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Pancreatitis is regarded by clinicians as one of the most complicated and clinically challenging of all disorders affecting

the abdomen. It is classified on the basis of clinical, morphological, and histological criteria. Causes of acute pancreatitis

can easily be identified in 75–85% of patients. The main causes of acute, recurrent acute, and chronic pancreatitis are

gallstone migration and alcohol abuse. Other causes are uncommon, controversial, or unexplained. For instance,

cofactors of all forms of pancreatitis are pancreas divisum and hypertriglyceridemia. Another factor that should be

considered is a complication of endoscopic retrograde cholangiopancreatography: post-endoscopic retrograde

cholangiopancreatography acute pancreatitis. 
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1. Introduction

The pancreas is a secondary retroperitoneal organ located in the upper part of the abdomen. Macroscopically, it has

conventionally been divided into three main parts: the head, the body, and the tail . Anatomically, some structures such

as the uncinate process are commonly regarded as parts of the head, which is located below the superior mesenteric

artery and vein, and the neck, situated above those vessels . The head is surrounded by a loop of the duodenum. The

body, extending almost perpendicular to the median plane, is located below the stomach. It crosses the superior

mesenteric artery and vein, the abdominal aorta, the inferior vena cava, and the hepatic portal vein. Finally, the tail

approaches the hilum of spleen.

The pancreas is a key organ in overall body homeostasis; it is responsible for regulating macronutrient digestion and

releasing hormones that control digestive processes and the blood glucose level. It has two distinct components: the

exocrine pancreas and the endocrine islets . Anatomical variations of the pancreas and pancreatic ducts are

uncommon. The structure of the pancreatic ducts is normal in 94.3% of cases; the remaining 5.7% show many different

variations, many of which remain asymptomatic and undetected until adulthood. They are frequently detected as

incidental findings on clinical imaging . Distinct diseases affect the exocrine and endocrine pancreas. They can affect

physiological functions or arise from pancreatic dysfunction. Those concerning the exocrine pancreas are acute and

chronic pancreatitis ; pancreatic cancers , most of which are ductal carcinomas; cystic fibrosis ; and pancreatic

insufficiency leading to malabsorption syndrome . Diabetes  and rare pancreatic neuroendocrine tumors arise from

the endocrine islets .

2. Gallstones

The biliary etiology of pancreatitis has a female predominance, which can be explained by cross-sectional studies

showing that 50% of women and only 15% of men have cholelithiasis . According to reports by the European

Association for the Study of the Liver published in 2016, gallstones in both the gallbladder and the bile duct increase the

risk of pancreatitis. Three quarters of patients with cholecystolithiasis are asymptomatic, while 8% of those with gallstones

eventually develop AP .

Often the first symptom of biliary stones is AP, though most patients recover completely after a mild edematous

pancreatitis episode. Unfortunately, 15–30% develop severe necrotizing pancreatitis, necessitating intensive care and

multidisciplinary treatment strategies . Acute biliary pancreatitis is triggered by gallstone migration, leading to obstruction

of the bile duct or pancreatic duct, or both. The most common location of obstruction is the terminal common bile–

pancreatic duct. Most researchers agree that bile–pancreatic duct obstruction and pancreatic hyperstimulation are the

main causal factors in acute biliary pancreatitis .

Two predominant causal hypotheses, gallstone migration and common pathway , agree that bile–pancreatic duct

obstruction is the most crucial factor for acute biliary pancreatitis. Duct obstruction increases pancreatic duct pressure,
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activates bile and trypsin reflux, and causes trypsin activation, pancreatic auto-digestion, and local inflammation.

However, such an obstruction does not induce the kind of morphological changes typical for AP, suggesting that other

factors must be involved . It is hypothesized, without supportive evidence, that pancreatic acinar hyperstimulation

causes and aggravates AP in the presence of duct obstruction .

