not increase the risk
of acute pancreatitis and did not modify the risk of fibrates since only 4 patients used
fibrates and HMG-CoA-reductase inhibitors together. Since most of the fibrates were
prescribed for a similar dose and all patient currently using fibrates used fibrates for
a longer period of time we could not assess dose and duration response relationships.
The risk of acute pancreatitis associated with bile acid binders and nicotinic acid
derivates could not be estimated due to low exposure prevalence. Data on dispensed
prescriptions of fibrate at community pharmacies in the Netherlands showed that
reported data on fibrate use was complete for controls. One case had filled a prescription for fibrate, while fibrate use was not reported in the interview.
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DISCUSSION
In this multinational study we found an increased risk of acute pancreatitis in users of
fibrates. The risk of acute pancreatitis associated with fibrate seemed higher in elderly
patients. Use of HMG-CoA-reductase inhibitors was not associated with an elevated
risk of acute pancreatitis.
Acute pancreatitis has been attributed to fibrates in the literature, but to our knowledge epidemiological studies on this subject have not been performed.(6-10) Prompt
recurrence of pancreatitis occurred twice after restart of bezafibrate in one reported
patient, suggesting a potential allergic reaction.(9) Secondary biliary pancreatitis
may be an alternative mechanism for fibrate-associated acute pancreatitis, as fibrates
are capable of inducing cholelithiasis.(22) However, our study does not confirm this
mechanism as the risk was higher after exclusion of patients with biliary pancreatitis.
Acute pancreatitis has been attributed to HMG-CoA-reductase inhibitors, but
detailed rechallenge studies have not been described. (11-13, 15-18) Rhabdomyolysis
attributed to HMG-CoA-reductase inhibitors therapy, and in particular to combined
use of HMG-CoA-reductase inhibitors and fibrates is well documented (23) and acute
pancreatitis secondary to rhabdomyolysis after use of HMG-CoA-reductase inhibitors
has been reported.(14,19)
The results of our study should be interpreted in light of potential limitations
which can be classified as selection, information and confounding bias. Selection bias
is limited since both diagnostic bias and underascertainment bias are low. We limited
underascertainment of potential cases by using standardised and objective screening
criteria. Although mild cases may have been missed, symptomatic cases of acute pancreatitis are mostly recognised and admitted irrespective of the suspected aetiology.
Diagnostic bias due to diagnosing acute pancreatitis more easily in patients who use
fibrates is not likely due to the acute nature of the disease, the screening procedures
that we used, and due to the widespread belief that drugs have a low attributable
risk for acute pancreatitis. In addition, all cases were validated by experts who were
blinded to exposure.
Information bias regarding exposure is a particular problem in case-control studies
as cases might recall drug use more accurately than controls due to their recent illness. However, data on dispensed prescriptions of fibrates at community pharmacies
in the Netherlands showed that data on fibrate use was complete for controls. In addition, we studied the influence of recall bias by including a question on use of vitamin
C (not known to be associated with acute pancreatitis) and by asking whether participants knew that drugs may cause acute pancreatitis. Vitamin C was not associated
with development of acute pancreatitis and slightly more controls than cases knew
that drugs may be a possible cause of acute pancreatitis. These findings suggest that
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recall bias did not a play a major role in our study.
Confounding by indication is a particular problem when assessing the relation
between fibrates and acute pancreatitis. Hyperlipidemia may induce acute pancreatitis, but only at grossly elevated levels.(24) In our study confounding by indication
cannot be excluded as a possible explanation for the observed relationship.
In our analyses we adjusted for smoking, alcohol abuse, a history of biliary diseases,
a history of diabetes, and a history of pancreatic diseases. We had no information on
the presence of gallstones in controls at the time of interview. Therefore we adjusted
for a history of biliary diseases which was strongly associated with an increased risk of
acute pancreatitist. Alcohol use may induce hyperlipidemia with subsequent prescription of lipid lowering drugs. We adjusted for alcohol use in our analysis, but residual
confounding due to underascertainment of alcohol exposure can not be excluded.
However, misclassification of alcohol exposure is only of importance in distinguishing
alcohol abuse from modest alcohol consumption as our analyses showed an increased
risk for high alcohol consumption only.
In conclusion, fibrates were associated with an increased risk of acute pancreatitis
and should be considered as a potential cause in patients with acute pancreatitis.
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Acute pancreatitis associated with the use of vitamin D:
The European case-control study on drug-induced acute pancreatitis (EDIP)
Introduction: Use of vitamin D may induce hypercalcemia, which is a risk factor for acute
pancreatitis. We investigated the association between vitamin D use and acute pancreatitis
in the European study on drug-induced acute pancreatitis (EDIP)
Methods: The EDIP study is a multi-centre population-based European case-control study
on the association between drug use and acute pancreatitis. Patients between 40 and 85
years of age with acute pancreatitis were included between October 1st 1994 and December 31st 1998. Age- and gender-matched community controls were recruited for each case.
Detailed information on drug use and potential confounders (e.g. co-morbidity, alcohol use)
was obtained through a structured interview.
Results: During the study period, we identified and interviewed 724 patients with acute
pancreatitis and 1791 community controls. A high number of previous hospitalisations,
smoking, high intake of alcohol, a history of biliary disease, hyperlipidemia, peptic ulcer
disease, and pancreatic disease were positively associated with development of acute pancreatitis. Use of vitamin D in the week before the index date was associated with a 3.5 fold
increase in the risk of acute pancreatitis (95% CI: 1.01-12.2).
Conclusion: Vitamin D use is associated with an increased risk of acute pancreatitis, possibly might be explained by vitamin D induced hypercalcemia.
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INTRODUCTION
Acute pancreatitis is an inflammatory disease of the pancreas which may lead to
considerable morbidity and mortality. The incidence of acute pancreatitis shows an
increasing trend in European countries.(1,2) The most important risk factors for acute
pancreatitis are gallstones and alcohol abuse. Hypercalcemia is another risk factor
for acute pancreatitis.(3) Acute pancreatitis due to hypercalcemia has been described
in patients with hyperparathyroidism, sarcoidosis, malignancy, myeloma, and in a
patient with vitamin D intoxication.(4-8) We assessed the risk of acute pancreatitis
associated with use of vitamin D in the European study on drug-induced acute pancreatitis (EDIP).

METHODS
Setting
This study is part of the European case-control study on drug-induced acute pancreatitis (EDIP), which was initiated by the European Pharmacovigilance Research Group.
Participating countries include Denmark, Italy, the Netherlands, Portugal, Sweden,
and the United Kingdom. The source population comprised all persons between 40 to
85 years of age in the county of Funen in Denmark, the Rijnmond area in the Netherlands, the Coimbra area in Portugal, the cities Malmö, Stockholm, Uppsala, and
Umeå in Sweden, the cities Bologna, Bolzano, Milano, and Verona in Italy, and Birmingham city in the United Kingdom. For the present study only data from Denmark,
the Netherlands, Italy, and Sweden was used because of absence of data on community controls in the other countries. The study period ran from October 1st 1994 to
December 31st 1998, but differed in the participating countries. Local medical ethical
committees approved the study, and written informed consent was obtained from all
participants.
Case identification and validation
In the Netherlands, Sweden, and Denmark potential cases were identified by regular
screening of serum amylase and lipase values of admitted patients in the participating hospitals. In Italy, the departments of internal medicine, gastroenterology, and
surgery were regularly screened for patients admitted with acute abdominal pain.
Patients were considered potential cases of acute pancreatitis if they had acute abdominal pain combined with elevated serum amylase and lipase values of more than 2
times the upper limit of normal within the first week of admission, or if they had
Vitamin D
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acute abdominal pain with confirmatory evidence of acute pancreatitis on ultrasonography, computerised tomography, laparotomy, or autopsy. Patients with post-ERCP
pancreatitis, abdominal trauma, a perforated gastrointestinal ulcer, malignancy of the
gastrointestinal tract, a positive HIV test, or chronic pancreatitis were excluded. Additionally, patients were excluded if they were resident in a nursing home, did not speak
the native language, died before study assessments were completed, or if no reliable
interview data could be obtained (e.g. due to dementia). Since Sweden combined the
EDIP study with a national study, their exclusion criteria were slightly different in the
cities Stockholm and Umeå. In these cities, patients with a history of biliary diseases
and patients with a relapse of acute pancreatitis were also excluded. Acute pancreatitis was considered of biliary origin if gallstones were present at imaging procedures
or at laparotomy.
The clinical notes of all eligible cases were reviewed by consultant gastroenterologists who were blinded to drug exposure. The index date for the cases was defined as
the date of first recorded symptoms.
Control selection
In Sweden, Denmark, and Italy community controls were randomly selected from
population registries. Community controls were randomly selected from the general
practitioner’s practice of the case in the Netherlands c. Controls were matched to
cases on gender and age (± 5 years). The index date of the controls was defined as
the date of interview. Exclusion criteria for controls were equal to exclusion criteria
for cases.
Data collection
Each country used similar structured questionnaires and coding manuals (International Classification of Diseases, 9th edition and the Drug Dictionary of the World
Health Organisation). Interviewers were centrally trained and supervised. The questionnaire included questions on demographics, life-long medical history, smoking
and drinking habits, plus drug intake in the preceding six months. In order to reduce
recall bias, participants were asked to retrieve all packages of drugs that they had
used before start of the interview. For each drug, the indication, strength, formulation,
dosing regimen, start and stop dates were recorded.
Exposure
Use of vitamin D analogues was defined as use of these compounds in the week before
the index date. Use of multivitamin preparations was not considered in this analysis.
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To study potential recall bias, we verified use of vitamin D preparations at the community pharmacy of the participants in the Netherlands.
Covariates
As potential confounders we considered smoking, alcohol use, and co-morbidity.
Smoking was expressed as the number of cigarettes smoked per day: 0, 1-10, 11-20,
and more than 21. Alcohol use was expressed as the average intake of per day: 1 unit,
2-4 units, 5-7 units, and 8 or more units. Weight categories were created on the basis
of body mass index (BMI): underweight (<18.5), normal (≥18.5 – <25), overweight
(≥25 – <30), and obese (≥ 30).(9) Working status was divided into employed, ill, unemployed, student or military service, and other.
Analyses
Maximum likelihood estimates of odds ratios (ORs) and their 95% confidence intervals
(CIs) were computed using a conditional logistic regression model. In the multivariate
analysis risk estimates for use of vitamin D preparations were adjusted for alcohol use,
smoking, BMI, index year (1994-1996 and 1997-1998), history of pancreatic disease,
history of biliary disease, and history of diabetes mellitus. We performed additional
analyses restricted to patients with a first attack of acute pancreatitis and patients with
non-biliary acute pancreatitis. All analyses were performed in SPSS 8.0 for Windows.

