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Drugs are a relatively rare cause of acute pancreatitis, with an estimatedAbstract
incidence of 0.1–2%. Many drugs have been suspected of causing pancreatitis, but
the true incidence is not known as the evidence is derived mainly from random
case reports. Case reports with the strongest evidence are those that clearly
diagnose pancreatitis and exclude common aetiologies, provide the dose and time
interval between the start of treatment with the suspected drug and the develop-
ment of pancreatitis, document response to withdrawal of the drug, and demon-
strate recurrent pancreatitis upon rechallenge with the drug. Few data exist on the
mechanisms of drug-induced pancreatitis. Certain subpopulations such as chil-
dren, women, the elderly and patients with advanced HIV infection or inflamma-
tory bowel disease may be at higher risk. The diagnosis of drug-induced
pancreatitis is often challenging because there are no unique clinical characteris-
tics to distinguish drugs from other causes of pancreatitis. The majority of cases
are mild, but severe and even fatal cases may occur, thus making identification of
the offending agent critical. Management of drug-induced acute pancreatitis
requires withdrawal of the offending agent and supportive care. Prevention of
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drug-induced pancreatitis requires an up-to-date knowledge of drugs that have the
strongest evidence linking their use to the development of pancreatitis as well as
the proposed mechanisms through which they may cause the reaction. In this
paper, the epidemiology, diagnosis, management and prevention of drug-induced
pancreatitis is reviewed. Drugs and classes of drugs strongly implicated as causing
acute pancreatitis, based on well documented case reports, are discussed in detail.

Acute pancreatitis is a severe disease with an well documented case reports, are discussed in de-
overall mortality of approximately 5%, though in tail.
subpopulations with necrotizing pancreatitis and in-

1. Literature Search Methodologyfected necrosis, mortality may be as high as 17%
and 30%, respectively.[1] The most common aetiolo-

A MEDLINE search (1950–2007) of the Englishgies are excessive alcohol use and gallstone disease,
language literature was conducted using the searchcomprising 70–80% of all cases. Other aetiologies
terms ‘drug-induced pancreatitis’ and ‘x and pan-include autoimmune disease, iatrogenic injury, in-
creatitis’, where ‘x’ was the name of any drug thatflammatory bowel disease, infections, inherited dis-
has been proposed to cause pancreatitis based onorders, neoplasia, structural abnormalities, toxins,
previous clinical reviews.[6-11] The references intrauma, ischaemia and some drugs.[2] Drug-induced
these papers were used to obtain additional casepancreatitis is remarkably rare, given the large num-
reports. Case reports were considered well docu-ber of drugs prescribed. Due to its rarity and the lack
mented if they met the criteria established by Mallo-of unique clinical characteristics, the true epidemiol-
ry and Kern.[6] These criteria stipulate that pancrea-ogy and risk factors for drug-induced pancreatitis
titis develops during treatment with the drug, re-remain unknown, and diagnosis of this adverse ef-
solves upon discontinuing the drug, recurs upon re-fect is challenging.
administration of the drug, and other likely causes of

The first cases of drug-induced pancreatitis were
pancreatitis are not present. Additionally, case re-

reported with chlortalidone and cortisone in the
ports were required to contain adequate criteria for

1950s.[3,4] Since then, over 500 medications have
the diagnosis of pancreatitis.[1] These case reports

been associated with pancreatitis,[5] and the list con-
are considered to provide the best evidence for drug-

tinues to expand. Most of the evidence comes from
induced pancreatitis and are further discussed in

random case reports. These reports are often incom-
section 6. For a number of commonly used drugs,

plete, with inadequate data regarding drug dose,
such as corticosteroids, furosemide and omeprazole,

latency between initiating the drug to development
the available case reports fail to meet criteria estab-

of pancreatitis and exclusion of other common
lished by Mallory and Kern and are therefore not

causes. Many case reports do not meet sufficient
discussed in this paper. Extensive reviews of drug-

criteria to diagnose acute pancreatitis, and most do
induced pancreatitis have been published recently,

not provide evidence of rechallenge with the drug.
highlighting both common and uncommon drugs

Furthermore, random case reports are subject to
that may cause pancreatitis.[7-12] Drug classes and

selection and publication bias. Selection bias is in-
individual drugs frequently associated with pancrea-

fluenced by the reporting and prescribing behav-
titis are listed in table I.

iours of clinicians. Publication bias may be present
because the more severe adverse reactions are re- 2. Epidemiology
ported, whereas many cases of mild pancreatitis
may not be reported or come to clinical attention. Determining the true incidence of drug-induced

