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INTRODUCTION

ABSTRACT
Background: The majority of drug-induced pancreatitis cases
are mild to moderate in severity, but severe and even fatal
cases can occur. Management of drug-induced pancreatitis
requires withdrawal of the offending agent and supportive care.
Methods: This review focuses on differential diagnosis, clinical
presentation, drug-mediated effects, treatments, and mechanisms of pancreatitis, with an emphasis on drug-induced
pancreatitis.
Results: Although only a minority of cases associated with
acute pancreatitis are linked to drugs, clinical presentation and
mechanisms of injury to the pancreas are not well understood
by clinicians in terms of individual drug effects in the mediation
or modulation of injury to the pancreas. In recent years, a large
number of commonly prescribed medications has been linked
to drug-induced pancreatitis pathogenesis. Although mechanisms are proposed, the exact cause of injury is either not well
understood or controversial.
Conclusion: Future investigation into the mechanisms of
pancreatitis and an appreciation by clinicians of the drugs
commonly linked to the condition will help establish earlier
diagnosis and quicker cessation of offending drugs in the
treatment of drug-induced acute pancreatitis.
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Acute pancreatitis is the cause of up to 230,000
hospitalizations in the United States per year.1 While
mild acute pancreatitis carries a mortality of <1%,
mortality rates for severe pancreatitis can reach as
high as 30%.2 Drugs are responsible for 0.1%-2% of
acute pancreatitis incidents. The majority of druginduced pancreatitis cases are mild to moderate in
severity; however, severe and even fatal cases can
occur. Management of drug-induced acute pancreatitis requires withdrawal of the offending agent and
supportive care, and failure to identify a drug that is
the offending agent can result in critical delays.
Prevention of drug-induced pancreatitis requires an
up-to-date knowledge of drugs with the strongest
evidence connecting their use to the development of
pancreatitis. Controversy exists about the precise
mechanisms of drug-induced pancreatitis, and treatments have continued to evolve in recent years. In this
article, we critically review the epidemiology, pathogenesis, diagnosis, and presentation of drug-induced
pancreatitis. We also discuss drugs and classes of
drugs strongly implicated in mediating or modulating
acute pancreatitis based on well-documented case
reports and laboratory investigation.3,4

PATHOGENESIS AND PRESENTATION
Acute pancreatitis is characterized by the onset of
parenchymal and peripancreatic fat necrosis with
associated inflammation in a previously healthy
individual. Acute pancreatitis should be suspected in
patients with acute severe abdominal pain and can be
classified based on severity. The Atlanta classification
divides acute pancreatitis into two groups: interstitial
edematous acute pancreatitis and necrotizing acute
pancreatitis. The first category is characterized by
pancreatic parenchymal and peripancreatic inflammation without necrosis, while the latter category
involves inflammation and some degree of necrosis.
Another system classifies pancreatitis based on
severity and extent of necrosis. Relatively little
necrosis or organ failure is seen in mild acute
45
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pancreatitis, but severe acute pancreatitis is characterized by extensive necrosis complicated by intrapancreatic thrombosis and vascular disruption, as
well as intraparenchymal hemorrhage in the presence
of persistent organ failure of one or multiple organs.5,6

PANCREATIC PHYSIOLOGY
The pancreas normally synthesizes and secretes
several enzymes involved in digestion. These enzymes are produced in pancreatic acinar cells as
inactive zymogens and secreted into the duodenum
via the pancreatic duct and sphincter of Oddi where
they are activated. The activation process begins as
enterokinase, an enzyme produced in the duodenal
crypts of Lieberkühn, encounters the pancreatic
zymogen trypsinogen. Enterokinase binds to trypsinogen and cleaves an acidic propeptide, leaving active
trypsin to initiate a cascade of proteolytic reactions.
The reactions lead to the activation of other pancreatic zymogens such as chymotrypsinogen, proelastase, prophospholipase, and procarboxypeptidases
that are necessary for digestion.7,8
If, however, the zymogens are activated prematurely before they exit the pancreatic interstitium,
autodigestion of the peripancreatic tissue and pancreatic parenchyma can occur. To guard against
premature activation, the pancreas has several
defense mechanisms. The first is an enzyme, the
pancreatic secretory trypsin inhibitor, that can bind to
and inactivate 20% of trypsin activity. A second
defense mechanism is autolysis of prematurely
activated trypsin, and a third defense mechanism
involves the action of nonspecific proteases such as
alpha-1 antitrypsin.9,10