RESULTS
During the study period 823 cases met our inclusion criteria. In the expert review, 80
cases were excluded as the diagnosis acute pancreatitis could not be substantiated.
Furthermore, 19 cases did not have a matched community control and were therefore
excluded from the analyses. Among the final 724 cases, 658 (91%) were admitted for a
first attack of acute pancreatitis. Three hundred (41%) patients had evidence of gallstones and 88 (12%) patients had a history of alcohol abuse or used 5 units or more per
day. A total of 1791 community controls were matched to the final 724 cases.
A high number of previous hospitalisations, smoking, high intake of alcohol, and a
history of biliary disease, hyperlipidemia, peptic ulcer disease, diabetes mellitus, and
pancreatic disease were all positively associated with development of acute pancreatitis (table 1).
Use of vitamin D in the week prior to the index date was associated with an
increased risk of acute pancreatitis: adjusted OR 3.5 (95% CI: 1.01-12.2). The risk of
vitamin D associated acute pancreatitis seemed higher in patients without biliairy
Vitamin D
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Table 1
Patient characteristics
Cases (n=724)
Country

Denmark
Italy
Netherlands
Sweden

Male
Age (years)
BMI

No. Hosp.*

Smoking†

Alcohol use‡

<18.5
≥18.5 - <25
≥25 - <30
≥30
Unknown
0
1
2
3
4
≥5
Unknown
0
1-10
11-20
≥21
Unknown
0
1-7
8-28
29-49
≥50
Unknown

ADR§
Knowledge on ADR¶
Gall tract diseases ≤ 1 yr.
2-5 yr.
>5 yr.
Hyperlipidemia§
Ulcus pepticum§
Renal failure§
Inﬂammatory bowel disease§
Pancreas diseases§
Diabetes mellitus§
Vitamin C**

69
120
112
423
422
62.7 (SD 11.7)
25.7 (SD 4.1)
10
328
288
90
8
78
148
139
97
80
181
1
509
67
116
29
3
152
321
181
24
40
6
199
33
34
18
75
49
92
8
9
52
70
44

Community controls (n=1791) ORunadjusted
155
151
112
1373
930
60.6 (SD 11.9)
25.2 (SD 3.7)
25
895
663
185
23
250
387
337
270
195
349
3
1343
197
196
37
18
276
927
526
43
6
13
539
196
8
12
179
70
114
9
14
9
77
130

1.2 (0.6-2.7)
ref.
1.1 (0.9-1.4)
1.3 (0.9-1.7)
ref.
1.3
1.3
1.2
1.4
1.7

(0.9-1.8)
(0.9-1.8)
(0.8-1.7)
(0.9-2.0)
(1.3-2.4)

ref.
0.9 (0.7-1.3)
1.7 (1.3-2.2)
2.0 (1.1-3.4)
1.3 (0.97-1.6)
ref.
0.8 (0.7-1.1)
1.2 (0.7-2.1)
15.3 (5.9-39.9)
1.1 (0.9-1.3)
0.4 (0.3-0.6)
11.7 (5.3-25.8)
3.5 (1.6-7.8)
1.2 (0.9-1.6)
1.7 (1.2-2.5)
2.0 (1.5-2.8)
1.9 (0.7-5.2)
2.2 (0.9-5.1)
13.8 (6.4-29.2)
2.1 (1.5-3.0)
0.9 (0.6-1.3)

OR=odds ratio, SD=standard deviation, BMI=body mass index, ADR=adverse drug reaction, * Number of hospitalisations in entire life, † number of cigarettes smoker per day, ‡ Units of alcohol per week, § Ever history of,
¶ Knowledge that drugs may cause acute pancreatitis, ** use in the week before the index date.
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pancreatitis: OR (24.7 (95% CI: 1.4-424.0), in patients aged 40-60 years: OR 10.3 (95%
CI: 1.4-75.1), and in users of hydroxylated vitamin D: OR 13.5 (95% CI: 1.3-143.7), but
numbers were low. Adjustment for renal failure did not change the results. None of
the users of vitamin D used pancreatic enzymes concomitantly. The exposure prevalence was too low to estimate duration-, and dose response relationships. Data on
dispensed prescriptions of vitamin D preparations at community pharmacies in the
Netherlands showed that data on vitamin D use was complete.

DISCUSSION
In this multinational study we found an increased risk of acute pancreatitis in users
of vitamin D preparations. The risk of acute pancreatitis associated with vitamin D
preparations may be higher in patients using hydroxylated vitamin D.
In the skin, 7-dehydrocholesterol is changed into vitamin D3 under the influence
of sunlight. People with low exposure to sunlight and people with low vitamin D
production capacity (blacks, elderly) need dietary vitamin D to maintain adequate
vitamin D levels. Vitamin D3 is hydroxylated to 25-hydroxy-vitamin D3 in the liver,
which is subsequently hydroxylated to 1,25-hydroxy-vitamin D3 in the kidney. This
most active form of vitamin D promotes active absorption of phosphate and calcium
in the small intestine. Intoxication with vitamin D leads to hypercalcemia, which is
a well-known risk factor for acute pancreatitis. This is especially true for 1-hydroxylated vitamin D3 since hydroxylation by 1-α-hydroxylase is the rate-limiting step in the
production of 1,25-hydroxy-vitamin D3.
Acute pancreatitis attributed to vitamin D intoxication has been described in one
ase-report. This patient had recurrent pancreatitis associated with hypercalcemia,
which was precipitated by excessive self-medication with vitamin D preparations. This
patient had elevated 25-hydroxy-vitamin D3 (4.5 x N), reflecting increased body stores
of vitamin D. However, he had subnormal levels of 1,25-hydroxy-vitamin D probably
due to suppressed 1-α-hydroxylase activity by low PTH levels and high serum phosphate levels.
The results of our study should be interpreted in light of its potential limitations.
We limited underascertainment of potential cases by using standardised and objective
screening criteria. Although mild cases may have been missed, symptomatic cases of
acute pancreatitis are mostly recognised and admitted irrespective of the suspected
aetiology. Hence selection bias is unlikely. Diagnostic bias due to diagnosing acute
pancreatitis more easily in patients who use vitamin D is not likely due to the acute
nature of the disease, the screening procedures that we used, and due to the widespread belief that drugs have a low attributable risk for acute pancreatitis. In addition,
all cases were validated by experts who were blinded to exposure.
Vitamin D
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Information bias regarding exposure is a particular problem in case-control studies as cases might recall drug use more accurately than controls due to their recent
illness. However, data on dispensed prescriptions of vitamin D at community pharmacies in the Netherlands showed that data on vitamin D use was complete. In addition,
we studied the influence of recall bias by including a question on use of vitamin C (not
known to be associated with acute pancreatitis) and by asking whether participants
knew that drugs may cause acute pancreatitis. Vitamin C was not associated with
development of acute pancreatitis and slightly more controls than cases knew that
drugs may be a cause of acute pancreatitis. These findings suggest that recall bias did
not a play a major role in our study.
Confounding by indication is a particular problem when assessing the relation
between vitamin D use and acute pancreatitis. Vitamin D may be prescribed in
patients with pancreatic insufficiency due to previous or chronic pancreatitis. In our
study, patients with signs of chronic pancreatitis were excluded and we adjusted for
history of pancreatitis in our analyses. None of the users of vitamin D used pancreatic
enzymes, indicating that none had manifest pancreatic insufficiency. Vitamin D is
also prescribed in patients with renal insufficiency to correct secondary hyperparathyroidism. Renal insufficiency has been proposed as a risk factor for acute pancreatitis, but adjusting for renal insufficiency did not change the risk estimates of vitamin
D in our analyses.
In conclusion, use of vitamin D was associated with an increased risk of acute
pancreatitis and should be considered as a potential cause in patients with acute pancreatitis.
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I