In this paper, the epidemiology, diagnosis, man- pancreatitis is difficult because of the lack of ade-
agement and prevention of drug-induced pancrea- quate and consistent reporting. Epidemiological
titis are reviewed. Drugs and classes of drugs strong- studies suggest an overall incidence of
ly implicated as causing acute pancreatitis, based on 0.1–2%,[127-131] and that the risk may be increas-
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Table I. Drugs commonly associated with acute pancreatitis

Class Drug

Cardiovascular

ACE inhibitors Enalapril,[13,14] lisinopril,[15,16] ramipril[17]

Angiotensin receptor blockers Losartan[18,19]

Centrally acting Methyldopa[20,21]

Loop diuretics Furosemide[22,23]

Thiazide diuretics Chlorothiazide,[24] hydrochlorothiazide[25]

Antiarrhythmics Amiodarone[26]

HMG-CoA reductase inhibitors Simvastatin,[27,28] pravastatin,[29] fluvastatin[30]

Other cholesterol-lowering drugs Bezafibrate[31]

Antimicrobials

Antibacterials Tetracycline,[32,33] metronidazole,[34,35] dapsone,[36] cotrimoxazole,[37,38] nitrofurantoin,[39,40]

clarithromycina[41-43] erythromycina[44-49]

Antituberculars Isoniazid[50-53]

Antivirals Nelfinavir,[54] lamivudine,[55] didanosine,[56,57] interferon/ribavirina[58-63]

Others Pentamidine,[64,65] sodium stibogluconate,[66] meglumine antimonate[67]

Gastrointestinal

Acid suppressants Omeprazole[68]

Inflammatory bowel disease drugs Azathioprine,[69-71] mercaptopurine,[72] aminosalicylates (mesalamine,[73-76] olsalazine,[77]

sulphasalazine[78])

Neuropsychiatric

Anticonvulsants Valproic acid[79-81]

Antipsychotics Clozapinea[82-90]

Hormone-related

Estrogens Conjugated estrogens,[91-93] clomifene,[94,95] premarin,[96] tamoxifena[97-102]

Anti-thyroid Thiamazole,[103] carbimazole[104]

Oncological

Alkylating agents Ifosfamide[105]

Antimetabolites Cytarabine[106-108]

Other Asparaginasea[109-116]

Analgesics

Opioids Codeine[117]

NSAIDs Sulindac[118-120]

Other Marijuana,[121,122] isotretinoin,a[123-125] propofol[126]

a No case reports with rechallenge.

ing.[131] Certain patient populations may be at in- tion have a high incidence (14%) of pancreatitis.[132]

This is believed to be multifactorial, with infection,creased risk (table II). Extremes of age may be a risk
neoplasm, gallstones, use of some drugs and otherfactor for development of drug-induced pancreatitis.
factors possibly contributing. Patients with in-Drugs are often implicated in children as a cause of

pancreatitis because this population is an otherwise
low-risk group for developing pancreatitis. The eld-
erly may be an at-risk group, though it is often
difficult to diagnose in this population because of
polypharmacy and multiple co-morbidities. Women
may have a higher rate of drug-induced pancreatitis
based on epidemiological studies,[130,131] though the
reason is unclear. Patients with advanced HIV infec-

Table II. Risk factors for drug-induced pancreatitis

Paediatric population

Female sex

Elderly patients taking multiple medications

Advanced HIV disease with CD4 counts <200 cells/mm3

Inflammatory bowel disease

Cancer chemotherapeutic agents

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (10)
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flammatory bowel disease may be at increased risk ing of oxygen saturation, and relief of abdominal
of drug-induced pancreatitis, but this subgroup of pain with a parenterally administered narcotic med-
patients are also believed to have a higher risk of ication. Patients with signs of organ dysfunction,
pancreatitis in general.[133] Patients do not seem to such as sustained hypoxaemia, hypotension refrac-
have a higher predisposition to allergic disorders or tory to intravenous fluids, renal insufficiency that
drug reactions.[12] Mortality rates of 9–15% have does not respond to fluid boluses and mental status
been reported in some series,[130,131] though this rate changes should be transferred to an intensive care
is likely inflated due to selection bias. unit for closer observation and management. Pa-

tients with significant abdominal pain, distention,
3. Diagnosis nausea and vomiting should avoid oral intake until

their symptoms and overall clinical course im-
The diagnosis of drug-induced pancreatitis is oft- proves, which in most cases takes 3–7 days. In more

en difficult to make because there are no unique severe cases of pancreatitis, nutritional support may
clinical, biochemical or radiological features to dis- be needed, particularly when it becomes clear that
tinguish this aetiology of pancreatitis from other the patient will not be able to eat for more than 7
causes of pancreatitis. Furthermore, data regarding days. If feasible, enteral nutrition should be given in
the mechanisms through which drugs cause pan- preference to parenteral nutrition.[1]

creatitis are limited, with few animal studies. The
first step is to confirm the diagnosis of pancreatitis. 5. Prevention
This requires two of the following three features:

It must be kept in mind that drug-induced pan-(i) abdominal pain characteristic of acute pancrea-
creatitis is a rare phenomenon, despite the largetitis; (ii) serum amylase and/or lipase ≥3 times the
number of drugs available today. In an asymptomat-upper limit of normal; and (iii) characteristic find-
ic individual, routine monitoring of serum pancreat-ings of acute pancreatitis on CT scan.[1] A careful
ic enzymes, particularly amylase, and discontinuingclinical evaluation should be performed to exclude
a medication because of transient hyperamy-other common aetiologies of pancreatitis. Important
lasaemia is not recommended. Serial abdominal im-information from the history should include alcohol
aging is also not advocated.[12] Prevention of drug-use, biliary tract disease or gallstones, abdominal
induced pancreatitis consists largely of recognitionsurgery, personal or family history of pancreatitis,
of which drugs have the strongest evidence for beingrecent abdominal trauma, and weight loss. A careful
causally associated with pancreatitis, the identifica-review of current medications and their duration of
tion of high-risk groups, maintenance of a highuse should be obtained. Blood tests within the first
index of suspicion, and withdrawal of the offending24 hours should include liver function tests, and
agent immediately when pancreatitis is suspected. Acalcium and triglyceride levels. An abdominal ultra-
knowledge of the possible mechanisms of drug-sound should be obtained on admission to assess for
induced pancreatitis may be helpful in the preven-gallstones. Contrast-enhanced CT scan, preferably a
tion of this adverse reaction. For example, for drugsthin-section multidetector-row CT scan, can be
known to induce hypertriglyceridaemia, monitoringhelpful in determining the aetiology of pancreatitis
serum triglyceride levels may be useful. Other pro-if the clinical history is unrevealing.
posed mechanisms include hypersensitivity reac-
tion, pancreatic duct constriction, immunosuppres-4. Management
sion, osmotic or metabolic effects, vascular throm-

In addition to evaluating for the more common bosis, direct cellular toxicity, accumulation of toxic
causes of acute pancreatitis, drugs should also be metabolites and hepatic involvement.[134] Cases be-
considered. It is crucial that suspected drugs be lieved to be due to an idiosyncratic drug reaction are
discontinued immediately to prevent any ongoing difficult to prevent because they are not predictable,
pancreatic injury. Further management should con- are not dose-dependent, occur in susceptible patients
sist of aggressive intravenous fluid replacement, only, and cannot be explained by a known mecha-
frequent checking of vital signs including monitor- nism of action of the drugs. These types of reaction

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (10)
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are usually detected after the drug has been ap- ciated with use of enalapril,[13,137] ramipril[145] and
proved for general use. lisinopril[141] have also been reported.

The question of whether to re-institute a drug Angiotensin receptor antagonists, which have an
after a bout of suspected drug-induced pancreatitis improved adverse effect profile compared with ACE
requires a benefit-risk analysis of the drug and the inhibitors, have also been associated with pancrea-
patient’s medical condition. Rechallenge can only titis.[18,19,148] Two cases involving the use of losartan
be ethically justified if there are no alternative medi- with rechallenges have been published.[18,19] In each
cations available, as is the case with many chemo- case, the dosage was 50 mg daily, with a latency of
therapeutic agents, and/or if the potential benefits 3 and 7 days before the onset of pancreatitis and
outweigh the risks. In such cases, informed consent subsequent withdrawal of the drug. Upon rechal-
should be obtained prior to the rechallenge. If the lenge, recurrent pancreatitis occurred within 1–3
risks outweigh the benefits, then the offending agent days. Both cases of pancreatitis were mild. Interest-
and drugs within the same class should not be rein- ingly, in one case report enalapril had been discon-
troduced. tinued due to pancreatitis, before losartan was start-

ed. The patient subsequently developed pancreatitis
twice with losartan,[19] which is suggestive of a class6. Drugs Strongly Implicated as Causing
effect.Acute Pancreatitis

One proposed mechanism of action of ACE in-
hibitor-associated pancreatitis is angioedema of the

6.1 ACE Inhibitors and Angiotensin pancreatic duct secondary to interference with the
Receptor Antagonists kallikrein-kinin system, causing decreased degrada-

tion of kinins. However, angiotensin receptor ant-ACE inhibitors are one of the most commonly
agonists do not directly interact with the kallikrein-prescribed classes of medication, as they are used
kinin system[149] and their mechanism of action infor hypertension, heart failure and proteinuria. The
causing pancreatitis is not known. The pancreaticfirst reported case of ACE inhibitor-induced pan-
microcirculation and ductal anion secretion are in-creatitis was seen with enalapril.[135] In addition to
fluenced in a paracrine or autocrine way by theenalapril,[13,14,136,137] there have been case reports of
pancreatic renin-angiotensin system.[150] ACE inhib-other ACE inhibitors associated with pancreatitis,
itors and angiotensin receptor blockers may disruptincluding captopril,[138,139] lisinopril,[15,16,140-143]