PANCREATITIS PATHOPHYSIOLOGY
For pancreatitis to occur, an initial event must
overwhelm these defense mechanisms. Several wellknown etiologies exist, with gallstone obstruction and
ethanol abuse the two most prevalent causes.
Gallstone obstruction of the ampulla of Vater, which
is responsible for 35%-40% of acute pancreatitis
cases in the United States, is thought to induce
pancreatitis via stasis and reflux of bile into the
pancreatic duct.11 Prevailing theories posit that the
blockage initiates the pancreatic zymogen cascade
that then damages surrounding tissue. Cholecystectomy and bile duct clearance resolve the symptoms,
confirming the cause-and-effect relationship.12
Ethanol abuse is the second most common cause
of pancreatitis in the United States, responsible for
approximately 30% of cases.13 The pathogenic details
of ethanol-induced pancreatitis are yet to be confirmed, but several mechanisms have been proposed.
The first involves an oversensitization of pancreatic
acinar cells to cholecystokinin and premature zymo46

gen activation. The second suggests that ethanol
induces acinar cells to overproduce enzymes that are
activated prematurely because of buildup and stasis
within the pancreas.14,15
Other etiologies involve smoking, scorpion venom,
hypertriglyceridemia, endoscopic retrograde cholangiopancreatography (ERCP), hypercalcemia, steroids,
malignancy, infection, trauma, and drugs.16-25
Regardless of the mechanism underlying an
episode of pancreatitis, once activated, the enzymes
will begin to digest the cell membranes of the
pancreas, thereby activating an inflammatory response. This response increases the vascular permeability of the pancreas.26 Hemorrhage, edema,
ischemia, and necrosis can ensue.26 The severity of
acute pancreatitis can vary as it progresses to
systemic inflammatory response syndrome, sepsis,
and multiple organ failure.27 Approximately 3%-13%
of acute pancreatitis cases develop into chronic
pancreatitis.28

PANCREATITIS SIGNS AND SYMPTOMS
Patients with pancreatitis typically present with
abdominal pain, nausea, and vomiting. The symptoms depend on the severity of the pancreatitis; a
patient with mild acute pancreatitis may experience
only minimal tenderness to palpation. Nevertheless,
the pain is constant, usually located in the epigastrium, and generally described as knifelike and radiating
to the midcentral back. Patients are restless and may
bend forward, bringing their knees to their chest in an
effort to alleviate the pain.29,30
Jaundice is a common finding. In 3% of patients
with severe acute pancreatitis, flank ecchymosis
(Grey Turner sign) or periumbilical ecchymosis (Cullen sign) develops and is suggestive of retroperitoneal
hemorrhage. Patients with severe acute pancreatitis
can also develop fever, tachypnea, hypoxemia, and
hypotension.31,32
Some patients display alterations in mental status.
This symptom is more common in drug-induced
acute pancreatitis and reflects exposure to drugs or
to ethanol but may also result from hypotension,
hypoxemia, or the massive release of toxic agents
from the inflamed pancreas.3,19
Complications may arise that include local and
systemic consequences. Local complications include
fluid accumulation, pancreatic pseudocyst, necrotic
collection, and walled-off necrosis. The fluids and
necrotic tissue can become secondarily infected,
leading to systemic inflammatory response syndrome
and sepsis. Systemic complications include splanchnic vein thrombosis, abdominal compartment syndrome, pseudoaneurysm, acute respiratory distress
syndrome, and exacerbation of underlying comorbidThe Ochsner Journal
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Table 1. Ranson Criteria for Acute Pancreatitis