n this thesis, the objective was to study drugs as a potential cause of acute pancreatitis. Drugs received relatively little attention as a risk factor for acute pancreatitis
in the medical literature.(1) In the first part of this thesis, we estimated the incidence
and mortality of acute pancreatitis to assess the potential public health impact of our
topic. In the second part, we applied several methods and used different sources to
study the association between drugs and acute pancreatitis. In the following paragraphs, we will consecutively discuss the incidence and mortality of acute pancreatitis, the different tools for drug safety assessment, and our studies on drug-induced
acute pancreatitis.

INCIDENCE AND MORTALITY OF ACUTE PANCREATITIS
The incidence of acute pancreatitis has increased in several developed countries
between 1960 and 1985.(2-7) Apart from a real increase in incidence, an alternative explanation for this observation might be the improvement of diagnostic tests
for acute pancreatitis. Our nationwide incidence study showed that this increase
continued during the period between 1985-1995, despite the unchanged character of
diagnostic procedures such as ultrasonography and assessement of serum amylase.
Hence, it is likely that the increased incidence of acute pancreatitis is genuine and
not explained by better diagnostic procedures. Our study showed that the incidence
of acute pancreatitis increased strongly with age, which could not be explained by
ageing of the Dutch population since age-standardised incidence rates increased as
well. Despite an increasing incidence of acute pancreatitis, overall mortality rates due
to acute pancreatitis were stable in the period 1985-1995. The lower case-fatality may
be the result of more effective intensive care treatment or to more frequently diagnosing of milder forms of acute pancreatitis (e.g. after ERCP).
Since we intended to study trends over a broad time interval, we used hospital
discharge data to study the incidence of acute pancreatitis. Incidence studies based on
hospital data, however, may underestimate the true incidence rate if not all patients
with acute pancreatitis are referred to hospital. Therefore, we also performed a study
on the incidence of acute pancreatitis in a large database with information from general practices. This study showed that 98% of all patients diagnosed with acute pancreatitis by general practitioners were referred to hospital. Consequently, incidence
estimates in both studies were of similar magnitude.
The incidence of acute pancreatitis may also be underestimated if autopsy data are
ignored.(8, 9) We did not include data from pathology databases in our two incidence
studies. However, autopsy data were included indirectly as they are reported to the
general practitioner and used for the coding of discharge diagnoses. Hence, it is not
likely that we missed more than an incidental case.
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In conclusion, the incidence of acute pancreatitis rose in the period 1985-1995.
This rise can not be explained by an ageing population, nor by improvement of diagnostic tests. In the study period, the incidence of both biliary diseases and endoscopic
procedures increased, both of which may be a potential explanation for the rise in the
incidence of acute pancreatitis.

TOOLS FOR DRUG SAFETY
Since pre-marketing studies are primarily designed to investigate efficacy of drugs,
they are not able to detect rare adverse events such as acute pancreatitis. Besides the
lack of power to detect rare adverse drug reactions, the duration of follow-up is usually too short to detect adverse drug reactions with delayed onset. In addition, most
pre-marketing studies are conducted in selected patient groups. Children, elderly,
and patients with extensive co-morbidity are usually excluded, whereas these patient
groups may have an increased risk of adverse drug reactions.
The limitations of pre-marketing studies emphasize the need for other methods to
study adverse drug reactions. Spontaneous reporting of adverse drug reactions to drug
monitoring centres has been the mainstay of pharmacovigilance for many years but
this system has some limitations. Only a small proportion of adverse drug reactions
are notified to monitoring centres, (10) which is true even for severe reactions such as
anaphylaxis.(11) Moreover, reports to such centres often lack sufficient data to assess
the causal relationship between the suspected drug and the adverse event. Despite
these limitations, the important advantage of these systems is their potential to generate signals of new and severe adverse drug reactions.
Often, observed adverse reactions are not reported to monitoring centres but published in the medical literature. Such case-reports may provide even more important
signals on adverse drug reactions thanks to their detailed descriptions of individual
case histories. However, in the absence of rechallenge it may be difficult to draw conclusions on the causal relationship.
The signals provided by spontaneous reporting systems and by reports in the literature may be the start of subsequent analytical pharmacoepidemiological studies.
On first thought, a post-marketing clinical trial may seem the ideal method for quantification of a potential adverse drug reaction. However, if one requires 90% power
(α<0.05; β=0.1) to detect a relative risk as high as 3.0 for the association between
a certain drug and acute pancreatitis (assuming a background incidence of 0.015%),
one would need to randomise over 100,000 patients. A post-marketing trial of that size
is clearly too expensive to perform. Observational (=non-experimental) pharmacoepidemiological studies are, therefore, essential in assessing the risks of rare adverse
reactions such as acute pancreatitis. The validity of observational studies is frequently
DISCUSSION AND SUMMARY
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questioned because of potential bias and confounding but a careful design may deal
with most of these problems. The two main observational approaches in pharmacoepidemiology follow cohort and case-control designs. In the cohort design, the frequency
of the adverse reaction is compared between patients with and without the exposure
of interest. The advantages of this study design are the direct measurement of the incidence of the adverse event, prospective assessment of exposure, which avoids recall
bias, and its suitability to study adverse reactions to infrequently used drugs. However,
the studied adverse event needs to be rather frequent. Since acute pancreatitis is a
rare event, cohort studies are usually not an efficient approach to study associations
between drugs and acute pancreatitis.
In pharmaco-epidemiological case-control studies, drug exposure is compared
between patients with and without the adverse event. The case-control design is an
efficient design to study rare adverse reactions, as drug exposure is only measured
in patients with the adverse event and in a sample of the source population. Another
advantage of the case-control design in studying drug-associated acute pancreatitis
is its suitability to study multiple drug exposures. However, case-control studies are
less suitable to study rare drug exposures, as drug exposure in controls may be too
low to validly estimate risks. An important limitation of case-control studies is their
vulnerability to bias. Inclusion of cases and controls may depend on exposure status
(selection bias) and patients with the disease may recollect former drug exposure
more accurately than controls due to their recent disease (recall bias). This form of
information bias is absent if prospectively recorded data on exposure are used.
Many of the advantages and disadvantages of the different study designs depend
on the system of data collection. In pharmaco-epidemiological research, two types
of data sources can be distinguished. One source concerns the use of computerised
databases which consist of billing data or electronic patient records. An example of the
latter is the General Practice Research Database (GPRD) which contains medical data
on more than four million residents in the United Kingdom. The GPRD has proven
to be useful for pharmaco-epidemiological research since it allows for the study of
rare adverse drug reactions. Since the data are collected prospectively during general
practitioner visits and recorded in a database, studies can be performed in a relatively
short time. This is of special value in pharmaco-epidemiology, as drug safety questions often need quick answers. Second, data on drug use is prospectively collected,
irrespective of and before the adverse event occurred and therefore selection bias and
information bias are limited.
A potential problem with database studies concerns adjustment for other risk factors. Automated databases usually have no information on alcohol use and smoking
and these factors may be important confounders in the association between drugs
and acute pancreatitis. De novo data collection in an epidemiological field study may
overcome this lack of information on important risk factors. A field study has the
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advantage that one can assess potential confounders, but has the disadvantage that it
is timely and costly. Since adverse drug reactions usually have a low frequency, the
case-control design is mostly followed. Another advantage of the case-control design
in pharmaco-epidemiological field studies is that ad hoc case-control studies take less
time to perform than ad hoc cohort studies.