the physiology of this system, causing pancrea-quinapril,[144] ramipril[17,145] and perindopril.[146] In
titis.[14] There is no evidence that ACE inhibitor orone case-control study, the use of ACE inhibitors
angiotensin receptor blocker-induced pancreatitis iswas associated with an increased risk of acute pan-
a class effect. However, once a patient developscreatitis, with an odds ratio of 1.5. The risk in-
pancreatitis secondary to one of these medications,creased with higher daily doses and was highest
rechallenge should not be attempted. Though pan-during the first 6 months of therapy.[147] At least two
creatitis is presently regarded as a rare adverse effectwell documented cases of enalapril-induced acute
of these medications, the number of cases is likely topancreatitis recurring with rechallenge have been
increase, given their increasing use in medicine.reported.[13,14] The dosage of enalapril was 10–20

mg/day. Latency between initiating enalapril and 6.2 HMG-CoA Reductase Inhibitors
onset of pancreatitis ranged from 5 weeks to 1 year,
with positive rechallenge occurring within 6 hours HMG-CoA reductase inhibitors (‘statins’), are
to 10 days. Cases of recurrent pancreatitis with the first-line medications prescribed for the treat-
lisinopril[16] and ramipril [17] have also been report- ment of dyslipidaemia. Acute pancreatitis has been
ed. In general, most cases of ACE inhibitor-induced reported with simvastatin,[27,28,151,152] fluvastatin,[30]

pancreatitis occur early after initiating the med- atorvastatin,[153-155] rosuvastatin,[155] lovasta-
ication. The majority of case reports had a mild tin[156,157] and pravastatin.[29,158] There have been
outcome with rapid resolution upon discontinuing over 53 case reports of pancreatitis following use of
the ACE inhibitor. However, severe cases asso- statins.[159] Based on a review of observational stud-

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (10)
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ies on statin use[5,160] and development of pancrea- ting of young patients being treated for non-gono-
titis, an odds ratio of 1.41 was calculated for patients coccal urethritis or facial acne.[32,33,166] Two of the
who had used statins in the past year.[159] Two case cases had documented rechallenges.[32,33] The dos-
reports with well documented rechallenges have ages ranged from 1 to 2 g daily. Latencies ranged
been published. [27,29] With pravastatin, the patient from 5 days to 2 months, with recurrent pancreatitis
developed a mild case of pancreatitis after taking upon rechallenge seen within 4 days to 3 months.
pravastatin 20 mg for 6 months. Within 3 days of a All cases of pancreatitis were mild. One review of
rechallenge with 40 mg daily, the patient developed drug-induced pancreatitis suggested the mechanism
a recurrent mild episode of pancreatitis.[29] Similar- of action involved the accumulation of a toxic me-
ly, a patient developed pancreatitis after taking tabolite,[167] though no metabolite has been identi-
simvastatin 20 mg daily for 6 months. Symptoms fied to date. It is also unclear if the related antibio-
improved promptly upon discontinuation, but re- tics, minocycline and doxycycline, are associated
curred within 7 days of restarting simvastatin. The with a similar adverse effect.
second episode was more severe than the first.[27]

6.4 MetronidazoleThe large majority of cases reported in the literature
have been mild.[155]

Metronidazole was first introduced in 1959. It
The strategy of using lower doses of statins to has been used for various gynaecological and para-

prevent or reduce the severity of adverse reactions is sitic infections, amoebiasis, pseudomembranous co-
not likely to prevent pancreatitis, as this has been litis, Helicobacter pylori infections, anaerobic bac-
shown to occur at either low or high dosages. The terial infections, and Crohn’s disease. There have
duration of treatment is likely to be more important been nine case reports of metronidazole-induced
in the development of pancreatitis than the dose.[159]

pancreatitis.[34,35,130,168-173] One study estimated the
Pancreatitis rarely occurs early in the course of statistical occurrence rate of metronidazole-induced
treatment, with the risk being the lowest during the pancreatitis requiring hospitalization was 3.9/10 000
first 3 months of therapy.[160] Statin-induced pan- prescriptions, or 4.6/10 000 recipients.[174] The diag-
creatitis may be a class effect, as one study showed nosis of mild cases not requiring hospitalization is
recurrent pancreatitis despite switching statins.[155]

difficult to make, as nausea, vomiting and abdomi-
The mechanism of statin-induced pancreatitis is not nal cramping are known adverse effects of metroni-
known, though drug interactions are thought to play dazole. There have been two well documented cases
a role.[16] Clinicians should keep the possibility of of metronidazole-induced pancreatitis with positive
statin-induced pancreatitis in mind when evaluating rechallenge.[34,35] In one case the patient was inad-
a patient on these medications who develops abdo- vertently prescribed metronidazole three times, and
minal pain of unknown aetiology. As the use of subsequently developed mild pancreatitis each time,
statins continues to increase, the adverse effect of within 12–24 hours of ingestion.[35] In the second
acute pancreatitis may be detected more frequently. case, a patient developed mild pancreatitis four

times, within 3–7 days of ingesting metronidazole.6.3 Tetracycline
The dosage in both of these studies was 250 mg