3. Alcohol Abuse

The second most common cause of AP is alcohol abuse . It has been established that excessive alcohol

consumption can initiate an episode of AP and increase susceptibility to CP. However, although epidemiological data

support the connection between alcohol and pancreatitis, only a minority of alcoholics ever experience AP or CP. This

suggests that alcohol consumption is rarely the only factor precipitating pancreatitis. Alcohol sensitizes the pancreas to

cofactors such as infectious agents, tobacco smoke, and a high fat diet. Interestingly, tobacco smoke is an independent

and probably a stronger risk factor than alcohol consumption in the etiology of CP  (Weiss et al., 2019).

According to Gao et al. , the development of pancreatitis is influenced by environmental and genetic factors, and

alcoholic pancreatitis could be favored by unsuccessful inhibition of trypsin activation or unsuccessful removal of active

trypsin from the pancreatic ducts. Thanks to the expression of relevant genes, including aldehyde dehydrogenase

(ALDH), alcohol dehydrogenase (ADH), cytochrome P450 (CYP2E1) and catalase, the pancreas, like the liver, can

metabolize alcohol by oxidative and non-oxidative pathways. The oxidative pathway generates reactive oxygen species

and acetaldehyde; fatty ester ethyl esters, which can injure the pancreas, are formed through the non-oxidative pathway.

Ethanol and its metabolites disturb intracellular homeostasis in the pancreatic acini, for instance leading to endoplasmic

reticulum stress, impaired autophagy, or activation of lysosomal and pancreatic digestive enzymes .

4. Hypertriglyceridemia

Ten percent of AP cases are associated with an elevated triglyceride level . Most patients with hypertriglyceridemia

remain asymptomatic. It is assumed that elevated serum levels of triglycerides and chylomicrons increase blood viscosity,

causing local ischemia of the pancreatic tissue. Tissue ischemia changes metabolism from aerobic to anaerobic; cells

produce ATP through anaerobic glycolysis, the final product of which is l-lactate. Local ischemia promotes an increase in l-

lactate concentration and causes acidosis, which enhances the toxicity of free fatty acids and causes the auto-activation

of trypsinogen. When combined with other risk factors such as alcohol, drugs, or tobacco, ischemia associated with

hypertriglyceridemia can cause AP.

An idiosyncratic risk of recurrent episodes of AP is observed in patients with familial lipoprotein lipase deficiency .

Owing to the increased levels of cholesterol and triglycerides caused by hormones, pregnant women also have an

inherent risk of hypertriglyceridemia-induced AP .

There are two types of hypertriglyceridemia, primary and secondary, which show specific differences. According to

Fredrickson’s classification , there are five types of primary hypertriglyceridemia, of which types I, IV, and V are

associated with a higher risk of AP. Primary hypertriglyceridemia is caused by inherited autosomal recessive (type I) or

autosomal dominant (types IV and V) mutations. Type I is characterized by increased chylomicrons, type IV is associated

with high very-low-density lipoproteins (VLDLs), while in type V there are increased concentrations of both chylomicrons

and VLDL. Secondary hypertriglyceridemia is associated with modifiable and environmental factors: pregnancy, obesity,

inappropriately controlled diabetes, acute and chronic alcohol abuse, or medications.

According to the Atlanta classification system , a serum triglyceride level exceeding 1000 mg/dL is the basis for

diagnosing hypertriglyceridemia-induced AP. A fifth of all patients meeting this criterion are at increased risk of developing

at least one attack of AP.

5. Endoscopic Retrograde Cholangiopancreatography (ERCP)

An iatrogenic cause of acute pancreatitis is a complication of ERCP, termed post-ERCP acute pancreatitis. Post-ERCP

acute pancreatitis is the most common serious adverse event attributed to the procedure. It is defined as pancreatitis with

the presence of new or worsened abdominal pain, amylase at least three times normal at more than 24 h after the

procedure, requiring admission or prolongation of planned admission to 2–3 days . The relevant factors can be

patient-related, operator-related, or procedure-related . After the procedure, 35–70% of patients exhibit asymptomatic