DRUG-INDUCED ACUTE PANCREATITIS
Drugs as a potential risk factor for acute pancreatitis have received relatively few
attention, and little is known about which drugs are associated with acute pancreatitis.
We started our exploration of drug-induced acute pancreatitis with the evaluation of
spontaneous reports of drug-induced acute pancreatitis and a review of the literature.
On the basis of these studies, we quantified the association between five different drug
classes and acute pancreatitis.
Descriptive studies
Over 7000 reports of drug-associated acute pancreatitis have been sent to the World
Health Organisation. To assess the usefulness of spontaneous reports on drug-induced
acute pancreatitis we obtained additional clinical information on all reports notified
to the Netherlands Center for Monitoring of Adverse Reactions to Drugs of the Inspectorate for Health Care and to the Netherlands Pharmacovigilance Foundation LAREB.
In 11 of the 55 reports, there was insufficient evidence for the diagnosis acute pancreatitis and in another 10 the causal relationship between the suspected drug and acute
pancreatitis was unlikely. This shows that thorough evaluation of spontaneous reports
and evaluation of additional clinical information is essential before inferences on any
kind of frequency or association can be made. One of the evaluated reports concerned
acute pancreatitis attributed to interferon-α. This patient and another patient both
experienced a relapse of acute pancreatitis after rechallenge. The case-histories of
these two patients were prescribed in more detail in a gastroenterological journal to
alert medical doctors to interferon-α as a potential cause of acute pancreatitis.
Many reports in the medical literature have suggested an association between individual drugs and acute pancreatitis.(12) We performed an extensive literature search
to summarise the current knowledge on drug-induced acute pancreatitis. Over 150
individual drugs and drug classes have been suggested as a potential cause of acute
pancreatitis. For several reasons, assessment of the causal relationship between suspected drugs and acute pancreatitis in these reports is complicated. Many reports
have insufficient data and in reports with complete information a ‘chance’ association
is difficult to exclude if rechallenge was not performed. Information on rechallenge is
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sparse since it is only ethical when it concerns a drug which is essential for the treatment of the patient. In some conditions, drug effects may be difficult to separate from
the underlying condition for which they were prescribed (confounding by indication).
For instance, mesalazine and azathioprine are used in the treatment of inflammatory
bowel disease, a disease which increases the risk of acute pancreatitis itself. Prescription of drugs for unrecognised prodromal signs of acute pancreatitis (protopathic
bias) may further complicate assessment of the causal relationship between drugs
and acute pancreatitis. This bias may, for instance, explain the suggested association
between H2-blocker-and acute pancreatitis. Despite these problems, some reports
strongly suggest a causal relationship for a number of drugs. Didanosine-induced
acute pancreatitis, for instance, was reported as soon as the first dose escalating studies were performed and it has consistently been reported since then. For some drugs,
a causal relationship with acute pancreatitis is certain despite a low incidence. The
causal relationship between ACE-inhibitors, azathioprine, and metronidazole has been
confirmed by several well-documented rechallenges. However, as mentioned above
case-reports do not permit quantification of the risk of acute pancreatitis.
Analytical studies
Based on the descriptive studies, we quantified the association between five different
drug classes and acute pancreatitis. Our first study, which was conducted in the GPRD,
concerned anti-ulcer drugs as a potential cause of acute pancreatitis. In assessing the
association between anti-ulcer drugs and acute pancreatitis, some methodological
issues require special attention. Indications (e.g. ulcers) for which anti-ulcer drugs are
prescribed may be associated with an increased risk of acute pancreatitis. We limited
confounding by indication by selecting a cohort of patients who ever used an antiulcer drug and thus ever had an indication for use of these drugs. Anti-ulcer drugs
can also be prescribed for unrecognised prodromal signs of acute pancreatitis, which
could explain an association between these drugs and acute pancreatitis. We tried
to reduce this form of bias by taking the day of onset of symptoms as index date for
patients with acute pancreatitis. This is, however, difficult in the GPRD, as prodromal
symptoms may not always have been registered in the database. To limit confounding, we restricted our study to people without major risk factors for acute pancreatitis.
We should, however, acknowledge that the success of this approach depends on the
completeness of pre-recorded information on these confounders. Recording of biliary
diseases may be near complete, but alcohol abuse may be recorded less accurately.
To avoid the problems related to control of confounding in database studies, a
multinational case-control field study on drug-induced acute pancreatitis was initiated in 1996. This European case-control study on drug-induced acute pancreatitis
was performed simultaneously in Denmark, Italy, the Netherlands, Portugal, Sweden,
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and the United Kingdom. In the studies prescribed in this thesis, drug use in patients
with acute pancreatitis was compared to controls who were randomly selected from
the community. In these studies, data from Portugal and the United Kingdom was not
used since they ascertained hospital controls.
Adverse reactions may be more easily diagnosed if patients use drugs that are widely
known as a potential cause (diagnostic bias). This type of bias is, however, unlikely
for acute pancreatitis since the symptoms merit prompt medical care independent of
aetiology. In addition, drugs are generally believed to have a low attributable risk for
acute pancreatitis and are thus not among the first etiological factors sought. Recall
bias is the most important form of information bias in case-control studies that rely on
interview as source of information. Compared to community controls, patients with
acute pancreatitis may remember former drug use more accurately due to their recent
illness. Use of pharmacy dispensing data or GP prescription data prevents recall bias,
but has the disadvantage that ‘over the counter’ drugs are missed and that non-compliance is not taken into account. Since pharmacy dispensing data were not available in
all participating countries, we relied on interview to assess drug exposure. We studied
the influence of recall bias by including a question on use of vitamin C (not known to
be associated with acute pancreatitis) and by asking whether participants knew that
drugs may cause acute pancreatitis. Vitamin C was not associated with development
of acute pancreatitis and slightly more controls than cases knew that drugs may be
a potential cause of acute pancreatitis. In the field study data from the Netherlands,
pharmacy dispensing data were compared to drug exposure data derived from interview. Interview data were virtually complete for the drugs we studied: ACE-inhibitors,
psychotropic drugs, lipid lowering drugs, and vitamin D. These findings suggest that
recall bias did not play a major role in our studies. Confounding is the third aspect that
deserves attention in pharmacoepidemiological studies. Alcohol abuse is an important
risk factor for acute pancreatitis and may be associated with use of certain drug classes.
One of the main advantages of the EDIP field study above the GPRD study is the availability of more accurate data on alcohol use. Apart from the fact that this allows for the
study of a dose-relationship between alcohol use and acute pancreatitis, we were able
to control for the potentially confounding effect of alcohol. However, one has to bear
in mind that residual confounding due to misclassification of alcohol use can never
be excluded. Gallstones are an important risk factor for acute pancreatitis as well and
may be a confounder if associated with drug use. Since we used community controls
tp provide us information about the exposure prevalence in the source population, we
had no imaging information on the presence of gallstones in controls at the time of
interview. Therefore, we were only able to adjust for a history of biliary diseases.
Confounding by indication is a particular problem in pharmacoepidemiological
studies. The indication for which a drug is prescribed may be an independent risk
factor for acute pancreatitis, thereby explaining an association between the prescribed
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drug and development of acute pancreatitis. Confounding by indication probably did
not play a major role in our studies on ACE-inhibitor-associated pancreatitis and antipsychotic drug-associated pancreatitis since hypertension, congestive heart failure,
and psychotic disorders are not established risk factors for acute pancreatitis. Hyperlipidemia is a risk factor for acute pancreatitis and confounding by indication could
therefore play a role in our study on fibrate-associated acute pancreatitis. Among
other indications, vitamin D is prescribed to patients with pancreatic insufficiency
and to patients with renal failure. Pancreatic insufficiency may be due to previous
pancreatitis, which could predispose to subsequent relapses. However, none of the
patients using vitamin D preparations used pancreatic enzymes concomitantly, indicating that none of them had overt pancreatic insufficiency. Moreover, we adjusted for
a history of pancreatic diseases in the analyses. Renal failure has been suggested as a
potential cause of acute pancreatitis, but adjustment for history of renal failure had no
effect on the risk estimate and is therefore unlikely to explain the association between
vitamin D and acute pancreatitis.
The lack of quantitative studies on drug-associated acute pancreatitis and the large
number of drugs that have been suggested as a potential cause of acute pancreatitis
prompted us to use the case-control design in the EDIP study. The case-control design
allowed us to study multiple drug exposures for a relatively rare disease such as
acute pancreatitis. However, the case-control design is not very efficient for studying
adverse reactions to drugs that are infrequently used. Many case-reports confirmed
a causal association between azathioprine and acute pancreatitis by prompt relapse
after controlled rechallenge.(12) Since exposure to azathioprine is low in the general
population, we were unable to quantify the risk of acute pancreatitis associated with
use of azathioprine in our international case-control study.
Pathogenesis and incidence of drug-induced acute pancreatitis
The pathogenesis of drug-induced acute pancreatitis is incompletely understood.
Drugs or drug metabolites may theoretically have a direct toxic effect on the pancreas.
Among the NSAIDs, sulindac seems to stand out in its ability to induce pancreatitis.
The delay between start of sulindac and development of symptoms is several weeks
to months, and after rechallenge symptoms re-appear within weeks. This is compatible with a toxic effect on the pancreas. Didanosine-associated acute pancreatitis
usually develops 10-18 weeks after start of therapy, which is well compatible with
didanosine-induced mitochondrial toxicity.(13) ACE-inhibitors may predispose to pancreatitis by diminished degradation of bradykinin and substance P. For other drugs, an
immunoallergic idiosyncratic reaction is more likely. Time between start of treatment
and development of acute pancreatitis is usually within a few weeks for mesalazine,
azathioprine, methyldopa and sulphonamides. Rechallenge with these drugs usually
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leads to prompt recurrence of symptoms in a dose-independent manner. Other drugs
may indirectly lead to acute pancreatitis by inducing known risk factors. For instance,
estrogens, ritonavir, β-blockers, and other drugs are known to induce hyperlipidemia
in susceptible patients. Hypercalcemia may develop secondary to excessive vitamin D
intake. Erythromycin, somatostatine, and codeine increase the pressure of the sphincter of Oddi and may thereby induce pancreatitis. Fibrate-induced cholelithiasis may
be responsible for subsequent acute pancreatitis.
The incidence of drug-induced pancreatitis is unknown. Reports to adverse reaction monitoring centers seem to indicate a low incidence of drug-induced pancreatitis,
but as already mentioned, due to underreporting incidence rates cannot be validly
estimated from spontaneous reporting schemes.(14-16) In clinical studies, 1-2% of
acute pancreatitis is attributed to drugs.(9,17,18) This may be an underestimation, as
drugs are often not recognized as a potential cause of acute pancreatitis.

