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Abstract
Although gallstone and alcohol use have been consid-
ered the most common causes of acute pancreatitis, 
hundreds of frequently prescribed medications are as-
sociated with this disease state. The true incidence is 
unknown since there are few population based studies 
available. The knowledge of drug induced acute pan-
creatitis is limited by the availability and the quality of 
the evidence as the majority of data is extrapolated 
from case reports. Establishing a definitive causal rela-
tionship between a drug and acute pancreatitis poses a 
challenge to clinicians. Several causative agent classifi-
cation systems are often used to identify the suspected 
agents. They require regular updates since new drug 
induced acute pancreatitis cases are reported continu-
ously. In addition, infrequently prescribed medications 
and herbal medications are often omitted. Furthermore, 
identification of drug induced acute pancreatitis with 
new medications often requires accumulation of post 
market case reports. The unrealistic expectation for a 
comprehensive list of medications and the multifacto-
rial nature of acute pancreatitis call for a different ap-
proach. In this article, we review the potential mecha-
nisms of drug induced acute pancreatitis and provide 

the perspective of deductive reasoning in order to allow 
clinicians to identify potential drug induced acute pan-
creatitis with limited data. 
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Core tip: The knowledge of drug-induced acute pancre-
atitis (DIAP) is limited by the availability and the qual-
ity of the evidence. Potential publication bias may also 
impact our knowledge of DIAP. Several causative agent 
classification systems have been proposed, but they 
require regular updates. In addition, Infrequent pre-
scribed medications and herbal medications are often 
omitted from those summarized lists. We review the 
potential mechanisms of DIAP and provide the perspec-
tive of deductive reasoning in order to allow clinicians 
to identify potential DIAP with limited data. 
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INTRODUCTION
Acute pancreatitis (AP) is an acute inflammatory condi-
tion of  the pancreas that may extend to local and distant 
extra-pancreatic tissues. The annual incidence of  AP in 
the United States is approximately 17 cases per 100000. 
Acute pancreatitis results in 100000 hospitalizations per 
year, based on previous reports[1]. An average of  2000 
patients per year die from complications related to AP. 
Although gallstones and alcohol are responsible for 
more than 90% of  all cases in adults, medications have 
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been recognized as a potential cause of  AP[2]. Since the 
first reported case with chlorthalidone and cortisone in 
the 1950s, hundreds of  commonly prescribed medica-
tions from different classes have been reported to induce 
pancreatic damage. It is expected that the list of  drug in-
duced acute pancreatitis (DIAP) will continue to expand 
with newly approved medications, new cases identified 
for older agents, and the alternative medicines which have 
less clinical research support in general. While medica-
tions are considered as a common cause of  AP, reports 
of  DIAP range from 0.1%-2% of  overall cases[2,3]. 

It is not clear if  the true incidence of  DIAP has been 
established due to a lack of  mandatory adverse drug 
report (ADR) system to clinicians, potential publication 
bias, and the challenge to associate AP with medications. 
Data from clinical trials of  new drugs usually are not 
informative due to the idiosyncratic character of  DIAP. 
In general, idiosyncratic adverse drug reactions occur 
with a frequency lower than 1:10000[4]. It is extremely dif-
ficult to identify adverse reactions in phase Ⅰ to phase Ⅲ 
clinical investigational trials. Incretin mimetics have been 
recently introduced in the treatment of  diabetes and are 
widely used in many countries. Incretin mimetics, includ-
ing exenatide and sitagliptin, were reported to induce 
AP shortly after those were approved which resulted in 
warranted an FDA drug safety communication regarding 
those agents. However, a meta-analysis of  randomized 
clinical trials of  most incretin mimetics including sita-
gliptin did not show any relevant effect on the incidence 
of  pancreatitis. Overall, the incidence was only 0.1% (22 
pancreatitis cases found in a pool of  20312 patients). 
This is an example of  the limitation of  clinical trials in 
finding adverse event with low incidence such as DIAP[5]. 

The knowledge of  DIAP is also limited by the avail-
ability and the quality of  the evidence. It can be dif-
ficult to rule out other causes of  DIAP, especially in 
patients who have multiple comorbidities, medications, 
and underlying risk factors. Since all reports depend on 
the judgment of  the clinicians to exclude other possible 
causes, reporting more severe ADR has also lead to 
publication bias. Due to its rarity, most of  the evidence 
comes from case reports of  individual drugs and few 
from case control studies. With a lack of  standard ADR 
reporting format, inadequate data collection in several 
domains, such as the drug dose, onset of  DIAP relative 
to the use of  the medication, and exclusions of  other 
causes, makes it difficult to establish a true causality. In 
addition, a causal relationship between the agents and 
DIAP may be difficult to establish due to ethical and 
practical considerations of  re-challenge with the suspect-
ed agents. Therefore, the definite relationship between 
DIAP and medications has only been established in no 
more than 6% of  the agents that have been shown to 
cause DIAP[6]. Since the identification of  DIAP has re-
lied mostly on individual case reports, specific drugs in-
stead of  the entire class are usually noted, which makes 
it even more challenging to identify possible cases in a 
timely manner. 