hyperamylasemia. ERCP is associated with a higher risk of inducing AP when the procedure is used to treat a

dysfunctional sphincter of Oddi than to remove gallstones from the bile ducts . Patient-related factors are gender, age,
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Oddi sphincter anomalies or pancreatic anomalies (e.g., pancreas divisium), preexisting pancreatitis, and biliary

pancreatitis, an indication for ERCP . Other risk factors for post-ERCP AP include the number of attempts to cannulate a

papilla and poor emptying of the pancreatic duct after opacification . Improper canulation of the greater papilla of the

duodenum can cause swelling, sphincter contraction, and obstruction of the pancreatic ducts . The physicochemical

properties of the contrast medium such as osmolarity, pH, and composition can contribute to hydrostatic and chemical

injury to the pancreas. Additionally, the administration of contrast, which entails an increase in pressure, can induce the

activation of pancreatic digestive enzymes, which then cause pancreatic autodigestion and local inflammation . In order

to prevent post-ERCP AP in high-risk patients, a temporary pancreatic stent is being introduced .

6. Pancreas Divisium

A common congenital anatomical variant of the pancreatic ducts is a lack of connection between the ventral and dorsal

ductal systems, called pancreas divisium. This variation can cause inadequate patency or stenosis in the minor papilla,

which leads to the prevention of drainage of pancreatic secretions and, consequently, increases the intraductal pressure.

However, whether pancreas divisum is associated with AP is controversial .

7. Intraduct Papillary Mucinous Tumor

An intraduct papillary mucinous tumor can also cause AP. The tumor, or mucus produced by the cancer cells, blocks the

pancreatic duct or its side branches, or both. A consequence of pancreatic duct obstruction resulting from mucus deposits

and pancreatic hyperstimulation is an increase in pressure in the pancreatic ducts. Thus, pancreatic tumors that produce

mucus can cause AP by the same mechanism that underpins acute biliary pancreatitis .

8. Autoimmune Pancreatitis

A unique form of chronic pancreatitis is called autoimmune pancreatitis (AIP), in which autoimmunity against unidentified

auto antigens is responsible for the chronic fibro-inflammatory responses in the pancreas . AIP is classified into type

1 AIP and type 2 AIP on the basis of clinical features, pathological findings, and IgG4 antibody (Ab) responses . In

general, it is accepted that type 1 AIP is a pancreatic manifestation of the systemic IgG4-related disease (IgG4-RD). IgG4-

RD is a newly defined disease characterized by elevated serum levels of IgG4 Ab and involvement of multiple organs.

Predominant pathological feature of IgG4-RD, as well as type 1 AIP, is a massive infiltration of IgG4-expressing

plasmacytes into the affected organs, accompanied by storiform fibrosis . The presence of neutrophils, but not

IgG4-expressing plasmacytes, is a pathological characteristic of type 2 AIP .

It is worth mentioning that Shiokawa et al.  were the first to show that the incidence of cancer after the diagnosis of AIP

is significantly higher in patients with AIP than in a sex-, age-, and observation period-matched standard population in a

multicenter, retrospective cohort study. Yamamoto et al.  also showed that the incidence of cancer after the diagnosis of

IgG4-RD is markedly higher in patients with IgG4-RD than in a sex-, age-, and observation period-matched standard

population. Several case reports showed that the presence of AIP may be more closely associated with the risk of cancers

of extra-pancreatic organs, such as the stomach, lung, and prostate, rather than pancreatic cancer. Therefore, it is unlikely

that the presence the presence of AIP and/or IgG4-RD promote the development of pancreatic cancer through

inflammation-associated carcinogenesis , in contrast to chronic pancreatitis, which is one of the strongest risk

factors for the development of pancreatic cancer . The large number of AIP patients in whom cancers are detected at or

within one year of the AIP diagnosis strongly suggests, according to a concept proposed by Shiokawa et al.—that AIP

and/or IgG4-RD sometimes arise as a paraneoplastic syndrome .