DRUG-INDUCED ACUTE PANCREATITIS IN PERSPECTIVE
In this thesis, we studied drug-induced acute pancreatitis with different pharmaco-epidemiological methods. Spontaneous reporting systems are an excellent tool to generate signals and hypotheses on new associations between drugs and acute pancreatitis.
We showed, however, that these systems cannot be used to draw inferences on individual causal relationships between drugs and acute pancreatitis. The common view
is that this also applies to case-reports described in the medical literature. However, in
particular circumstances it is possible to assess the causal relationship between acute
pancreatitis and an individual drug, based on information provided in case-reports.
The detailed description of multiple patients who experienced a relapse of acute
pancreatitis after controlled re-exposure to for instance mesalazine, azathioprine, or
ACE-inhibitors proves that a definite causal relationship exists between these drugs
and acute pancreatitis.
Guided by our studies on spontaneous reports and our review of the literature, we
were able to quantify the association between five commonly used drug classes and
acute pancreatitis. For many other drugs, exposure was too low to estimate the risk
of acute pancreatitis. This means that future research on drug-induced acute pancreatitis should decide between an even larger field case-control study to increase the
chance of detecting rare drug exposures as a cause, and initiating such studies in large
databases such as the GPRD knowing that control of confounding will be difficult to
achieve. Possibly, there is no real gain in performing such large studies if the expected
incidence of a certain drug-pancreatitis association is low. Then, it may be better to
rely on well-described individual case-histories.
This thesis shows that although some drugs are associated with acute pancreatiDISCUSSION AND SUMMARY

182

IE51.indd 182

04-11-2002, 14:26:09

tis, the clinical impact of drug-induced acute pancreatitis in the general population
is modest. Of course, this tells little about the personal suffering of individuals who
develop this potentially life-threatening adverse reaction. Because of the low incidence, we should rely on spontaneous reporting systems and case-reports in the
medical literature to provide signals on new associations between drugs and acute
pancreatitis. For associations that seem to be relatively frequent, a study in special
patient groups might be initiated. For instance, a case-control study on azathioprineassociated pancreatitis could be nested in a cohort of patients with inflammatory
bowel disease.
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T

he objective of this thesis was to estimate the incidence and mortality of acute
pancreatitis and to study drugs as potential risk factors for acute pancreatitis. We
started our exploration of drug-induced acute pancreatitis by studying reports of druginduced acute pancreatitis notified to spontaneous reporting centres. After a literature
review, we quantified the risk of acute pancreatitis associated with five different drug
classes.