Potential publication bias may also impact our un-
derstanding of  DIAP and influence how DIAP is being 
managed. New drugs or medications with known severe 
side effects are usually more closely monitored than 
those that have been in existence for a long time, infre-
quently prescribed, or considered harmless (i.e., over the 
counter medications or herbal supplements). Despite the 
low incidence of  drug-induced AP, it is associated with 
higher morbidity, extended hospital stays, and increased 
healthcare cost[7]. Approximately 25% of  the cases may 
require intensive care treatment[8]. Developing a systemic 
approach of  identifying potential DIAP is warranted. 
The aim of  this review is to offer a different perspective 
of  approaching DIAP by examining the potential mecha-
nisms of  DIAP in order to allow clinicians to identity 
possible cases with limited data. 

ETIOLOGY OF ACUTE PANCREATITIS 
Acute pancreatitis is an inflammatory process of  the 
pancreas with varying involvement of  other regional tis-
sues or remote organ systems. Gallstone and alcohol use 
have been considered the most common causes of  acute 
pancreatitis. Gallstone-associated AP is mainly identified 
by imaging. Previous association with tobacco use is di-
rectly linked to alcohol abuse. More evidence associates 
tobacco use as another toxin that can be directly linked 
to both acute and recurrent pancreatitis. Other potential 
mechanical etiologies include periampullary pathologies 
including intraductal tumor or parasites that are possible 
in developing countries. In addition to the most common 
causes, other etiological risk factors for acute pancreatitis 
are associated with mechanical factors including pancreas 
divisum, endoscopic retrograde cholangiopancreatogra-
phy and manometry, as well as trauma or surgical proce-
dures near the pancreas. 

Metabolic or systemic process such as hyperlipidemia, 
infection, and chronic hypercalcemia are well known 
causes of  pancreatitis as well[9]. Infections and toxins, in-
cluding viral etiologies: mumps, coxsackievirus, hepatitis 
B, cytomegalovirus, varicella-zoster, herpes simplex virus, 
human immunodeficiency virus. Bacteria such as Myco-
plasma, Legionella, Leptospira, Salmonella, Aspergillus, Toxo-
plasma, Cryptosporidium and Ascaris are potential causes of  
AP. Last, but not least, vascular diseases and pregnancy 
are also described as causes for pancreatitis.

AP can occur if  there is damage to the acinar cells 
and/or injury to the pancreatic duct that leads to inap-
propriate accumulation and activation of  proenzymes 
within the pancreas. The activated pancreatic enzymes 
digest the cell membranes of  the pancreas and activate an 
inflammatory response, which increases the vascular per-
meability of  the pancreas. Hemorrhage, edema, ischemia, 
and necrosis can result[1,9]. Data from animal studies show 
that reduced exocytosis and premature fusion of  zymo-
gen granules to lysosomes in pancreatic exocrine cells 
may activate pancreatic proenzymes and lead to cellular 
autodigestion.
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CLASSIFICATION OF CAUSATIVE 
AGENTS
It is difficult to determine if  the effects are intrinsic for 
all members of  a drug class despite reports of  DIAP 
incidence within the class. Several classification systems 
have been proposed. A substantial number of  medica-
tions are known to cause AP, however, the underlying 
mechanism is still not well understood. The classification 
systems rely on summarized lists of  medications from 
previously published reviews to help make the diagnosis 
of  DIAP. Mallory and Kern in 1980s classified drugs that 
may cause pancreatitis into three groups: definite, prob-
able, or possible association with pancreatitis[5,9]. In order 
to improve the quality of  evidence, different classifica-
tion systems have also been proposed that categorized 
DIAP in classes based on the number of  reports and re-
challenge results[5,10].  

Badalov et al[11] in 2007 expanded the classification 
system to five categories: Ⅰa, Ⅰb, Ⅱ, Ⅲ, and Ⅳ (Table 
1). Classifications are based on the published reports 
from 1955 to 2005. Class Ⅰa includes drugs with at least 
one case report, evidence of  a positive re-challenge, and 
exclusion of  other causes of  AP. Class Ⅰb is similar 
to class Ⅰa, except that other causes of  AP could not 
be ruled out. Criteria for class Ⅱ drugs include at least 
four case reports with a consistent latency period for at 
least 75% of  the cases. Class Ⅲ drugs have at least two 
case reports but do not have re-challenge data or a con-
sistent latency period. Finally, class Ⅳ drugs have one 
case report without re-challenge data. This classification 
provides a quick reference of  potential causative agents 
based on the available data at the time of  the review. 
However, regular updates of  existing classification are 
needed since new cases of  DIAP are reported continu-
ously. Furthermore, infrequently prescribed medications 
and alternative medications are often omitted from these 
summarized lists.  