At Admission
Age >55 years
WBC >16,000 cells/mm3
Blood glucose >200 mg/dL
Serum AST >250 IU/L
Serum LDH >350 IU/L

Within 48 Hours
Serum calcium <8.0 mg/dL
Hematocrit drop >10%
PaO2 <60 mmHg
BUN increase >5 mg/dL
Base deficit >4 mEq/L
Fluid sequestration >6 L

AST, aspartate aminotransferase; BUN, blood urea nitrogen; LDH, lactate
dehydrogenase; PaO2, partial pressure of oxygen in arterial blood; WBC,
white blood cell count.
(Table adapted by permission from Macmillan Publishers Ltd: [Journal of
Perinatology],36 copyright 2014.)

ities such as coronary artery disease and chronic lung
disease.33-35
The majority of severe complications occur within
48 hours of onset. The Ranson criteria identify a
number of factors that, if positive, predict a poor
prognosis. These criteria are divided into categories
based on a diagnosis of gallstone pancreatitis vs
non–gallstone pancreatitis. For drug-induced pancreatitis, which falls under the non–gallstone pancreatitis umbrella, the Ranson criteria are listed in
Table 1.36
Each category that is positive for the patient
equates to a point. The final point total indicates a
prognosis for the patient as follows: 0-2: 2% mortality,
3-4: 15% mortality, 5-6: 40% mortality, and 7-8: 100%
mortality.36

DIAGNOSIS OF DRUG-INDUCED
PANCREATITIS
The diagnosis of drug-induced acute pancreatitis
first requires a diagnosis of acute pancreatitis.
Elevations in several biomarkers are indicative of
pancreatitis, including serum lipase and amylase that
are secreted in bulk by pancreatic acinar cells and
thus are the most commonly measured. Other
laboratory tests with diagnostic implications include
serum trypsinogen, pancreatic proteases, C-reactive
protein, interleukin-6, and interleukin-8. The next step
in diagnosing drug-induced pancreatitis requires
ruling out more common etiologies such as gallstone
pancreatitis and ethanol-induced acute pancreatitis. A
thorough medical history and the patient’s medications must be recorded. The history should focus on
previous symptoms and any record of gallstones,
ethanol abuse, hypercalcemia, hypertriglyceridemia,
and trauma. Serum amylase, lipase, triglyceride level,
calcium level, and liver function tests should be
ordered. Abdominal and endoscopic ultrasounds
should be performed to evaluate for gallstones and
Volume 15, Number 1, Spring 2015

other obstructive possibilities such as tumors of the
pancreas head. ERCP should not be performed after
an episode of acute pancreatitis in the absence of
imaging or chemical evidence of choledocholithiasis.24,35,37,38
Any drugs with the potential to cause pancreatitis
should be discontinued or exchanged for a drug of a
different class, if possible. If the pancreatitis resolves
after discontinuation of the drug, suspicion for druginduced pancreatitis increases. This connection
proves difficult to establish, however, as the resolution
of disease may be linked coincidentally with cessation
of the inciting agent. A firm diagnosis can be
reasonably established with a rechallenge of the
offending drug that results in the recurrence of
pancreatitis symptoms.3,18,19,39

GENERAL MECHANISMS OF DRUG-INDUCED
ACUTE PANCREATITIS
Drug-induced acute pancreatitis mechanisms are
currently based on theories extracted from case
reports, case-control studies, animal studies, and
other experimental data. Drugs and drug classes
associated with acute pancreatitis are summarized in
Table 2.26 Potential mechanisms for drug-induced
acute pancreatitis include pancreatic duct constriction, cytotoxic and metabolic effects, accumulation of
a toxic metabolite or intermediary, and hypersensitivity reactions.40 Negative effects of drugs, such as
hypertriglyceridemia and chronic hypercalcemia, are
also mechanisms for drug-induced acute pancreatitis,
as these effects are risk factors for acute pancreatitis.
Other possible mechanisms of action are localized
angioedema effect in the pancreas and arteriolar
thrombosis.26