Chapter 1 provides a brief overview of acute pancreatitis and its aetiology, diagnosis,
treatment and pathogenesis.
The incidence and mortality of acute pancreatitis between 1985 and 1995 was
described in chapter 2.1. In this period, there were over 22,000 admissions for acute
pancreatitis in the Netherlands. Of the nearly 10,000 patients with a first attack of
acute pancreatitis between 1985 and 1990, 11% experienced a relapse within 5 years
and 6% developed chronic pancreatitis. The overall incidence of acute pancreatitis
rose from 12.4 per 100,000 person-years in 1985 to 15.9/100,000 person-years in 1995.
The incidence of acute pancreatitis rose in men as well as in women and increased
markedly with age. The incidence of acute pancreatitis was low in children but
increased with age to approximately 20 per 100,000 person-years at the age of 50 and
to approximately 50 per 100,000 person-years in patients aged 80 years and over. The
observed increase in the incidence of acute pancreatitis could not be explained by an
increasing proportion of elderly in the population since the incidence standardised
for age and gender increased from 12.4 per 100,000 person-years in 1985 to 14.8 per
100,000 in 1995. The overall annual mortality rates for acute pancreatitis remained
fairly stable at 1.5/100,000 person-years between 1985 and 1995. The mortality was
very low in children and young adults, but increased rapidly after 30 years of age
to 14.4/100,000 person-years in patients aged 85 years and over. The case-fatality of
first admissions declined from 14.3% in 1985 to 10.7% in 1995, but remained stable
at approximately 3.2% for relapses of acute pancreatitis. The case-fatality increased
rapidly with age up to approximately 35% in patients aged 85 years and over.
In studies based on hospital data, the incidence of acute pancreatitis may be underestimated if not all patients with acute pancreatitis are admitted to hospital. Chapter
2.2 describes a study on the incidence of acute pancreatitis in the general population.
This study was performed in the Integrated Primary Care Information project, a general practitioner’s database in the Netherlands. The total study population comprised
242,451 individuals who contributed a total of 599,368 person-years of experience
to the study. There were 84 patients with a first attack of acute pancreatitis. Biliary
pancreatitis was more frequent in women than in men (46% vs. 35%) while alcoholrelated pancreatitis was more frequent in men than in women (29% vs. 3%). Five
patients died during their first attack of acute pancreatitis. Two patients with definite
pancreatitis were not referred to hospital. The incidence rate - standardised for age
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and gender structure of the Dutch population in 1995 - was 14.2/100,000 person-years,
which was close to the incidence of a first attack of acute pancreatitis in the study
described in chapter 2.1 (13.7 per 100,000 person-years).
Chapter 3 consists of the description and evaluation of reports of drug-induced acute
pancreatitis notified to drug monitoring centres and of reports of drug-induced acute
pancreatitis described in the medical literature.
In chapter 3.1 we studied all reports of drug-induced acute pancreatitis notified to
the Netherlands Center for Monitoring of Adverse Reactions to Drugs and the Netherlands Pharmacovigilance Foundation LAREB between January 1st 1977 and January 1st 1998. In total, 55 reports were notified to these drug monitoring centres. We
obtained additional clinical information from the original reporters for all reports. The
reports were reviewed, as to the probability of the diagnosis of acute pancreatitis, and
the likelihood of a causal relationship with the suspected drug. Eleven reports were
excluded, as we could not confirm the diagnosis of acute pancreatitis. In another ten
reports, the causal relationship between the suspected drug and acute pancreatitis was
considered unlikely. In the remaining 34 case-histories, the causal relationship with
the suspected drug was considered definite in nine, probable in ten, and possible in
15 cases. Based on our algorithm, azathioprine, cimetidine, interferon-α, methyldopa,
metronidazole, olsalazine, and oxyphenbutazon had a definite causal relationship
with acute pancreatitis. The association between interferon-α and acute pancreatitis
was described in more detail in chapter 3.2. To summarize current knowledge, we
performed an extensive literature search on drug-induced acute pancreatitis and its
associated terms (Chapter 3.3). All English, German, French, and Dutch papers on
drug-induced acute pancreatitis were retrieved. The causal relationship between
drugs and acute pancreatitis was assessed according to a pre-specified algorithm that
took into account the time relationship between drug exposure and development of
acute pancreatitis, the absence or presence of other risk factors for acute pancreatitis,
whether or not a rechallenge was performed, and the number of patients described.
In total, over 150 drugs and drug classes have been associated with acute pancreatitis.
According to our algorithm, 14 drugs or drug classes had a definite causal relation
with acute pancreatitis: ACE-inhibitors, 5-ASA, asparaginase, azathioprine, codeine,
didanosine, isoniazid, metronidazole, estrogens, pentavalent antimonials, beta-blockers, sulindac, tetracycline, and valproic acid.
Chapter 4 deals with the quantification of the association between acute pancreatitis
and five different drug classes. We estimated the risk of acute pancreatitis associated
with use of anti-ulcer drugs in the General Practice Research Database (GPRD) in
chapter 4.1. The GPRD is a general practitioners database with medical data on more
than four million inhabitants of the United Kingdom. To diminish potential confoundDISCUSSION AND SUMMARY
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ing by indication and protopathic bias, we selected all patients who received at least
one prescription for an anti-ulcer drug in the period 1992-1997. The total study cohort
consisted of 180,178 patients who received a total of 1,545,921 prescriptions for antiulcer drugs. In this cohort, there were only 36 patients with an idiopathic first episode
of acute pancreatitis. The overall incidence rate of idiopathic acute pancreatitis during
current use of acid-suppressing drugs was 9.9 per 100,000 person years (PY), 7.6 per
100,000 PY for past users, and 4.4 per 100,000 PY for non-users. After adjustment for
age, gender and calendar year the RR was 1.6 for current use and 1.6 for past use of an
acid-suppressing drug. A nested case-control analysis did not show an apparent duration or dose response relationship.
To further explore the association between drugs and acute pancreatitis, a multicentre case-control study was initiated: the European study on drug-induced acute
pancreatitis (EDIP). This study was performed simultaneously in Denmark, Italy, the
Netherlands, Portugal, Sweden, and the United Kingdom. In the studies described
in this thesis, drug use in patients with acute pancreatitis aged 50 to 85 years was
compared to community controls. In these studies, data from Portugal and the United
Kingdom was not used since in these countries no community controls were enrolled.
Among the final 724 cases, 658 were admitted for a first attack of acute pancreatitis.
Three hundred patients had evidence of gallstones and 88 patients had a history of
alcohol abuse or used 5 units or more per day. A total of 1791 community controls
were matched to the 724 cases. A high number of hospitalisations, smoking, high
intake of alcohol, and a history of biliary disease, hyperlipidemia, peptic ulcer disease,
pancreatic disease, and diabetes mellitus were all positively associated with development of acute pancreatitis.
Both spontaneous reports and case-reports suggest an association between ACEinhibitors and acute pancreatitis, some with documented relapse after rechallenge to
these agents. We assessed the risk of acute pancreatitis associated with these agents
in Chapter 4.2. A higher proportion of patients with acute pancreatitis had used ACEinhibitors than controls. Use of an ACE-inhibitor increased the risk of acute pancreatitis with 60%. Although the relative risk estimates varied slightly between individual
ACE inhibitors, the confidence intervals overlapped. The risk of acute pancreatitis was
higher during the first 6 months of therapy (OR 3.3) than in subsequent years (OR 1.4).
There was a positive dose-effect relationship between the daily dose of ACE inhibitors
and acute pancreatitis: OR 1.2 for < 1 DDD, 1.8 for 1-2 DDD, and 3.5 for > 2 DDD.
The risk of acute pancreatitis associated with the use of ACE-inhibitors was higher in
patients without biliary diseases: 2.7. Use of angiotensin receptor blockers was not
associated with an elevated risk of acute pancreatitis (OR 0.9). Use of calcium channel blockers was also significantly associated with acute pancreatitis (OR 1.5). Two
small case-control studies suggested a causal relationship between diuretics and acute
pancreatitis. Our study could not substantiate this: neither loop diuretics, nor thiazide
Summary

189

IE52.indd 189

04-11-2002, 14:26:51

diuretics were associated with an increased risk of acute pancreatitis.
Chapter 4.3 deals with the risk of acute pancreatitis associated with use of different psychotropic drugs. Use of tricyclic antidepressants, serotonin reuptake inhibitors,
and benzodiazepines all showed a modest, non-significantly increased risk of acute
pancreatitis. Short- and long acting benzodiazepines had similar risk estimates for
acute pancreatitis. Use of antipsychotic drugs showed an adjusted odds ratio of 3.0.
The risk of acute pancreatitis associated with antipsychotics was higher in patients
aged 60-85 years (OR 4.1), than in younger patients (OR 1.3).
The risk of acute pancreatitis associated with use of lipid lowering drugs is described
in chapter 4.4. Use of fibrates was associated with an increased risk of acute pancreatitis with an OR of 3.5. The risk of acute pancreatits during use of fibrates seemed
higher in patients aged 60 years and over with an OR of 5.4, and in users of bezafibrate
with an OR of 15.2. Use of HMG-CoA-reductase inhibitors was not associated with an
increased risk of acute pancreatitis. In a subsequent study, the association between
intake of vitamin D and acute pancreatitis was investigated. Use of vitamin D in the
week prior to the index date was associated with an increased risk of acute pancreatitis with an : adjusted OR of 3.5. The risk of vitamin D associated acute pancreatitis
seemed higher in patients without biliairy pancreatitis: OR (24.7), in patients aged 4060 years: OR 10.3, and in users of hydroxylated vitamin D: OR 13.9.
In the general discussion (chapter 5), the findings of the studies in this thesis are discussed against the background of drug safety aspects, strengths and limitations of our
studies, and future perspectives of studies on drug-induced acute pancreatitis.
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D

it proefschrift handelt over de associatie tussen het gebruik van geneesmiddelen
en het ontstaan van acute pancreatitis. De in dit proefschrift beschreven onderzoeken werden uitgevoerd naar aanleiding van meldingen van aan geneesmiddelen
toegeschreven acute pancreatitis, die werden ontvangen door de Sectie Geneesmiddelenbewaking van de Inspectie voor de Gezondheidszorg. Na een beschrijving van deze
meldingen en een uitgebreid literatuuronderzoek werd het risico bestudeerd op het
onstaan van acute pancreatitis na het gebruik van geneesmiddelen uit vijf verschillende groepen.