Mechanism of DIAP 
The majority of  the reported DIAP cases seem to have 

an idiosyncratic character. Idiosyncratic reactions to drugs 
are adverse effects that are not directly related to phar-
macodynamic mechanisms of  the drugs. These adverse 
events can occur unpredictably via abnormal interactions 
between the drugs and the organism, which is usually me-
diated by immunologic or cytotoxic effects triggered by 
the drug or its metabolites in a specific organ, in this case, 
the pancreas[11]. Although the exact mechanism of  DIAP 
is not always known, the pathogenesis should not differ 
from other causes of  AP. It is believed that the pathogen-
esis of  AP differs only in the injury mechanism. It con-
sists of  three steps: (1) premature activation of  trypsin 
in acinar cells; (2) intrapancreatic inflammation; and (3) 
extrapancreatic inflammation[5]. Several mechanisms have 
been hypothesized including immune-mediated, direct 
pancreatic toxicity, pancreatic-duct constriction, influence 
of  medication on the bile flow, thrombosis, metabolic ef-
fects, and hypersensitivity[12,13]. Mechanisms of  DIAP is 
showed in Figure 1. 

Researchers have also used latency to classify the po-
tential mechanisms of  DIAP[5]. It is hypothesized that 
direct immunological effects are usually observed within 
the first month of  drug exposure, whereas toxic effects 
are noted after a few months of  treatment. Potential 
mechanisms of  DIAP include hypersensitivity (onset 
after four to eight weeks of  use), accumulation of  a toxic 
metabolite (onset after several months of  use), hyper-
triglyceridemia (onset after several months of  use), and 
intrinsic toxicity, which is sometimes related to overdose 
(onset may be almost immediate)[14]. However, there are 
exceptions that exist. Clinicians should not ignore long 
lasting medications while DIAP is a concern.  

The following reviews summarize five major types of  
mechanisms of  DIAP (Table 2), namely structural, tox-
ins, metabolic, vascular, and other.  

Structural 
The structural damage such as compression, obstruction, 
or inflammation of  the pancreatic duct may lead to AP. 
The most common cause for obstruction is choledochli-
thiasis, or gallstones. Obstruction can also be caused by 
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Table 1  Classification system of drug-induced acute pancreatitis according to Badalov et al [11]

Definition Example 

Class Ⅰ drug Ia: at least one case report, evidence of a positive re-
challenge, and exclusion of other causes of AP

Codeine, cytarabine, dapsone, enalapril, furosemide, isoniazid, mesalamine, 
metronidazole, pentamidine, pravastatin, procainamide, simvastatin, 
sulfamethoxazole, sulindac, tetracycline, valproic acid

Ib: similar to class Ia, except that other causes of AP 
could not be ruled out

Amiodarone, azathioprine, dexamethasone, ifosfaide, lamivudine, losartan, 6-MP, 
premarin, TMP-SMZ

Class Ⅱ drugs Include at least four case reports with a consistent 
latency period for at least 75% of the cases

Acetaminophen, Clozapine, DDI, erythromycin, estrogen, l-asparaginase, 
propofol, tamoxifen

Class Ⅲ drug At least two case reports but do not have re-challenge 
data or a consistent latency period

Alendronate, carbamazepine, ceftriaxone, clarithromycin, cyclosporin, 
hydrochlorothiazide, interferone/ribavirin, metformin, minocycline, naproxen, 
paclitaxel, prednisone, prednisolone  

Class Ⅳ drug One case report without re-challenge data Ampicillin, cisplatin, colchicine, cyclophosphamide, diclofenac, doxorubicin, 
interleukin-2, octreotide, propoxyphene, rifampin, risperidone, sertaline, 
tacrolimus, vincristine

AP: Acute pancreatitis; 6-MP: 6-mercaptopurine; TMP-SMZ: Trimethoprim and sulfamethoxazole.
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Activated pancreatic enzymes within acinar 
cells, producing autodigestion of the 
pancreas and surrounding tissues 

Causes of AP

Mechanisms and 
example of DIAP

Duct obstruction Acinar cell injury Defective intracellular transport

Obstruction leads to 
interstitial edema which 
causes impaired blood 
blow and ischemia 
   Drug induced gallstone 
   Sphincter of Oddi 
   Dysfunction 
   Pancreatic duct 
   constriction 

Release of intracellular 
proenzymes and 
lysosomal hydrolases 
which activates the intra- 
or extracellular enzymes
   Toxin mediated 
   Vascular 

Cause intracellular activation 
of enzymes 
   Mitochondrial toxicity 
   Metabolic injury 
   Immune-mediated 

Acute pancreatitis 

Figure 1  Mechanism of drug-induced pancreatitis. AP: Acute pancreatitis; DIAP: Drug-induced acute pancreatitis.

Table 2  Mechanism of drug induced pancreatitis with drugs associated with acute pancreatitis 

Mechanism of 
DIAP

Drugs with a definite relationship or with class 
Ⅰ/Ⅱ to AP

Probable  Similar structure/class/mechanism with 
reported cases

Structural Cholestatic liver injury Rofecoxib
Azathioprine
Cytarabine

Spasm of the sphincter of Oddi Octreotide Opium  
Opioids Marcolides 
Codeine

Erythromycin
Obstruction ACE-inhibitors

Enalapril-angioedema 
Duct constriction NSAIDs

Sulindac
Stone Ceftriaxone 

Dipyridamole 
Toxins Acetaminophen Metformin Minocycline

Didanosine Tigecycline
Isoniazid Doxycycline 

Metronidazole NRTI 
Valproic acid HMG-CoA reductase inhibitors 
Mesalamine
Pentamidine 
Asparaginase