Angiotensin-Converting Enzyme Inhibitors
A possible mechanism of action for angiotensinconverting enzyme (ACE) inhibitor–induced acute
pancreatitis is proposed to follow the mechanism of
local angioedema of the pancreatic duct.26 ACE
inhibitors decrease the degradation of bradykinin that
is linked to the development of angioedema.26,41
Demonstrations show that bradykinins are released
during acute pancreatitis, which is in concordance
with observed increased vascular permeability in the
pancreas during acute pancreatitis. This release can
result in pancreatic edema, causing enzymes and
other toxic substances to be trapped within the
pancreas and leading to tissue damage in the
pancreas and acute pancreatitis.26,41 In addition,
angiotensin II receptors may be important in regulating secretion and microcirculation within the pancreas.41
47
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Table 2. Drugs, Drug Classes, and Other Agents Associated with Acute Pancreatitis
ACE inhibitors
Macrolides
Mefenamic acid
6-MP
Mesalamine
Alogliptin
Alpha-methyldopa
Sitagliptin
Sodium stibogluconate
Metronidazole
Mirtazapine
Montelukast
Mycophenolate
Exenatide
Fibrates
Finasteride
Fluoroquinolones
5-Fluorouracil
Furosemide
Gabapentin
GLP-1 analogs
Gold
HAART agents
Ifosfamide
Indomethacin
Interferon/ribavirin
Interleukin-2
PPIs
COX-2 inhibitors
Lamotrigine
Rifampin

Cyproheptadine
Rifapentine
Rivastigmine
Ropinirole
Saw palmetto
DDP-4 inhibitors
Diazoxide
Aminosalicylates
Amiodarone
Somatropin
Statins
Sulfamethoxazole
Sulfasalazine
Nitrofurantoin
NSAIDs
Octreotide
Paclitaxel
Pegaspargase
Penicillin
Pentamidine
Pergolide
Phenolphthalein
Pilocarpine
Prazosin
Procainamide
Propofol
Propoxyphene
Co-trimoxazole
Isotretinoin
Repaglinide

Linagliptin
Acetaminophen
ACTH
Alendronate
Saxagliptin
Metformin
Methimazole
Diphenoxylate
Dipyridamole
Amlodipine
Ampicillin
Antivirals
Aspirin
Sumatriptan
Tacrolimus
Tamoxifen
Tetracyclines
Thiazide diuretics
Thrombolytic agents
TNF-alpha inhibitors
Topiramate
Valproic acid
Venlafaxine
Vincristine
Voriconazole
Zolmitriptan
Corticosteroids
Isoniazid
Ranitidine
Cyclosporine

Liraglutide
Cytosine
Danazol
Dapsone
All-trans-retinoic acid
SSRIs
Sirolimus
Methyldopa
Divalproex sodium
Doxercalciferol
Doxorubicin
Ertapenem
Estrogens
Atypical antipsychotics
Azathioprine
Bupropion
Calcitriol
Cannabis
Capecitabine
Carbamazepine
Ceftriaxone
Cimetidine
Cisplatin
Clomiphene
Codeine
Colchicine
Irbesartan
Quinupristin/dalfopristin
Cyclophosphamide
L-asparaginase

6-MP, 6-mercaptopurine; ACE, angiotensin-converting enzyme; ACTH, adrenocorticotropic hormone; COX, cyclooxygenase; DDP-4, dipeptidyl peptidase
4; GLP-1, glucagon-like peptide-1; HAART, highly active antiretroviral therapy; NSAIDs, nonsteroidal antiinflammatory drugs; PPI, proton pump inhibitor;
SSRIs, selective serotonin reuptake inhibitors; TNF, tumor necrosis factor.
(Table adapted with permission from Kaurich.26)