9. Genetic Risk

Genetic risk for RAP and CP is similar, whereas, due to the absence of adequate follow-up that can exclude RAP and CP

cases, genetic studies in AP are difficult to interpret. As mentioned before, AP, RAP, and CP form a disease continuum 

. Genetic risk factors, as well as chronic alcohol consumption, often lead to the progression of a sentry attack of AP to

RAP and eventually to CP. Proteins highly expressed in the pancreas, such as digestive proteases and a trypsin inhibitor,

are products of the majority of the pancreatitis risk genes. The various mutations and other genetic alterations, concerning

aforementioned pancreatitis risk genes, are classified into pathological pathways responsible for pancreatitis onset and

progression, namely the trypsin-dependent, misfolding-dependent, and ductal pathways .

Digestive proteases, secreted in inactive precursor forms by pancreatic acinar cells, are flushed from the ductal system in

a sodium bicarbonate-rich fluid. The precursor of trypsin-trypsinogen becomes activated by the serine protease
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enteropeptidase in the duodenum. Additionally, trypsinogen can be activated in the process called autoactivation, in which

it is activated by trypsin . Autoactivation or catalyzation by the lysosomal cysteine protease cathepsin B may lead to

premature, intra-pancreatic activation of trypsinogen. Protective mechanisms that avert trypsinogen activation in the

pancreas comprise trypsin inhibition by the serine protease inhibitor Kazal type 1 (SPINK1) and trypsinogen degradation

by chymotrypsin C (CTRC) and cathepsin L . As mentioned before, the main function of CTRC is to promote

trypsinogen degradation, however it also enhances trypsinogen activation by processing the trypsinogen activation

peptide to a shorter form, which is more sensitive to trypsin-mediated activation . Trypsinogen activation may be

stimulated to a pathological extent due to specific trypsinogen mutations that hijack the aforementioned mechanism.

According to the human genetic studies, trypsinogen autoactivation and CTRC dependent trypsinogen degradation are

the key mechanisms determining intrapancreatic trypsin activity . Mutations in specific genes have been established,

such as PPSS1, SPINK1 and CTRC mutations. Mutations in human cationic trypsinogen cause autosomal dominant

hereditary pancreatitis (HP) with incomplete penetrance or act as risk factors in sporadic CP . Additionally, PRSS1

mutations stimulate activation of cationic trypsinogen by reducing CTRC-dependent trypsinogen degradation, increasing

CTRC-mediated processing of the activation peptide, or directly stimulating autoactivation. Furthermore, the association

between the most common p.N34S SPINK1 variant and CP was proved, making the p.N34S the clinically most

SIGNIFICANT risk factor for CP . Moreover, the specific heterozygous mutations in CTRC gene, discovered in patients

with nonalcoholic CP by the use of direct DNA sequencing, increased CP risk by 5-fold on average . The mutations

cause loss of CTRC function by various mechanisms, which include defective secretion due to misfolding, catalytic

deficiency, resistance to trypsin-mediated activation, or increased degradation by trypsin . However, the protective

mutations have also been revealed, for instance protective anionic trypsinogen (PRSS2) variant or CTRB1-CTRB2 locus

inversion, which reduce CP risk .

Testing the patients’ DNA may help the clinicians to better understand the pathomechanism of pancreatitis, as well as

other diseases, to introduce appropriate therapy. For instance, in the case of RAP, diagnosing a specific genetic CP risk

factor allows the introduction of preventive actions. Thorough description of all pathways and connected mutations is too

extensive for the research. Researchers would like to present and thus prove, on the basis of one pathologic pathway,

that knowledge in the genetic field is the future of medicine.

10. Rare Causes

10.1. Hypercalcemia

A rare cause of AP is hypercalcemia. The low incidence of AP among patients with chronic hypercalcemia indicates that

additional factors are needed for AP to develop .