Sitaliptin 
Exenatide

Tetracycline  
Pravastatin

Metabolic Hypertriglyceridemia Hydrochlorothiazide Isotretinoin 
Estrogens Interferon alfa Retinoid derivaties 

Corticosteroids Propofol Protease inhibitors 
Furosemide Tamoxifen Saw palmetto
b-blocker Ethacrynic acid

Clomiphene Anti-psychotics (aripiprazole, clozapine, olanzapine, 
quetiapine, risperidone)

Hypercalcemia Ⅳ calcium 
Vitamin D 

Vascular Contrast media - iopamidol Procainamide 
Immune-
mediated 

Azathioprine/mercaptopurine
sulfasalazine

AP: Acute pancreatitis; NRTI: Nucleoside reverse transcriptase inhibitor; NSAIDs: Nonsteroidal anti-inflammatory drugs.

Hung WY et al . Contemporary review of drug-induced pancreatitis
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duodenal inflammation in Crohn’s disease[1]. 

Medications with risk of  gallstones: Ceftriaxone, a 
third-generation cephalosporin that is excreted from bile 
duct, has been associated with the development of  sludge 
or stones in the gallbladders for some patients treated 
with this medication. Secondary pancreatitis has been 
considered in association with ceftriaxone-induced pseu-
dolithiasis[15]. Unlike ceftriaxone, the kidney pathway is 
the major means of  elimination for most of  cephalospo-
rins. It could potentially explain why DIAP has not been 
reported as class wide induced disease. 

Based on an increased amount of  cholesterol secreted 
in bile, causing an increased risk of  gallstones which may 
explain the mechanism of  3-hydroxy-3-methyl-glutaryl-
CoA reductase inhibitor-induced AP[10]. Long-term ad-
ministration of  dipyridamole and octreotide can form 
insoluble substances that precipitate in the gallbladder 
bile to promote gallstone formation as they are highly ex-
creted from the bile[16,17].

Medications that Cause Sphincter of  Oddi Dysfunc-
tion: As another example of  structural disturbance, the 
Sphincter of  Oddi (SO) is situated at the junction of  the 
bile and pancreatic ducts where they enter the duodenum 
and serves to regulate the flow of  bile and pancreatic 
juices as well as preventing reflux of  duodenal contents 
into the pancreatobiliary system. SO dysfunction refers 
to two possible conditions-papillary stenosis (edema or 
hypertrophy) and dyskinesia (tachyoddia, induced spasm) 
that lead to partial or complete obstruction of  the pan-
creatic duct resulting in pancreatitis[18]. SO dysfunction is 
implicated as a cause of  various forms of  AP including 
gallstone pancreatitis, pancreatitis secondary to alcohol, 
scorpion envenomation, and organophosphate poison-
ing. Medications such as octreotide, opioids, opium, and 
codeine reportedly induce AP in association with SO dys-
function[19,20]. Erythromycin can cause DIAP due to its 
prokinetic effect on the smooth muscle of  the gastroin-
testinal track and the gallbladder subsequently increasing 
the pressure of  the SO[21]. Since all macrolide antibiotics 
have prokinetic effect of  different degrees, it is reason-
able to consider that AP could potentially be drug related 
when patients are treated with these agents. As an exam-
ple, clarithromycin and azithromycin have been reported 
to be associated with AP[6]. 

The mechanism of  action of  the class of  drug is 
also an important factor when evaluating the relatedness 
of  the adverse event to the drug. The probable mecha-
nism of  aspirin- or nonsteroidal anti-inflammatory drug 
(NSAID)- induced pancreatitis is due to inhibition of  
prostaglandins that otherwise may cause pancreatic duct 
constriction[12]. Aspirin is shown to increase pancreatic 
duct permeability in animal models. It increases calcium 
secretion from the pancreas, which is considered a mark-
er of  pancreatic damage. Experimental studies suggested 
that prostaglandins may have a protective effect on 
pancreatic cells[22]. Membrane stabilization of  pancreatic 

cells may be the mechanism behind the cytoprotection 
conferred by prostaglandins. In NSAID-associated AP, 
sulindac seems to stand out as the individual drug from 
the class with the highest number of  published cases[23-26].

Toxins  
Cumulative dose-dependent effect of  toxic metabolites 
is also hypothesized in drugs showing a consistent long 
latency (more than 30 d) at the onset of  the first episode 
of  DIAP such as valproic acid[5]. Below we discussed a 
few classic examples of  toxin-mediated DIAP.

Nucleoside reverse transcriptase inhibitor: The lead-
ing hypothesis of  nucleoside reverse transcriptase inhibi-
tor (NRTI)-associated pancreatitis involves mitochondrial 
toxicity caused by the inhibition of  human mitochondrial 
DNA polymerase-gamma[27]. This inhibition leads to im-
paired oxidative phosphorylation and failure to synthesize 
ATP, which is vital for energy-requiring reactions within 
the cell. Tissues with the highest energy demand appear 
to be most susceptible. Mitochondrial toxicity is shared 
among nucleoside analogues and AP attributed to these 
agents has been described[28]. The degree of  mitochon-
drial impairment and the resultant tissue-specific clinical 
manifestations vary depending on the NRTI. Among 
non-nucleoside reverse transcriptase inhibitors, nevirap-
ine is associated with pancreas-related toxicities, whereas 
efavirenz is not[29,30].