Statins
The onset of acute pancreatitis induced by statins
has been observed from hours to years after
treatment.26,42 Because of the variance in the latency
period, the mechanism may be related to a direct
toxic effect to the pancreas and the accumulation of a
toxic metabolite.26,42 Other mechanisms of action of
statin-induced acute pancreatitis are speculated to be
associated with rhabdomyolysis, myalgia, and/or
metabolism or drug interactions through cytochrome
P-450 3A4 (CYP3A4).26 In several case reports, either
myalgia or rhabdomyolysis occurred before development of acute pancreatitis.26 Because pravastatin
does not metabolize CYP3A4, it may have fewer case
reports of drug-induced acute pancreatitis than other
statins.26
48

Oral Contraceptives/Hormone Replacement
Therapy
Both of the proposed mechanisms for acute
pancreatitis caused by estrogen are related to the
negative effects of oral contraceptives and hormone
replacement therapy (HRT). The first proposed
mechanism is that patients develop hypertriglyceridemia as a new diagnosis, existing hypertriglyceridemia is exacerbated, patients are diagnosed with
previously unknown familial hyperlipoproteinemia.26
The second proposed mechanism is that pancreatic
necrosis is induced by a hypercoagulable state.26,40

Diuretics
Suggested mechanisms of action for furosemideinduced acute pancreatitis include a direct toxic effect
to the pancreas, diuretic-induced stimulation of panThe Ochsner Journal
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creatic secretion, and ischemia.26,41 An experimental
study demonstrated that a decreased volume of
extracellular fluid lessens pancreatic blood flow,
thereby leading to ischemia.43 Two of the negative
effects of hydrochlorothiazides are hypercalcemia and
hyperlipidemia. Because hydrochlorothiazides cause
increased calcium resorption from bone and increased
levels of serum calcium, hydrochlorothiazides create
an increased risk for acute pancreatitis.43 Hydrochlorothiazides also may be involved in the development of
hyperparathyroidism that can lead to hypercalcemia
and acute pancreatitis.26,41 Finally, hydrochlorothiazides can increase serum triglyceride levels, putting a
patient at increased risk for acute pancreatitis.43

peptide-1 (GLP-1) mimetics. Of particular concern is
exenatide that was linked to 36 postmarketing reports
of acute pancreatitis soon after its introduction.
Further inquiry has estimated a 6-fold increase in
the risk of pancreatitis with the use of exenatide
compared to other therapies.45,46
The pathogenesis of GLP-1 analog-induced pancreatitis is unclear, but current evidence suggests an
additive or synergistic exacerbation of pancreatitis
when GLP-1 analogs are used in the presence of a
high fat diet. The sequence of injury appears to begin
with acinar cell hypertrophy, progress to proinflammatory cytokine induction, and culminate in pancreatic vascular injury.47

Highly Active Antiretroviral Therapy

MOLECULAR MECHANISMS OF
PANCREATITIS
Role of Triglycerides

Human immunodeficiency virus (HIV) infection is
a proposed mechanism for acute pancreatitis because HIV directly causes inflammation of the
pancreas.26,40 Highly active antiretroviral therapy
may also be involved in the development of acute
pancreatitis because the antiretroviral therapy could
potentially cause a toxic effect directly to the
pancreas or induce negative effects associated with
acute pancreatitis. Protease inhibitors (PIs) can
cause metabolic disturbances, including development of insulin resistance, hyperglycemia, hypercholesterolemia, and hypertriglyceridemia. However,
triglyceride levels need not be elevated, as cases
have been reported in which levels were normal.
According to several studies, no significant increase
of acute pancreatitis risk occurs after the introduction
of PIs to treatment.26