10.2. Drugs

Cases of drug-induced pancreatitis (DIP) have been reported, although they are rare (0.1–2%) . The most cases of

drug-induced pancreatitis (DIP) are mild to moderate in severity. Nevertheless, severe and fatal cases can occur . A

retrospective cohort study performed by Sánchez-Aldehuelo et al.  included patients with DIP between 2008 and 2018.

They concluded that drugs are a rare cause of pancreatitis, and furthermore, DIP mostly occurs within the first month of

treatment, is usually mild, and is associated with a low risk of recurrence. Management of DIP includes withdrawal of the

suspected active substance and supportive care .

Firstly, the diagnosis of DIP requires a diagnosis of AP, which is done on the basis of two of three criteria-typical belt-like

abdominal pain, elevated serum lipase level three times above the normal threshold and radiological imaging signs of

pancreatitis . The first two are present in the majority of cases, whereas the latter occurs slightly less frequently.

Due to that, in most of the patients, diagnosis of AP can be already established on the basis of abdominal pain and an

elevation of pancreatic enzymes . In the second step in diagnosing DIP, more common etiologies, such as gallstone

pancreatitis and ethanol-induced acute pancreatitis, have to be ruled out. Therefore, a detailed medical history and the

patient’s medications must be established. The history should include previous symptoms and any record of gallstones,

ethanol abuse, hypercalcemia, hypertriglyceridemia, and trauma. Additionally, laboratory assays, such as serum amylase,

lipase, triglyceride level, calcium level, and liver function tests, should be performed. Moreover, abdominal and

endoscopic ultrasounds should be performed to evaluate the condition of bile and pancreatic ducts for gallstones and

other obstructive possibilities such as tumors of the pancreas head. ERCP should not be performed after an episode of

AP in the absence of imaging or chemical evidence of choledocholithiasis . The next step is to discontinue any drugs

with the potential to cause pancreatitis or to exchange for a drug of a different class, if possible. Suspicion of DIP

increases if the pancreatitis resolves after discontinuation of the drug. Finally, a reliable diagnosis can be established with

[43]

[44][45][46]

[47][48]

[42]

[46]

[46]

[49]

[50]

[51][52]

[6][53]

[6]

[54]

[55]

[54]

[56][57][58]

[58]

[57][59]



a rechallenge of the suspected drug that results in the recurrence of pancreatitis symptoms . Mostly due to delays

in diagnosis, cases of DIP are associated with higher morbidity, extended hospital stays, and increased healthcare costs.

Therefore, patients presenting with pancreatitis of unknown etiology should be thoroughly questioned regarding drugs that

could be connected with DIP .

The pathomechanism of DIP is associated with cytotoxic and metabolic effects, sphincter contraction, hypersensitivity

reactions, arteriolar thrombosis, and local angioedema. Commonly prescribed drugs associated with AP include

angiotensin-converting enzyme (localized angioedema), statins (direct and accumulation toxicity), oral contraceptives or

hormone replacement therapy, especially estrogen (hypertriglyceridemia, local arteriolar thrombosis), antiviral therapy

(HIV), diuretics, valproic acid, and antidiabetic agents such as GLP-1 mimetic . The best-known medicaments

causing DIP are 6-mercaptopurine or azathioprine, isoniazid, loop diuretics, and didanosine .

Other causes of DIP include antibiotics (metronidazole, tetracycline class, erythromycin, ampicillin, ceftriaxone,

clarithromycin, trimethoprim-sulfamethoxazole, and nitrofurantoin), immunotherapy (interleukin-2 immunotherapy,

programmed cell death protein 1 blockers, anti-cytotoxic T-lymphocyte-associated protein 4 agents), antiacids (2-blockers

and proton-pump inhibitors), antidepressants, antiseizure medications, steroids, and non-steroidal anti-inflammatory drugs