Hoofdstuk 1 geeft een overzicht van de oorzaken, diagnose, behandeling en pathogenese van acute pancreatitis.
De incidentie en mortaliteit van acute pancreatitis tussen 1985 en 1995 werd
beschreven in hoofdstuk 2.1. Gedurende deze 10-jaars periode werden er circa 22.000
opnames in Nederland toegeschreven aan acute pancreatitis. Van de bijna 10.000
patiënten met een eerste aanval van acute pancreatitis kreeg 11% een recidief in de
eerste vijf jaar en 6% ontwikkelde chronische pancreatitis. De incidentie van acute
pancreatitis steeg van 12,4 naar 15,9 gevallen per 100.000 persoonsjaren. Deze stijging
was zichtbaar bij zowel mannen als vrouwen. De incidentie van acute pancreatitis
nam sterk toe met opklimmende leeftijd. Op de kinderleeftijd was de incidentie zeer
laag maar de incidentie steeg tot 50 per 100.000 persoonsjaren op tachtigjarige leeftijd. De stijgende incidentie van acute pancreatitis kon niet worden verklaard door
een vergrijzende populatie daar de voor leeftijd en geslacht gecorrigeerde incidentie
eveneens steeg tussen 1985 en 1995 (van 12,4 naar 14,8 per 100.000 persoonsjaren).
De mortaliteit van acute pancreatitis bleef stabiel op 1,5 per 100.000 persoonsjaren.
De mortaliteit was laag bij kinderen, maar steeg snel na het 30e levensjaar tot 14,4
per 100.000 persoonsjaren op 85-jarige leeftijd. Ook de letaliteit steeg snel met toenemende leeftijd tot 35% op 85 jarige leeftijd. De letaliteit van patiënten met een
eerste aanval van acute pancreatitis daalde van 14,3% in 1985 naar 10,7% in 1995. De
letaliteit van patiënten met een recidief van acute pancreatitis bleef gelijk op 3,2%.
De hierboven beschreven studie was gebaseerd op ontslaggegevens van ziekenhuizen. Incidentiestudies die gebaseerd zijn op ontslaggegevens kunnen de werkelijke
incidentie onderschatten wanneer niet alle patiënten naar het ziekenhuis worden
verwezen. In hoofdstuk 2.2 wordt een studie beschreven naar de incidentie van acute
pancreatitis welke werd uitgevoerd in een huisartsendatabestand: de ‘Integrated
Primary Care Information project’ (IPCI). Dit betreft geautomatiseerde huisartsengegevens van een populatie van ongeveer 300.000 personen. Middels dit databestand
konden we bepalen welk percentage van de patiënten met acute pancreatitis werd
verwezen naar het ziekenhuis. De totale studiepopulatie betrof 242.451 personen met
een totale ‘follow-up’ tijd van 599.368 persoonsjaren. Er waren 84 patiënten met een
eerste aanval van acute pancreatitis. Acute pancreatitis door galstenen was frequenter
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bij vrouwen dan bij mannen (46 vs. 35%). Acute pancreatitis bij gebruik van alcohol
was daarentegen frequenter bij mannen (29 vs. 3%). Vijf patiënten overleden aan de
aanval van acute pancreatitis. Slechts twee patiënten werden niet naar het ziekenhuis verwezen. De voor leeftijd en geslacht gecorrigeerde incidentie bedroeg 14,2 per
100.000 persoonsjaren, hetgeen overeen kwam met de incidentie die werd beschreven
in hoofdstuk 2.1.
Hoofdstuk 3.1 beschrijft alle meldingen in de periode 1977-1998 van aan geneesmiddelen toegeschreven acute pancreatitis van de Sectie Geneesmiddelenbewaking van
de Inspectie voor de Gezondheidszorg en de stichting LAREB. Gedurende deze jaren
waren er in totaal 55 meldingen van acute pancreatitis. Om de diagnose acute pancreatitis en de causale relatie tussen gebruik van het geneesmiddel en het onstaan van
acute pancreatitis te valideren werd aanvullende klinische informatie opgevraagd bij
de oorspronkelijke melders. In 11 meldingen kon de diagnose acute pancreatitis niet
worden bevestigd. In 10 andere meldingen was de causale relatie tussen het gebruik
van het verdachte geneesmiddel en het ontstaan van acute pancreatitis onwaarschijnlijk. In negen meldingen was de causale relatie zeker. Het betrof de geneesmiddelen
azathioprine, cimetidine, interferon-α, methyldopa, metronidazole, olsalazine en
oxyphenbutazon. De causale relatie was waarschijnlijk in 10 andere meldingen en
mogelijk in de 15 overgebleven meldingen. De associatie tussen het gebruik van
interferon-α en het onstaan van acute pancreatitis werd in meer detail in hoofdstuk
3.2 beschreven. Hoofdstuk 3.3 geeft een literatuuroverzicht over acute pancreatitis
door geneesmiddelen. Alle Engels-, Duits-, Frans- en Nederlandstalige artikelen over
aan geneesmiddelen toegeschreven acute pancreatitis werden beoordeeld op hun causaliteit volgens een vooraf gedefinieerd beslismodel. Meer dan 150 geneesmiddelen
en geneesmiddelgroepen werden met het ontstaan van acute pancreatitis in verband
gebracht. Op basis van het beslismodel hadden 14 geneesmiddelen een zekere causale
relatie met het ontstaan van acute pancreatitis. Het betrof ACE-remmers, 5-ASA, asparaginase, azathioprine, codeine, didanosine, isoniazide, metronidazole, oestrogenen,
pentavalente antimonials, beta-blokkers, sulindac, tetracycline en valproinezuur.
In hoofdstuk 4 wordt de associatie tussen vijf verschillende geneesmiddelengroepen
en acute pancreatitis gekwantificeerd. De associatie tussen het gebruik van maagzuurremmende middelen en acute pancreatitis werd onderzocht in de General Practice
Research Database (GPRD). De GPRD is een geautomatiseerd huisartsenbestand met
de medische gegevens van vier miljoen inwoners van het Verenigd Koninkrijk. Om de
invloed van ‘confounding by indication’ en ‘protopathic bias’ te verminderen, selecteerden we alle patiënten die tussen 1992-1997 tenminste één prescriptie van een
maagzuurremmer kregen. Het studiecohort bestond uit 180.178 patiënten, die in totaal
1.545.921 prescripties ontvingen voor maagzuurremmer. In dit cohort ontwikkelden
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36 personen een eerste idiopathische aanval van acute pancreatitis. De incidentie
bedroeg 9,9 per 100.000 persoonsjaren gedurende het gebruik van zuurremmers en
4,4 per 100.000 persoonsjaren voor personen die nooit zuurremmers hadden gebruikt.
Hoewel de incidentie hoger leek was dit niet statistisch significant: RR 1.6 (95% BI: 0.64.2). Een genest patiënt-controle onderzoek liet geen duur- of dosisrelatie zien.
Om de relatie tussen geneesmiddelen en acute pancreatitis verder te onderzoeken
werd een internationaal patiënt-controle onderzoek verricht: de ‘European study on
drug-induced acute pancreatitis (EDIP)’. Deze studie werd verricht in Denemarken,
Italië, Nederland, Portugal, Zweden en het Verenigd Koninkrijk. Het gebruik van
geneesmiddelen door patiënten met acute pancreatitis werd vergeleken met het
geneesmiddelengebruik van aselect getrokken controlepersonen uit de algemene
populatie. De in dit proefschrift beschreven studies maken alleen gebruik van de
verzamelde gegevens uit Denemarken, Italië, Nederland, Portugal, en Zweden, daar
in de overige landen uitsluitend ziekenhuiscontroles werden verzameld. Van de uiteindelijke 724 patiënten met acute pancreatitis hadden 658 een eerste aanval. Bij
driehonderd patiënten werden galstenen vastgesteld, bij 88 patiënten was sprake
van een te hoog alcoholgebruik. In totaal werden 1791 controlepersonen vergeleken
met de 724 patiënten met acute pancreatitis. Een hoog aantal ziekenhuisopnames,
roken, alcoholmisbruik, en aanwezigheid van galwegziekten, hyperlipidemie, ulcus
pepticum, pancreasziekten en diabetes mellitus in de voorgeschiedenis waren allen
positief geassocieerd met acute pancreatitis.
In de literatuur is meermalen een associatie gesuggereerd tussen tussen het
gebruik van ACE-remmers en het ontstaan van acute pancreatitis. In hoofdstuk 4.2
onderzochten we deze relatie in de EDIP studie. Het gebruik van ACE-remmers in de
week voorafgaand aan opname was geassocieerd met een verhoogd risico op het verkrijgen van acute pancreatitis: OR 1.6 (95% BI:1.1-2.3). Het risico op acute pancreatitis
was het hoogst gedurende de eerste zes maanden van ACE-remmer therapie en nam
toe bij het gebruik van een hogere dosis. Het met ACE-remmers geassocieerde risico
op acute pancreatitis was iets hoger bij patiënten die geen galstenen hadden: OR 2.7
(95% BI: 1.3-5.8). Het gebruik van ATII receptor blokkers verhoogde het risico op
acute pancreatitis niet. Twee kleine patiënt-controle onderzoeken die werden uitgevoerd in de jaren zeventig suggereerden een verband tussen het gebruik van diuretica
en acute pancreatits. In deze studie kon geen verband worden aangetoond tussen
acute pancreatitis en het gebruik van thiazide- of lisdiuretica. Wel leek er een verband
te zijn tussen het gebruik van kaliumsparende diuretica en acute pancreatitis.
Hoofdstuk 4.3 beschrijft een studie waarbij de relatie tussen het gebruik van psychotrope middelen en het ontstaan van acute pancreatitis werd onderzocht. Gebruik