Valproic Acid
The proposed mechanisms of action of valproic
acid–induced acute pancreatitis are a direct toxic
effect of free radicals on the pancreatic tissue and a
depletion of superoxide dismutase, catalase, and
glutathione peroxidase.26 Valproic acid–induced acute
pancreatitis can result from an individual’s distinct
reaction to a drug against the norm of other adverse
effects associated with the drug. This risk increases in
patients with a history of drug sensitivity.44

Hypoglycemic Agents
Various oral hypoglycemic agents used in the
treatment of diabetes are linked to acute pancreatitis.
While some association exists between the occurrence of pancreatitis and biguanide agents such as
metformin, as well as with dipeptidyl peptidase 4
inhibitors, including sitagliptin, vildagliptin, and saxagliptin, current research suggests that the only oral
hypoglycemic agents with a disproportionately increased risk of pancreatitis are the glucagon-like
Volume 15, Number 1, Spring 2015

Based on studies of the effect of triglycerides and
free fatty acids in the dog pancreas, rapid accumulation of triglyceride-containing lipoproteins, mostly
chylomicrons, are believed to lead to ischemic events
in the microcirculation of the pancreas. In addition,
proinflammatory nonesterified free fatty acids generated from the esterification of chylomicron triglycerides may lead to the release of inflammatory
mediators and free radicals, further contributing to
pancreatic damage.48

Autoimmune Pancreatitis
A link is postulated to exist between abnormal
human leukocyte antigen expression on both acinar
and ductal cells of the pancreas and the presentation
of autoantigens that would then lead to autoimmune
pancreatitis, but this mechanism is not proven. For
now, the pathophysiologic mechanisms of autoimmune pancreatitis remain unknown.49

CONCLUSION
Pancreatitis is a serious condition with significant
potential morbidity and mortality. Although druginduced acute pancreatitis is relatively rare, a firm
understanding of the drugs associated with the
condition should alert the clinician to appropriately
diagnose and treat patients. An early diagnosis can
facilitate prompt cessation of the offending agent,
thereby reducing complications and length of hospital
stay. Ongoing research is focused on determining the
molecular mechanisms behind drug-induced acute
pancreatitis and its clinical sequelae.
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Mithöfer K, Fernández-del Castillo C, Frick TW, Lewandrowski KB,
Rattner DW, Warshaw AL. Acute hypercalcemia causes acute
pancreatitis and ectopic trypsinogen activation in the rat.
Gastroenterology. 1995 Jul;109(1):239-246.
Wilmink T, Frick TW. Drug-induced pancreatitis. Drug Saf. 1996
Jun;14(6):406-423.
Badalov N, Baradarian R, Iswara K, Li J, Steinberg W, Tenner S.
Drug-induced acute pancreatitis: an evidence-based review. Clin
Gastroenterol Hepatol. 2007 Jun;5(6):648-667; quiz 644.