Tetracycline was initially noted to be associated three times daily. All cases in the literature have
with pancreatitis in patients with acute fatty liver of shown a mild and self-limiting course. Interestingly,
pregnancy.[161] Similar reports of tetracycline-asso- all except one of the cases reported have involved
ciated fatty liver disease with pancreatic dysfunc- females.[173] None of the reported cases in the litera-
tion, particularly with large intravenous doses, have ture have been associated with eosinophilia or drug
been described in both pregnant and non-pregnant rash. The mechanism of action of metronidazole-
women.[162-165] However, there have been no reports induced pancreatitis is unknown, though metronida-
of intravenous tetracycline-induced pancreatitis in zole is known to diffuse into the pancreas,[175] sug-
the absence of liver disease. gesting a possible direct toxic effect of free radicals

Cases of oral tetracycline-induced pancreatitis on pancreatic secretory cells.[34,170] The clinician
without liver disease have been reported in the set- should be well aware of this potential adverse reac-
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tion to metronidazole, given its increasing use in days in both cases. The majority of cases reported in
treating Clostridium difficile colitis. the literature were mild, although reports of severe

forms have been published.[182,187,188]

6.5 Isoniazid In one study, 98% of patients developed elevated
amylase and lipase during treatment with

Isoniazid is the treatment of choice for chemo- stibogluconate, with almost 50% developing clinical
prophylaxis and part of the first-line treatment for symptoms of pancreatitis. However, the majority of
tuberculosis. Isoniazid-induced pancreatitis was patients were able to continue the medication to
first reported in 1975,[176] and there have been seven completion of therapy,[66] a phenomenon that was
additional case reports in the literature,[50-53,177-179]

noted in other reported cases as well.[183,184] This
some with well documented rechallenge.[50-53] The suggests that in otherwise healthy patients who are
dosage most commonly associated with pancreatitis asymptomatic, sodium stibogluconate may be con-
is 300 mg/day, though pancreatitis with 200 mg/day tinued, while monitoring amylase and lipase levels
has also been seen. In these case reports, latency and noting any clinical signs or symptoms of pan-
from initiation of isoniazid to development of pan- creatitis. If amylase or lipase levels increase rapidly,
creatitis ranged from 11 to 21 days. After rechal- or if patients develop abdominal pain typical of
lenge, pancreatitis recurred from 6 hours to 21 days. pancreatitis, the medication should be stopped.
Pancreatitis secondary to isoniazid is likely to be a Once symptoms improve and serum amylase and
hypersensitivity reaction.[51] Most cases of iso- lipase levels decrease, a rechallenge has been pro-
niazid-induced pancreatitis have a mild outcome. It posed.[66] One study suggested a shorter course of
should be noted that pancreatitis occurring during therapy may be as effective and less toxic in treating
the treatment of tuberculosis is often attributed to cutaneous leishmaniasis.[186] However, given the
rifampicin[180,181] or antiretroviral drugs,[181] leading availability of alternative drugs to treat leishmania-
to discontinuation of these drugs instead of iso- sis – such as amphotericin B, allopurinol in combi-
niazid. Therefore, it is important to recognize iso- nation with ketoconazole, paramomycin and
niazid as a potential cause of pancreatitis. miltefosine – selection of one of these agents would

be a more appropriate choice, especially given the
6.6 Pentavalent Antimony high rates of resistance to antimonials in certain
(Sodium Stibogluconate regions of the world, including North West India,
and Meglumine Antimonate) Bangladesh, Brazil and Sudan.[189]