(NSAIDs) . However, both diclofenac and indomethacin, representatives of NSAIDs, may significantly reduce the risk of

post-ERCP acute pancreatitis . Furthermore, cases of vitamin-induced acute pancreatitis have been reported

involving vitamin D. Cases involved oral vitamin D, where pancreatitis seemed to be associated with the hypercalcemic

effect of vitamin D, and a vitamin D-analog (tacolcitol) ointment. Another group that should be mentioned is

antineoplastics, both antimetabolite and alkylating . Interestingly, a selective estrogen receptor modulator commonly

used for the treatment of estrogen/progesterone receptor positive breast cancer, namely tamoxifen, can also lead to

pancreatitis as a side effect. Tamoxifen, like oestrogens, increases the plasma level of triglycerides and liver secretion of

Very Low Density Lipoprotein. Furthermore, it inhibits the key enzymes of triglyceride metabolism. However, only few

cases of severe tamoxifen induced hypertriglyceridemia and pancreatitis have been reported. Clinicians must be aware of

this rare side effect of tamoxifen, as well as in the case of other high-risk drugs. Consequently, while using tamoxifen,

baseline and periodic testing of triglyceride level must be done, and care has to be taken, especially in previously diabetic

and hypertriglyceridemic females .

Many cases go unreported due to the absence of mandatory adverse drug reporting systems, decreasing the ability of

clinicians to causally link acute pancreatitis with medications. It is worth introducing similar reporting systems, as well as

classification systems or probability assessment scales, in order to facilitate the management of patients. The earliest

classification system of drug-induced pancreatitis was developed in 1980 by Trivedi et al. and included three classes .

The most recent classification system, developed by Badalov et al. , categorized implicated drugs into four classes.

Moreover, the adverse drug reaction probability scale by Naranjo et al.  can be used to establish the degree of

association between a drug and an adverse reaction. The scale determines the probability of an adverse drug reaction on

the basis of the cumulative score on 10 questions. Weissman et al.  recently proposed a specific drug-induced

pancreatitis probability assessment scale, which is modified from the Naranjo scale to be more pancreatitis-specific. It can

be helpful in determining the likelihood of DIP based on the aggregate score from a series of 10 questions. It was

suggested that the aforementioned scale increases the ability to accurately identify and implicate potential acute

pancreatitis-causing drugs.

10.3. Viruses

Viral pancreatitis is also described, most often the result of mumps, measles, coxsackie, Epstein–Barr virus, and hepatitis-

A virus infections . Recently, Aloysius et al.  reported the case of a patient with COVID-19 who presented with AP

without other risk factors.

11. Clinical Aspects

It is substantial to identify the etiology of AP on admission in order to introduce the best and, in the case of some patients,

the most specific therapy. The best intervention in biliary AP with cholangitis is early ERCP, in hypertriglyceridemia-

induced AP the introduction of lipid-lowering therapy, in the case of obstruction-evoked AP pancreatic stent placement

pancreatic duct is performed, while in autoimmune pancreatitis the steroid therapy is implemented .

Unfortunately, the IAP/APA guidelines, concerning the management with the patients with AP, inter alia, determining the

etiology of the disease, are insufficiently introduced into daily clinical practice. The etiology of AP remains unclear in

almost a quarter of all cases, which can be caused by an insufficient diagnostic work-up or other unknown etiological
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factors. The study by Zádori et al.  showed that 5% of the patients left the hospital after the first and second attacks of

AP without any imaging at all, whereas 25% of patients had no diagnostic work-up for biliary AP, such as laboratory tests.

The greatest insufficiency in etiology screening, amounting to 71–76%, concerned lipid-induced (triglyceride or

cholesterol) pancreatitis. In the case of additional diagnostic work-up for all idiopathic AP after index admission, in 91% of

the cases there was no search for biliary, anatomic, or cancer etiology by EUS or MRCP, for autoimmune AP in 98%

cases, for genetic AP in 99%, or for virus-induced AP after the first attack in 94%.

It is worth mentioning that the cause of about 40% of fatal AP cases is idiopathic, which emphasizes the significance of

determining the etiology. Moreover, defining the etiology is crucial for index AP, as well as for preventing recurrent or

chronic pancreatitis . It is important to know the latest guidelines and use them in everyday clinical practice.
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