Metronidazole: One speculative mechanism of  metro-
nidazole-induced pancreatitis is that under aerobic condi-
tions, it may undergo redox cycling and yield hydrogen 
peroxide, superoxide, and other free radicals, which can 
be toxic to pancreatic beta cells and induce pancreatitis[31]. 

Pentamidine: Pentamidine has a cytotoxic effect on 
pancreatic b-cells isle and can cause hypoglycemia or 
hyperglycemia[32]. Same effect can be expected on acinar 
pancreatic cells.  

L-asparaginase: Animal models suggested that L-aspar-
aginase -induced pancreatic injury can involve disruption 
of  the plasma amino acid balance. Disruption of  protein 
synthesis in acinar cells can cause inhibition of  exocytosis 
following the histologic morphologic changes[33].

Tetracycline: Medications in the tetracycline class, in-
cluding tetracycline, minocycline, and oxytetracycline, are 
also associated with AP[34-37]. Tetracycline-induced fatty 
metamorphosis of  the liver usually accompanies evidence 
of  pancreatitis, but pancreatitis without evidence of  liver 
disease has also been observed after administration of  
tetracycline. Steinberg hypothesized that accumulation 
of  an unidentified toxic metabolite may be the cause of  
tetracycline-induced pancreatitis[38]. Others suggest that 
high biliary concentration of  tetracycline may be associated 
with tetracycline-induced pancreatitis[39]. Bile concentra-
tions of  minocycline after a 200 mg loading dose followed 
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by one single 100 mg dose were observed to be more 
than 10 times higher than concurrent serum concentra-
tions (mean serum concentration 0.65 mcg/mL, range 
0.07-1.85 mcg/mL)[40]. Tigecycline, the first available 
member of  the glycylcycline group, is a derivate of  mi-
nocycline and can share similar side effects. Concentra-
tions of  tigecycline in bile (median 75.2 mg/L, range 
15.9-1150 mg/L) were also found to be several logs 
greater than concurrent serum concentration (median 
0.112 mg/L, range 0.042-0.25 mg/L) after a single 100 
mg dose. The mean and median bile-to-serum 24-h area 
under the concentration-time curve (AUC0-24) ratios were 
537 and 368 respectively[41]. It is reasonable to suspect 
DIAP as a possible complication in tigecycline treated pa-
tients. Several cases have been reported previously[42].

Metabolic 
Hypertriglyceridemia: It is generally accepted that lev-
els of  triglycerides (TG) greater than 1000 mg/dL may 
increase the risk of  precipitating an episode of  pancre-
atitis[43]. The breakdown products of  TG are probably 
responsible for inducing pancreatitis. When lipase in the 
pancreatic capillary bed acts on the high levels of  TG in 
serum, toxic free fatty acids are generated. The endothe-
lial lining of  small pancreatic blood vessels is the first site 
of  injury. Damages of  small blood vessels lead to recruit-
ment of  inflammatory cells and thrombosis. Hyperlipid-
emic pancreatitis may be associated with normal serum 
amylase but with elevated serum lipase levels[44]. With 
excessive TG, local ischemia and acidemia may occur due 
to capillary obstruction[45]. This damage exposes TG to 
pancreatic lipases, which impact degradation of  TG[46]. 
Hydrolysis of  TG by pancreatic lipase, excessive forma-
tion of  free fatty acids with inflammatory changes, capil-
lary injury, and hyperviscosity are postulated to account 
for the development of  hypertriglyceridemia-induced 
pancreatitis. 

Drugs including estrogens, isotretinoin, propofol, reti-
noid derivatives, HIV protease inhibitors, b-blockers, thi-
azides, and furosemide are thought to induce AP owing 
to hypertriglyceridemia. Estrogen is the most well studied 
drug in this manner. Exogenous estrogens increase serum 
TG and fatty acids primarily by reducing levels of  lipo-
protein and hepatic lipases, which subsequently decrease 
clearance and aggravate insulin resistance[47]. Typically, es-
trogen-related pancreatitis occurs within the first months 
following estrogen initiation. Obese patients with under-
lying glucose intolerance or fasting hypertriglyceridemia 
are at greater risk[44]. However, reports have also shown 
that estrogen-associated DIAP can happen without el-
evated serum lipid concentrations[48,49]. It is thought that 
arteriolar thrombosis may be another potential mecha-
nism of  action[48,50]. Tamoxifen and clomiphene are syn-
thetic estrogen analogues with mixed agonist-antagonist 
actions. Cases of  tamoxifen- or clomiphene-associated 
AP have been reported with mechanisms similar to that 
of  estrogen. 

Dibenzodiazepine-derived atypical antipsychotics (i.e., 

clozapine, olanzapine, and quetiapine) may also be a po-
tential cause of  DIAP. Both risperidone and ziprasidone 
are non-dibenzodiazepine atypical antipsychotics and 
appear to have minimal effect on serum lipids[51]. This is 
another example where clinicians can apply the general 
knowledge of  each medication when evaluating the likeli-
hood of  DIAP for the newer medications. 