Pentavalent antimonial drugs, sodium stiboglu- 6.7 Azathioprine and Mercaptopurine
conate and meglumine antimonate are commonly
used to treat leishmaniasis. The first reports of sodi- The first reports of azathioprine-induced pan-
um stibogluconate- and meglumine antimonate-as- creatitis were seen in renal transplant patients.[190]

sociated pancreatitis were in 1979[182] and 1993,[67] Since then, both azathioprine and its metabolite
respectively. Pancreatitis associated with use of pen- mercaptopurine have been frequently associated
tavalent antimonial drugs is the fourth most reported with pancreatitis. Over 86 cases of azathioprine-
example of drug-induced pancreatitis in the litera- induced pancreatitis and 59 cases of mer-
ture.[10] Many reports have involved renal transplant captopurine-induced pancreatitis have been reported
patients or patients with HIV infection, though a in the literature.[10] The majority of cases have been
large percentage of cases have also occurred in reported in patients with inflammatory bowel dis-
otherwise healthy  patients  with  leishmania- ease.[69-72,191-196] Azathioprine-induced pancreatitis
sis.[66,183-186] Two well documented cases with was first seen in patients with Crohn’s disease in
rechallenge have been reported.[66,67] The dosage of 1972.[191] In the National Cooperative Crohn’s Dis-
each antimonial was 20 mg/kg/day. Latency be- ease Study, 5% of patients treated with azathioprine
tween initiation of drug and onset of clinical pan- developed pancreatitis, all within 21 days of initiat-
creatitis ranged from 3 to 7 days in each of these ing the medication.[192] In a study of mercaptopurine
cases. Recurrence upon rechallenge occurred in 4 for the treatment of inflammatory bowel disease, 3%
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of patients developed pancreatitis. All but one of the of increasing pancreatic duct permeability.[204]

cases occurred within 2 weeks of initiating the drug. Switching between sulfasalazine and other 5-ASA
Seven patients were rechallenged, including some formulations does not prevent recurrent pancreatitis
patients with one-eighth the usual dose, or 6 mg, and from developing.[77,205]

all developed recurrent pancreatitis within hours to
6.9 Valproic Acid2 weeks.[194]

The strongest case reports for a link between
Valproic acid is used for various types of epilep-these related immunomodulator medications and

sy, bipolar disorder, neuropathic pain, and migrainepancreatitis were seen in those with a documented
prophylaxis. The first reported case of valproic acid-rechallenge.[69-72] The doses varied from 50 to
induced pancreatitis was in 1979,[206] and over 80150 mg daily. Latency from ingestion of medication
cases have been reported since then in the litera-to development of pancreatitis ranged from 3 to 4
ture.[10] The paediatric population accounts for 75%weeks, with recurrence of pancreatitis after rechal-
of reported cases,[11] a population in which pancrea-lenge occurring within hours to 2 days. All cases
titis is otherwise rare. Three well documented casewere mild, with recovery times of 1–11 days. The
reports with rechallenge data have been pub-rapidity of recurrent pancreatitis suggests that the
lished.[79-81] Dosages were 1.5–2 g daily. Latencymechanism of toxicity is likely an idiosyncratic re-
ranged from 3 months to 17 months, with recurrentaction. It may be immunological, or possibly meta-
pancreatitis upon rechallenge in 6–12 weeks. Therebolic, such as by inhibiting the intracellular mechan-
have been some reported cases of pancreatitis occur-isms involved in acinar cell secretion. Azathioprine
ring after many years of valproic acid therapy.[207,208]

and mercaptopurine should not be reintroduced once
Pancreatitis is usually mild, but severe cases havethe patient develops pancreatitis as an adverse ef-
been reported.[79,80,131,209-214] In one study of valproicfect, assuming that all other likely causes have been
acid-induced pancreatitis in children aged 4–16ruled out. Desensitization has been unsuccessful.[194]

years, children who had a history of drug allergies
with skin rash were at increased risk, whereas dura-6.8 5-Aminosalicylic Acid Drugs
tion of treatment, serum valproic acid levels, and

5-Aminosalicylic acid (5-ASA) drugs are com- presence of concomitant antiepileptic drugs were
monly used in the treatment of inflammatory bowel not considered risk factors.[215] The serum lipase
disease. All formulations of 5-ASA drugs have been level may be more sensitive than the serum amylase
implicated in pancreatitis, including sulfasala- level, and should be obtained when pancreatitis is
zine,[78,197-199] olsalazine,[77,200] mesalazine[73-76] and suspected secondary to valproic acid.[216] The long
mesalazine enema.[201] There have been at least 59 latency for recurrence in most studies suggests the
reported cases in the literature,[10] and a few well accumulation of a toxic metabolite.
documented case reports with rechallenge.[73,74,76,77]

The dosages of 5-ASA have ranged from mesalazine 6.10 Estrogens
1.2–2.4 g/day to olsalazine 1.5 g/day. The latency
period between initiating the medication and devel- Estrogen-induced pancreatitis was first reported
opment of pancreatitis has ranged from 2 days to 1 in 1970.[91] Many case reports with a variety of
month, though in one report the patient had been estrogen preparations have been reported since, in-
taking mesalazine for 1 year.[76] After rechallenge, cluding both estrogens alone and in combination
pancreatitis recurred in 12–48 hours, suggesting a oral contraceptives.[92,93,96,217-225] Pancreatitis has
hypersensitivity reaction. However, there have been been seen when estrogen has been used for birth
reports of pancreatitis following long-term treat- control, postmenopausal symptoms, hormone re-
ment with 5-ASA drugs.[76,202] placement therapy, menstrual irregularities, and