van tricyclische antidepressiva, serotonine re-uptake inhibitors en benzodiazepines
hadden allen een klein en niet-significant verhoogd risico op acute pancreatitis.
Gebruik van antipsychotica daarentegen verhoogde het risico op acute pancreatitis
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met een factor 3. Dit verhoogde risico leek meer uitgesproken bij oudere patiënten
(OR 4.1).
Het verband tussen het gebruik van lipideverlagende geneesmiddelen en het
optreden van acute pancreatitis wordt beschreven in hoofdstuk 4.4. Fibraten waren
geassocieerd met een verhoogd risico op acute pancreatitis met een OR van 3.5. Het
risico op acute pancreatitis tijdens het gebruik van fibraten leek hoger bij ouderen (OR
5.4), en bij gebruikers van bezafibrate (OR 15.2). Gebruik van HMG-CoA-reductase
remmers was niet geassocieerd met een verhoogd risico op acute pancreatitis.
In hoofdstuk 4.5 onderzochten we de relatie tussen het gebruik van vitamine D
en het ontstaan van acute pancreatitis. Gebruik van vitamine D was geassocieerd
met een verhoogd risico op acute pancreatitis met een OR van 3.5. Het risico van aan
vitamine D toegeschreven acute pancreatitis leek relatief hoog bij oudere patiënten
met een OR van 10.3, en bij gebruikers van gehydroxyleerd vitamine D met een OR
van 13.9.
In hoofdstuk 5 worden de studies samengevat en worden de verschillende methodologische aspecten besproken. Voorts wordt in dit hoofdstuk het onderwerp acute
pancreatitis door geneesmiddelen in perpectief geplaatst.
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elen ben ik dank verschuldigd voor hun hulp bij het tot stand komen van dit proefschrift. In onderstaande niet random getrokken steekproef wil ik enkele van hen
speciaal bedanken.
Beste Bruno, onze jaren van samenwerking waren een belevenis. Niet snel zal
ik jouw eerste woorden vergeten: “Ik ben Bruno Stricker en jij komt bij mij werken”.
En zo geschiedde het, hoewel de financiering van het onderzoek verre van rond was.
Samen hebben we de financiering rond gekregen en het proefschrift vorm gegeven,
waarbij jouw optimistische instelling mijn soms wat pessimistische inslag ruimschoots
compenseerde. Ik vind het dan ook prachtig dat jij mijn promotor kan zijn.
Beste professor Wilson, ons overleg was niet frequent, wel zeer efficiënt. Op de
achtergrond hield u de lijn van het proefschrift in de gaten en gaf u de klinische ‘touch’
aan de manuscripten. Ook wil u danken voor uw hulp bij mijn eerste schreden op het
interne pad.
Lieve Miriam, jouw komst was een impuls voor de hele farmaco-epi groep. Helaas
is van onze plannen een grote internationale farmaco-epidemiologische database op
te bouwen weinig terecht gekomen. Plotse invoering van een rigide privacy wetgeving
en niet nagekomen toezeggingen stonden onze ambities in de weg. Ik hoop dat we ook
in de toekomst onze discussies met een lach, voortkomende uit jouw pure epidemiologische houding en mijn ietwat gemende epidemiologische/klinische houding, voort
kunnen zetten. Ik wens jou en Gino veel geluk met Tom.
I would like to thank all members of the EDIP study group (M. Andersen, Prof. L.
Gram, Prof. M.J.S. Langman, Prof. sir. M.D. Rawlins, Prof. B.H.Ch. Stricker, Prof. T.
Teixeira, Prof. G. Velo, B.-E Wiholm). Dear Beje, as study co-ordinator your role in the
EDIP study was essential. I thank you for giving me the opportunity to analyse the
EDIP data and prepare the EDIP manuscripts. I much enjoyed our discussions regarding EDIP and non-EDIP subjects. I hope your scientific work will be as creative at
Merck as it was at the Karolinska Institute and the Medical Products Agency.
Dear Anders, I would like to thank you for your splendid ‘IT’ assistence during the
whole EDIP period. If it wasn’t for your CCNET software, EDIP data accumulation
would have been a mess. Even the distance Uppsala-Rotterdam did not hamper your
ability to solve computer problems on the spot. Much more I would like to thank you
for our co-operation in the analysis of the EDIP data and your hospitality during my
visits to Sweden. May many papers from our hand reach the medical literature.
Dear professor Langman, I thank you for your extensive work on the validation of
the EDIP cases.
Loni Ledderer, Anne Lee, Ugo Moretti, Ingrid Posthumus, Jaap van Reeuwijk,
Flavio Reis, Lotta Arnesson, Elisabet Ekman, Elisabet Stjernberg, Kerstin Blömgren,
and Teresa Murphy, many thanks for the enormous work load that you performed in
collecting the data.
Het Nederlandse deel van de EDIP studie had niet verricht kunnen worden zonder
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de uitstekende samenwerking met de ziekenhuizen in de regio Rijnmond. Met
name wil ik onze contactpersonen binnen de afdelingen Inwendige Geneeskunde,
Heelkunde en Klinische Chemie bedanken: dr. B.G. Blijenberg, dr. A.G.C. Bauer, dr.
C.K. Jongsma, W.C.H. van Helden, dr. C.J. van Steensel, dr. R.J.Th. Ouwendijk, dr.
R. Oosterom, dr. J.F. Lange, dr. A.F. Grootendorst, M.G.M. van Wilgenburg, dr. J.W.
Janssen, dr. H.S.L.M. Tjen, dr. J.C.J. Wereldsma, dr. P.L. Batenburg, M.J. Mantel, dr.
R.W. Wulkan, dr. M.K.M. Salu, S.W. van Leeuwen, dr. S.G.T. Hulst, A.A. Schaftenaar,
N.M. Kramer, L. Rijk, C.M.A. Geers, A.J. van Beek, C.P. Modder, E.Th. Hermans, dr. H.
Geldof, dr. F.E.A.M. Verheul, dr. R.N. Idema.
Bovenal gaat mijn dank uit naar de vele patiënten en controlepersonen die geheel
vrijblijvend en kosteloos hebben meegewerkt aan de EDIP studie.
Dear dr. García Rodríguez, many thanks for giving me the opportunity to analyse
and prepare the manuscript for our anti-ulcer drug study. I much appreciated our
co-operation. I have never met anyone who can match your speed. The time between any question from my side and your response has never been more than a few
hours.
De afdeling Medische Informatica van het Erasmus MC wil ik hartelijk bedanken
voor de mogelijkheid om gebruik te kunnen maken van de IPCI database. Met name
wil ik Mees, Albert en Johan bedanken voor hun hulp bij het wegwijs worden in de
IPCI database.
Ria en Jannie wil ik hartelijk bedanken voor ondersteuning bij verschillende van
mijn studies. Met name jullie hulp bij het achterhalen van artikelen die niet in onze
Medische Bibliotheek beschikbaar waren was onmisbaar. Ook jullie niet aflatende
ijver in het achterhalen van Bruno’s verblijfplaats is onovertroffen.
I thank Marijke Rasch, Frank Bekkering, Hans Brouwer, Jean Delwaide, Jacques
Belaiche, and Ghislain Houbiers for their co-operation in the article on interferonassociated acute pancreatitis. I thank Michel Biour for his help in completing the
search for references on drug-induced acute pancreatitis. Eugène van Puijenbroek,
samenwerking tussen de Stichting Lareb en de Sectie Geneesmiddelenbewaking van
de Inspectie voor de Gezondheidszorg zorgde voor een groter aantal meldingen van
acute pancreatitis door geneesmiddelen in onze studie. Mijn dank voor de prettige
samenwerking.
Alle medewerkers van het oude Laboratorium Inwendige Geneeskunde II bedank
ik hartelijk voor hun gastvrijheid en vooral voor de gezelligheid gedurende alle koffiepauzes, vrijdagmiddagbiertjes, verjaardagen, labdagen, etc. Ondanks het gebrek
aan labwerkzaamheden mijnerzijds heb ik me altijd prima thuis gevoeld op het lab.
Felix, Wim (2x), Annie, Trinet, Martin, Darcos, Jeanette, Gardi en Rita, jullie laatse
verhuizing komt eraan. Ik hoop dat jullie onder ’metabole’ vlag weer het plezier en het
succes van weleer zullen hervinden.
Jeanne en Fernie, veel tijd hebben we doorgebracht in onze oude bezemkast, ingeDANKWOORD
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klemd tussen de toiletten. Hoewel volgens de ARBO dienst geschikt voor 1 persoon,
lag de gemiddelde kamerbezetting over de gehele onderzoeksperiode toch zeker
boven de 3,5. Ik had het met niet veel anderen dan jullie kunnen uithouden. Ook de
andere leden van onze al maar uitdijende farmaco-epidemiologie groep dank ik voor
alle gezelligheid: Hans, Bas, Melanie, Paul, Annette, Gysèle, Bert, Georgio, Mariëtte,
Sabine, Loes, Bettie, Cornelis, Katia en Geert. Met name mis ik de soms heftige wekelijkse artikelbesprekingen.
Ingrid en Jaap, samen hebben wij het Nederlandse deel van de EDIP studie voor
onze rekening genomen. Ik dank jullie voor de vele telefoontjes, interviews en ziekenhuisbezoeken die we samen hebben verricht.
Mijn paranimfen Jeanne en Kees Jan zijn geweldig.
Mijn ouders, Rien en Yvonne, zijn er altijd voor mij geweest en zullen dat nog heel
lang zijn. Bedankt.
Belangrijker dan promotie, opleiding, of wat dan ook zijn Iris, Sanne en Timo. Hen
dank ik iedere dag.
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