The previous section discussed that tetracyclines-associated 
DIAP due to its toxic metabolite and high biliary concentra-
tions. Elmore and Rogge[36] also proposed a tetracycline-
induced hypertriglyceridemia mechanism with subsequent 
pancreatitis. Tetracycline inhibits protein synthesis by bind-
ing to the 30S ribosomal subunit in the messenger ribonu-
cleic acid (mRNA) translation complex. Blockage of  protein 
synthesis could result in accumulation of  defective proteins 
within hepatocytes. This inhibits the release of  TG from the 
liver, which may lead to pancreatitis.

Hypercalcemia: Calcium is identified as the most impor-
tant intracellular element in acinar cell stimulus-secretion 
coupling[52]. Disruption in the secretory process could be 
the mechanism by which hypercalcemia induces pancre-
atitis. Based on experimental studies, increase in extracel-
lular calcium leads to a functional secretory block with 
dose-dependent characteristics[53]. Acinar cell stimulation 
induces spikes in cytosolic calcium concentration by 
repetitively releasing calcium from intracellular stores, 
which activates the normal secretory process of  digestive 
enzymes from intracellular zymogen stores. Excessive 
extracellular calcium concentration leads to sustained 
increases in cytosolic calcium. It results in vacuole forma-
tion and trypsinogen activation and eventually leads to 
edematous or necrotizing pancreatitis[54]. Research indi-
cates that hypercalcemia is associated with an increase in 
serum enzymes[44]. Intravenous calcium administration 
has been associated with pancreatitis in at least two pub-
lished reports. Additionally, pancreatitis has been cor-
related to cases of  vitamin D poisoning and to patients 
receiving total parenteral nutrition[55]. It is suspected that 
all drugs which can cause hypercalcemia carry risk of  in-
ducing AP. 

Thiazides, a class with hypertriglyceridemia potential, 
could also induce hypercalcemia and hypophosphate-
mia. Thiazide-induced reductions in blood pressure may 
lead to pancreatic ischemia. They may act directly on the 
pancreas or indirectly by altering calcium metabolism. 
Therefore, there are multiple mechanisms exhibited by 
thiazides that could potentially lead to AP.

Vascular 
Ischemia is an uncommon cause of  AP. Pancreatic infarcts 
may occur in patients with underlying atherosclerotic vas-
cular disease, but they are unusual because the pancreas 
is richly perfused from several different arterial sources. 
Cholesterol emboli may cause pancreatitis, cholecystitis, 
or bowel ulceration or infarction, and should be suspected 
when AP occurs after vascular interventions such as car-
diac catheterization. Patients may have associated evidence 
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of  renal, gut, or peripheral cholesterol emboli. Ischemic 
pancreatic and hepatic injury may be associated with ma-
lignant hypertension, low flow states due to severe heart 
failure, or administration of  potent vasoconstrictors. Vas-
culitis may cause pancreatitis associated with systemic au-
toimmune diseases. Acute pancreatitis secondary to drug-
induced lupus syndrome has also been described[56].

Contrast-induced pancreatitis may be related to de-
creased oxygenation and impaired circulation of  the pan-
creas. Iopamidol has a viscosity of  9.4 cP at 37 degrees 
centigrade versus human plasma of  1.72 cP at hematocrit 
of  43%. A similar pathophysiologic process has been 
proposed in contrast-induced kidney injury. Cholesterol 
crystal embolization may be another mechanism that re-
sults in occlusion of  small arteries[57]. 

Immune-mediated reaction 
Direct immunological effects are usually observed within 
the first month of  drug exposure, whereas toxic effects 
are noted after a few months of  treatment[45]. Researchers 
have also considered AP an immune-mediated reaction if  
relapse occurs rapidly after re-challenge as seen with sul-
fonamides and aminosalicylates (e.g., sulfasalazine and me-
salazine)[58-60]. The latency between initiation of  the drug 
and the onset of  DIAP is usually one week to a month, 
but reexposure can lead to a new episode in one to three 
days[5]. Cases of  azathioprine or the thiopurine bases 
mercaptopurine-induced pancreatitis are well document-
ed. Studies have shown patients with decreased levels of  
thiopurine metabolizing enzyme inosine triphosphate py-
rophosphatase may be at an increased risk of  developing 
thiopurine-induced AP. However, 6-tioguanine-induced 
pancreatitis is less common than conventional thiopurine. 
Only 1% of  inflammatory bowel disease (IBD) patients 
previously intolerant to the conventional thiopurines are 
reported to have 6-tioguanine-induced AP after treat-
ment[61]. A strong correlation with immune disorders, 
mainly Crohn’s disease and HIV infections, implies an 
immune-mediated reaction as a chief  causative factor of  
the disease. 

Angiotensin-converting-enzyme inhibitors: Cap-
topril, enalapril, lisinopril, perindopril, benazepril, and 
quinapril have all been associated with AP[25,52]. Pancreatic 
duct obstruction by local angioedema may be the mecha-
nism by which angiotensin-converting-enzyme-inhibitors 
cause pancreatitis. Others propose a direct toxic effect on 
pancreatic cells. Since captopril is structurally dissimilar 
to enalapril and lisinopril, an allergic reaction seems less 
likely. Angiotensin receptor blockers may share a similar 
mechanism for pancreatitis, at this point definitive cases 
are not described in literature[10].