Mesalazine seems more likely than sulfasalazine after prostatectomy for carcinoma.[6] Estrogen-in-
to cause acute pancreatitis.[8,203] A proposed mecha- duced pancreatitis is an important adverse reaction
nism is that there is a small amount of systemic to identify, as estrogens are among the most com-
absorption of 5-ASA, which may have a direct effect monly prescribed medications.[10] There have been
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at least four case reports with documented rechal- of reports of opiate-induced pancreatitis in the litera-
lenges.[91-93,96] The particular doses of the estrogen- ture,[117,131,229-231] with two cases reporting well doc-
containing drugs causing pancreatitis vary, depen- umented rechallenge with codeine.[117] The dosage
ding on the formulation. Latencies range from 2 of codeine ranged from 40 to 60 mg daily, and onset
months to 5 years after initiating the drug, with most of mild pancreatitis was seen within 1.5–3 hours
cases seen within 3 months.[219] Recurrent pancrea- after ingestion. Codeine was discontinued, with rap-
titis after rechallenge typically occurs within 2–4 id recovery in each case. Upon rechallenge, pancrea-
months. Most cases reported in the literature have titis recurred within 1–2 hours. Interestingly, all
been mild, with recovery within 2 weeks,[93] though patients had a prior cholecystectomy. The mecha-
severe cases have also been reported.[92,221,225] nism of action is likely to be sphincter of Oddi

constriction. Opiates are known to cause a rapid butThe mechanism of estrogen-induced pancreatitis
transient spasm of the sphincter, which can last foris thought to be linked with the hypertriglycer-
2 hours.[232,233] Furthermore, laboratory studies haveidaemic effect of estrogen. Hypertriglyceridaemia is
demonstrated a mild, transient hyperamylasemiaknown to occur with estrogen use, especially in
following opiate administration.[234] It has been sug-patients with underlying hyperlipoproteinemia type
gested that in post-cholecystectomy patients, an ex-I, IV or V,[91,92,217,218,226] with more significant eleva-
acerbated spasm in the sphincter of Oddi and re-tions in women aged over 40 years[227] and with
duced bile storage capacity in the biliary tract canhigher doses of estrogen.[228] Pancreatitis typically
initiate an episode of acute pancreatitis.[117]occurs when triglyceride levels exceed 1000 mg/

dL.[11] It should be kept in mind that serum amylase
6.12 Sulindaclevels may be normal in the setting of high levels of

triglycerides. One author suggested that serum trig-
Sulindac, introduced in 1978, is an NSAID usedlyceride levels should be checked before starting

in rheumatic diseases. It has been associated withtherapy and the administration of estrogen avoided
various gastrointestinal adverse effects includingif the levels are >200 mg/dL, especially in women
abdominal pain, dyspepsia, nausea and constipation.over the age of 40 years. Once therapy has begun,
Pancreatitis as an adverse effect has also been re-serum lipids should be checked routinely.[93] If a
ported.[1,118-120,131,235-239] Three cases with well docu-patient receiving estrogen therapy develops pan-
mented rechallenge have been reported[118-120] Increatitis, a serum lipoprotein electrophoresis may
these cases, the dosage of sulindac ranged from 300help to establish estrogen as the causative factor.
to 800 mg daily and the latency between ingestion ofEstrogen therapy should be discontinued immed-
sulindac and time to onset of pancreatitis rangediately. This should lead to decreased serum trig-
from 3 weeks to 5 years. Pancreatitis followinglycerides and promote recovery from pancrea-
rechallenge with sulindac occurred within 1–2titis.[92,218] In addition to discontinuing the estrogen
months. The mechanism of action of sulindac-in-compound, other measures should be instituted to
duced pancreatitis is unclear. One proposed mecha-lower triglyceride levels, including a low fat diet,
nism is an immunological idiosyncratic reaction togemfibrozil (1.2–1.5 g/day) and use of omega-3
the active metabolite of sulindac, which is absorbedfatty acids (4–15 g/day).[223] Interestingly, estrogen-
by the bile duct epithelium and leads to cholangi-induced pancreatitis has also been reported to occur
tis.[238] In contrast to sulindac, other NSAIDs havein the absence of hypertriglyceridaemia.[96] A pro-
not been consistently demonstrated to be associatedposed mechanism is the development of intravascu-
with pancreatitis.lar thrombosis secondary to a hypercoagulable state

induced by estrogen.[221]