20. Sadr-Azodi O, Mattsson F, Bexlius TS, Lindblad M, Lagergren J,
Ljung R. Association of oral glucocorticoid use with an increased
risk of acute pancreatitis: a population-based nested case-control
study. JAMA Intern Med. 2013 Mar 25;173(6):444-449.
21. Wilson RH, Moorehead RJ. Current management of trauma to the
pancreas. Br J Surg. 1991 Oct;78(10):1196-1202.
22. Berg RA, Tarantino MD. Envenomation by the scorpion
Centruroides exilicauda (C sculpturatus): severe and unusual
manifestations. Pediatrics. 1991 Jun;87(6):930-933.
23. Parenti DM, Steinberg W, Kang P. Infectious causes of acute
pancreatitis. Pancreas. 1996 Nov;13(4):356-371.
24. Aliperti G. Complications related to diagnostic and therapeutic
endoscopic retrograde cholangiopancreatography. Gastrointest
Endosc Clin N Am. 1996 Apr;6(2):379-407.
25. Bastid C, Bernard JP, Sarles H, Payan MJ, Sahel J. Mucinous
ductal ectasia of the pancreas: a premalignant disease and a cause
of obstructive pancreatitis. Pancreas. 1991 Jan;6(1):15-22.
26. Kaurich T. Drug-induced acute pancreatitis. Proc (Bayl Univ Med
Cent). 2008 Jan;21(1):77-81.
27. Neoptolemos JP, Raraty M, Finch M, Sutton R. Acute pancreatitis:
the substantial human and financial costs. Gut. 1998 Jun;42(6):
886-891.
28. Sekimoto M, Takada T, Kawarada Y, et al. JPN Guidelines for the
management of acute pancreatitis: epidemiology, etiology, natural
history, and outcome predictors in acute pancreatitis. J
Hepatobiliary Pancreat Surg. 2006;13(1):10-24.
29. Silen W. Acute pancreatitis. In: Silen W, Cope Z, eds. Cope’s Early
Diagnosis of the Acute Abdomen. 18th ed. New York, NY: Oxford
University Press, 1999:123-131.
30. Mitchell RM, Byrne MF, Baillie J. Pancreatitis. Lancet. 2003 Apr
26;361(9367):1447-1455.
31. Swaroop VS, Chari ST, Clain JE. Severe acute pancreatitis. JAMA.
2004 Jun 16;291(23):2865-2868.
32. Dickson AP, Imrie CW. The incidence and prognosis of body wall
ecchymosis in acute pancreatitis. Surg Gynecol Obstet. 1984
Oct;159(4):343-347.
33. Nadkarni NA, Khanna S, Vege SS. Splanchnic venous thrombosis
and pancreatitis. Pancreas. 2013 Aug;42(6):924-931.
34. Morgan DE, Baron TH, Smith JK, Robbin ML, Kenney PJ.
Pancreatic fluid collections prior to intervention: evaluation with
MR imaging compared with CT and US. Radiology. 1997 Jun;
203(3):773-778.
35. Ranson JH, Turner JW, Roses DF, Rifkind KM, Spencer FC.
Respiratory complications in acute pancreatitis. Ann Surg. 1974
May;179(5):557-566.
36. Ducarme G, Maire F, Chatel P, Luton D, Hammel P. Acute
pancreatitis during pregnancy: a review. J Perinatol. 2014 Feb;
34(2):87-94.
37. De Bernardinis M, Violi V, Roncoroni L, Boselli AS, Giunta A,
Peracchia A. Discriminant power and information content of
Ranson’s prognostic signs in acute pancreatitis: a meta-analytic
study. Crit Care Med. 1999 Oct;27(10):2272-2283.
38. Yadav D, Agarwal N, Pitchumoni CS. A critical evaluation of
laboratory tests in acute pancreatitis. Am J Gastroenterol. 2002
Jun;97(6):1309-1318.
39. Spanier BW, Tuynman HA, van der Hulst RW, Dijkgraaf MG,
Bruno MJ. Acute pancreatitis and concomitant use of
pancreatitis-associated drugs. Am J Gastroenterol. 2011 Dec;
106(12):2183-2188.

The Ochsner Journal

Jones, MR

40. Underwood TW, Frye CB. Drug-induced pancreatitis. Clin Pharm.
1993 Jun;12(6):440-448.
41. Griesbacher T. Kallikrein-kinin system in acute pancreatitis:
potential of B(2)-bradykinin antagonists and kallikrein inhibitors.
Pharmacology. 2000 Apr;60(3):113-120.
42. Thisted H, Jacobsen J, Munk EM, et al. Statins and the risk of
acute pancreatitis: a population-based case-control study.
Aliment Pharmacol Ther. 2006 Jan 1;23(1):185-190.
43. Frick TW, Speiser DE, Bimmler D, Largiadèr F. Drug-induced
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