Alternative medicines including herbal medication 
There are very limited data of  DIAP associated with 
herbal or over the counter medications when compared 
to prescription medications. Although a mechanism for 
saw palmetto-induced AP has not been thoroughly estab-

lished, cases of  saw palmetto-induced cholestatic hepatitis 
associated with AP have been reported. Currently, there 
are only two reported cases of  saw palmetto induced AP. 
Another theory suggests that it occurs through its estro-
genic effects by stimulating estrogen receptors and then 
induces a hypercoagulable state that leads to pancreatic 
necrosis[2]. This information should prompt clinicians to 
consider saw palmetto a potential cause of  AP. 

A WORK UP FOR ACUTE PANCREATITIS
Since no specific test for establishing the diagnosis of  
DIAP is available, the diagnosis is usually based on ex-
cluding all other common causes. Pancreatitis is suspect-
ed when a patient presents with clinical features including 
acute onset of  persistent and severe epigastric abdominal 
pain, and is then confirmed by laboratory and imaging 
studies that exclude other serious intra-abdominal condi-
tions. Most patients will have elevations in serum levels 
of  amylase or lipase within a few hours of  the onset of  
symptoms. Lipase tends to remain elevated longer than 
amylase. Amylase and lipase levels above three times the 
upper limit of  normal are mostly associated with pancre-
atitis. Once these levels are elevated, serial measurements 
are of  no clinical significance for prognosis or outcomes. 
They should not be obtained routinely after the initial 
measurements are obtained. 

Imaging studies are used to establish the diagnosis, 
but also to determine etiology and prognosis. Both ab-
dominal ultrasound and abdominal computed tomogra-
phy (CT) can be used interchangeably; however, the latter 
is preferred as it can provide alternative diagnoses.

As part of  the investigation for potential causes of  
AP, a history of  alcohol/tobacco use, previous biliary 
colic, medication history, family history, and recent trau-
ma should be elicited. Gallstone-associated pancreatitis 
should be suspected if  stones are seen on imaging stud-
ies or if  liver chemistries are abnormal and then improve 
over a few days. A three-fold elevation of  ALT has a high 
predictive value for gallstone-associated AP. Hypertriglyc-
eridemia, especially with levels above 1000 mg/dL, and 
hypercalcemia can be evaluated based on laboratory data. 
Infections, including viral etiologies, are potential causes 
of  AP as well. 

A suspected drug etiology should be considered af-
ter the exclusion of  more common causes of  illness. As 
mentioned above, it is challenging to establish the causal-
ity between medications and associated AP. The use of  
classification systems may be useful as the first screening 
tool. Since the mean interval between initial drug adminis-
tration and start of  the symptoms is approximately 5 wk, 
with a range of  2 to 36 wk[46], clinicians can target those 
medications when reviewing the medication profiles. If  
the mediations are not listed on these summarized lists, 
clinicians should identify if  similar structured medications 
have been associated with DIAP and evaluate the possibil-
ity of  sharing a similar mechanism of  inducing pancreati-
tis. Once the target agent is identified, the offending agent 
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should be discontinued, preferably one at the time to 
avoid confounders. Most reactions are reversible and re-
solve on their own within 3-7 d after the offending agent 
has been discontinued. Due to the nature of  the disease 
state and ethical consideration, re-challenge of  the sus-
pected drug is usually not possible. Often times, the medi-
cation can be just a possible/probable cause of  AP. If  re-
challenge of  the suspect drug is considered necessary, the 
patient’s written informed consent should be obtained. An 
algorithm of  identifying a potential case of  drug induced 
AP is presented in Figure 2. 

DISCUSSION 

Hundreds of  medications have been suggested to be 
the potential cause of  AP, although the true incidence 
of  DIAP is unknown. Evidence associating drugs with 
AP is largely based on individual cases. It is unrealistic 
to expect a comprehensive list that includes all agents 
associated with AP due to continuously reported new 
cases. Although relapse of  pancreatitis after controlled 
re-challenge confirms a causal relationship, such proof  
is uncommon. Furthermore, re-challenge is only ethical 
when the same treatment is absolutely necessary for the 

patient. It leads to only few causal relationships for the 
reported agents. 