7. Conclusion
6.11 Codeine

There are a number of drugs that have been
Codeine is widely used in prescription and over- reported in the literature to be causally associated

the-counter preparations as an analgesic and as a with acute pancreatitis. Though most cases of poss-
cough suppressant. There have been a small number ible drug-induced pancreatitis are mild, some have
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ing drugs as causes of acute pancreatitis. Aliment Pharmacolbeen severe or even fatal. The true magnitude of
Ther 2003; 17: 887-93

drug-induced pancreatitis is not known and will 6. Mallory A, Kern F. Drug induced pancreatitis: a critical review.
Gastroenterology 1980; 78: 813-20require an active assessment for this adverse effect

7. Underwood TW, Frye CB. Drug-induced pancreatitis. Clinin future drug trials. Confounding factors such as Pharm 1993; 12: 440-8
alcohol use or gallstone disease, multiple medica- 8. McArthur KE. Drug-induced pancreatitis. Aliment Pharmacol

Ther 1996; 10: 23-38tions, and underlying medical illnesses associated
9. Wilmink T, Frick TW. Drug-induced pancreatitis. Drug Safwith pancreatitis, such as advanced HIV infection 1996; 14: 406-23

10. Trivedi CD, Pitchumoni CS. Drug-induced pancreatitis: an up-and inflammatory bowel disease, also make it diffi-
date. J Clin Gastroenterol 2005; 39: 709-16cult to determine the true epidemiology. Future

11. Badalov N, Baradarian R, Iswara K, et al. Drug-induced acute
studies on drug-induced pancreatitis should aim to pancreatitis: an evidence-based review. Clin Gastroenterol

Hepatol 2007; 5: 648-61identify which subsets of patients are susceptible to
12. Dhir R, Brown DK, Olden KW. Drug-induced pancreatitis: apancreatitis as an adverse effect associated with practical review. Drugs Today 2007; 43: 499-07

particular drugs, and the mechanisms that lead to 13. Maringhini A, Termini A, Patti R, et al. Enalapril-associated
pancreatitis: recurrence after rechallenge. Am J Gastroenterolpancreatitis.
1997; 92: 166-7

A more formal system of reporting potential 14. Carnovale A, Esposito P, Bassano P, et al. Enalapril-induced
acute recurrent pancreatitis. Dig Liver Dis 2003; 35: 55-7cases of drug-induced pancreatitis is needed. Ideal-

15. Gershon T, Olshaker JS. Acute pancreatitis following lisinoprilly, case reports should: (i) provide the age and sex of rechallenge. Am J Emerg Med 1998; 16: 523-4
the patient, along with the indication for treatment 16. Kanbay M, Selcuk H, Yilmaz U. Recurrent acute pancreatitis

secondary to lisinopril. South Med J 2006; 99: 1388-9with a drug; (ii) provide the dose and frequency of
17. Kanbay M, Korkmaz M, Yilmaz U, et al. Acute pancreatitis duethe medication; (iii) document a definite case of to ramipril therapy. Postgrad Med J 2004; 80: 617-8

pancreatitis based on current diagnostic guidelines; 18. Bosch X. Losartan-induced acute pancreatitis. Ann Intern Med
1997; 127: 1043-4(iv) provide information on the time course between

19. Birck R, Keim V, Fiedler F, et al. Pancreatitis after losartan
initiation of drug and onset of pancreatitis; (v) ex- [letter]. Lancet 1998; 351: 1178

20. Van der Heide H, Ten Haaft MA, Stricker BH. Pancreatitisclude the most common causes of pancreatitis;
caused by methyldopa. BMJ (Clin Res Ed) 1981; 282: 1930-1(vi) document a positive response to withdrawal of 21. Rominger JM. Gutierrez JG. Curtis D, et al. Methyldopa-in-

medication; and (vii) if available, provide the res- duced pancreatitis. Am J Dig Dis 1978; 23: 756-8
22. Jones PE. Oelbaum MH. Furosemide induced pancreatitis. BMJponse to a rechallenge. In addition, such cases

1975; 1: 133-4
should be consistently reported to the appropriate 23. Juang P, Page RL, Zolty R. Probable loop diuretic-induced

pancreatitis in a sulfonamide-allergic patient. Ann Pharma-drug regulatory agencies and published in the
cother 2006; 40: 128-34medical literature. Continued reporting will serve to

24. Cornish AL, McClellan JT, Johnston DH. Effects of chlorothia-
increase awareness of the risks of pancreatitis with zide on the pancreas. N Engl J Med 1961; 265: 673-5

25. Rion RJ. Recurrent pancreatitis after treatment with hydrochlo-various drugs so that immediate recognition and
rothiazide. J Am Board Fam Pract 1994; 7: 74-6management can be instituted. 26. Bosch X, Bernadich O. Acute pancreatitis during treatment with
amiodarone [letter]. Lancet 1997; 350: 1300

27. Ceciliato R, Pezzilli R, Corinaldesi R, et al. Acute pancreatitisAcknowledgements
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