Few causative agent classifications have been pro-
posed. These classifications have helped clinicians under-
stand the quality of  evidence behind each potential caus-
ative agent. However, with the exception of  a few agents 
with a definite relationship confirmed by re-challenge, 
it depends on each individual report to exclude all other 
possible causes, especially drug effects that may be dif-
ficult to separate from the underlying conditions. Clini-
cally, certain subpopulations such as children, women, the 
elderly, patients with IBD and patients with HIV appear 
to be at a higher risk[2]. Mesalazine, azathioprine, and 
corticosteroids, for instance, are used in the treatment of  
IBD which itself  increases the risk of  AP. Anti-retroviral 
agents is another example as HIV is an independent risk 
factor of  AP. A study that compared patients with and 
without HIV infection found a drug-related etiology in 
41% and 5% of  the patients with AP respectively[62]. The 
use of  NRTIs such as didanosine, stavudine, and lamivu-
dine and co-administration of  other medications such as 
pentamidine, cotrimoxazole, antimycobacterial therapy, or 
cytotoxic chemotherapy for at least 6 mo were found to 
be a significant risk factor for at least a three-fold increase 
in serum pancreatic enzymes (P < 0.05). Certain medica-
tions, such as proton pump inhibitors and histamine2-
receptor antagonists as well as NSAIDs, may be initiated 
in response to early symptoms of  unrecognized pancre-
atitis. This may have led to erroneously attributing the 
pancreatitis to these medications[63,64]. Repeated cases of  
DIAP are more likely to be published or even diagnosed 
than those without prior reports. Due to underreporting 
incidence rates from spontaneous reports and potential 
publication bias with only reporting severe cases, it has 
further complicated the assessment of  the causal relation-
ship between drugs and AP based on current proposed 
classification. 

Efforts have been devoted to improve drug safety 
surveillance strategies. Vilar et al[65] have shown promis-
ing results of  detecting adverse drug events related to 
pancreatitis by developing molecular fingerprint-based 
models. The models were based on the premise that simi-
lar molecules can have comparable biological properties. 
For example, tigecycline is structurally related to minocy-
cline and shares similar pharmacokinetic properties and 
side effects with tetracyclines. Not surprisingly, cases of  
tigecycline-induced AP were reported soon after its intro-
duction to the market[42]. Nevertheless, DIAP is generally 
not considered as a drug class effect, so specific drugs are 
usually noted instead of  the entire class[14]. It is suggested 
that clinicians take the potential mechanism of  DIAP 
into account. For example, ceftriaxone has different 
pharmacokinetic properties than other cephalosporins 
and may lead to secondary pancreatitis caused by only 
ceftriaxone induced pseudolithiasis.  

Limited data exist regarding the mechanisms of  
DIAP. The pathogenesis is not completely understood. 
Nevertheless, DIAP should not have unique features that 

Patient with suspected AP (abdominal pain; jaundice, elevated 
serum amylase, lipase, or hepatic transaminase levels)

Obtain patient history: 
   Previous symptoms or episodes 
   History of gallstones
   Alcohol use
   History of hypertriglyceridemia or hypercalcemia
   Family history of pancreatic disease
   Prescription and nonprescription drug history
   History of trauma, and the presence of concomitant 
   autoimmune diseases

Imagining Study of abdomen (ultrasound or CT) 
and 

Laboratory test including triglyceride, calcium, and liver 
biochemistries 
*If considering autoimmune pancreatitis, antinuclear antibody 
levels and serum IgG4 levels should be obtained.  

Exclusion of common causes of AP

Identify the suspected drug
   Drugs associated with AP based on previous summarized lists
   Drugs related to medication with known risk factor of AP
   Drugs with similar mechanisms of inducing AP

Symptoms resolution following drug withdrawal 

   Drug-induced etiology probable
   If drug is rechallenged due to risk benefit and recurrence of 
   AP, drug-induced etiology confirmed  

Figure 2  Algorithm of Identifying A potential case of drug induced acute 
pancreatitis. AP: Acute pancreatitis.
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distinguish it from AP due to other causes. Drugs may 
lead to pancreatitis by inducing known risk factors of  
AP such as structural (e.g., cholestatic liver injury, spasm 
of  the SO, duct obstruction/constriction, and stones), 
metabolic (e.g., hypertriglyceridemia and hypercalcemia), 
and vascular effects. Some drugs or drug metabolites may 
theoretically have a direct toxic effect on the pancreas. 
Other than known mechanisms of  toxicity such as mi-
tochondrial toxicity and protein synthesis inhibition, the 
high level of  gastrointestinal drug concentration may be 
needed to cause cytotoxic damage. Drugs with a definite 
causal relationship to AP including isoniazid, metroni-
dazole, valproic acid, mesalamine, and tetracycline share 
similar pharmacokinetic properties by extensive hepatic 
metabolism. If  other potential causes of  DIAP have 
been ruled out, drugs that are highly concentrated in 
the gastrointestinal tract could be potential suspects of  
DIAP. For other drugs, an immunoallergic idiosyncratic 
reaction is more likely. Re-challenge with these drugs usu-
ally leads to prompt recurrence of  symptoms in a dose-
independent manner. In an animal study, the results sug-
gest that DIAP is multifactorial and may explain why the 
incidence of  DIAP is low[18].  

Establishing a definitive causal relationship between a 
drug and AP poses a challenge to clinicians. Depending 
on the agents, the time from the initiation of  therapy to 
the onset of  pancreatitis symptoms varies. Pancreatitis 
can occur within a short time after administration of  the 
first dose to years after therapy begins for most of  the 
drugs. The unrealistic expectation of  the comprehensive 
list and the multifactorial natures of  the causes of  AP call 
for a different approach. This article reviews the potential 
mechanisms of  DIAP and provides the perspective of  
deductive reasoning in order to identify potential DIAP. 
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