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predominantly by US authors.

Introduction
Chronic pancreatitis is a “suffering” disorder owing 
to pain and related reduction in multiple quality of 
life measures resulting from a fibroinflammatory 
response to injury in the exocrine pancreas. In 
addition to pain, chronic pancreatitis can lead to 
exocrine and endocrine failure (that is, exocrine 
pancreatic insufficiency and diabetes) and an 
increased risk for pancreatic cancer. No cure for 
chronic pancreatitis exists, but understanding of 
the mechanisms of the disorder is increasing and 
significant progress in management has been made. 
The objective of this review is to summarize the latest 
information on chronic pancreatitis and provide 
suggestions for further research to improve the 
management for patients with this disease.

Sources and selection criteria
We searched PubMed from 1980 to April 2022 for 
systematic reviews, meta-analyses, randomized 
controlled trials (RCTs), and international guidelines 
in the English language, using the search term 
“chronic pancreatitis”. This found 23 457 articles 
and 285 clinical trials. We expanded the search 
to include observational studies on the topics of 
severity, management and treatment, interventional 
techniques, and complications of chronic 
pancreatitis. We excluded case reports and case series 
with fewer than 25 patients. We prioritized studies by 
design in the order noted above, national guidelines, 
and high quality studies with large patient numbers. 
In addition, we reference published guidelines and 
consensus statement for chronic pancreatitis.

Epidemiology
The prevalence of chronic pancreatitis is about 50 
per 100 000 people.1 This information comes mostly 
from survey and health system database studies in 
the United States,1-5 Japan,6 China,7  8 India,7  9 and 

Europe.10  11 Usually, chronic pancreatitis develops 
from recurrent episodes of non-gallstone acute 
pancreatitis. Variations in prevalence occur between 
regions and are based on differences in the causes of 
acute pancreatitis. That is, populations with high rates 
of gallstone acute pancreatitis compared with non-
gallstone acute pancreatitis have a lower prevalence 
of chronic pancreatitis, whereas populations with a 
high rate of non-gallstone acute pancreatitis (that is, 
due to alcohol misuse) have a higher prevalence of 
chronic pancreatitis. Other factors that contribute to 
variation in prevalence estimates across populations 
include differences in approaches to establish the 
diagnosis and study methods used for reporting.

Natural history
The original descriptions of the pathologic sequence 
of chronic pancreatitis come from the historical 
case series of 29 patients published in 1946.12 The 
authors proposed that episodes of repeated acute 
pancreatitis can lead to chronic pancreatitis on 
the basis of their histological findings in patients. 
This progression of findings of acute inflammatory 
necrosis to fibrosis with calcification is referred 
to as the necrosis-fibrosis theory. Further details 
about this progression have been recorded with case 
series, histological analyses, consensus reports, and 
a subsequent mechanism based model.13-17 These 
mechanisms are described in this review. In clinical 
practice, tissue is rarely available because of risks 
associated with biopsy, so the definitive diagnosis of 
chronic pancreatitis relies on advanced imaging or 
advanced endoscopic techniques identifying ductal 
abnormalities, parenchymal fibrosis, calcifications, 
and other findings such as ductal stones or 
pseudocysts.1 18 19 However, in clinical practice, the 
term acute-on-chronic pancreatitis is often used to 
describe recurrent relapses of pancreatitis symptoms 
consistent with the necrosis-fibrosis theory. Recently, 
a consensus definition from a group of international 
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pancreatitis experts described acute-on-chronic 
pancreatitis with worsening of the inflammatory 
process associated with chronic pancreatitis, 
resulting in a deterioration of the patient’s clinical 
condition and increased pancreatic pain.20

Because these diagnostic entities are not widely 
available, especially in poorly resourced countries, 
the exact prevalence of chronic pancreatitis is 
unknown. That is, determination of the true 
prevalence of chronic pancreatitis requires the 
complex assessment that is necessary to establish 
the diagnosis. Consequently, most series reporting 
the prevalence of chronic pancreatitis do so from 
the perspective of hospital admissions and varying 
levels of expertise in establishing the diagnosis, so 
an underestimate of the true disease prevalence in 
the entire population is likely.21

One frequently cited population based study 
from the Mayo clinic examined 106 cases of chronic 
pancreatitis between 1977 and 2006.4 Half of the 
cases were caused by alcohol and 58% were in men, 
with the age and sex adjusted incidence rate being 
2.9 cases/100 000 person years between 1977 
and 1986. The incidence increased to 4.4/100 000 
between 1997 and 2006. These data are somewhat 
old, and the increasing prevalence noted more than 
a decade and a half ago suggests that the current 
prevalence of chronic pancreatitis is higher than 
previously thought.

Chronic pancreatitis can result in both pancreatic 
exocrine insufficiency and diabetes. Diabetes 
associated with pancreatitis is observed in up to 
90% of patients depending on duration of chronic 
pancreatitis, according to a cohort study of more 
than two thousand patients.22 Furthermore, chronic 
pancreatitis is the strongest identified risk factor for 
pancreatic ductal adenocarcinoma (PDAC) according 
to case series and increases the risk at least 13.3-
fold.23 Importantly, the risk for PDAC in patients 
with both pancreatitis and diabetes is increased 
33-fold.24 A study from the Karolinska University 
Hospital (Stockholm) found that subpopulations of 
patients are at the greatest risk for PDAC by following 
581 patients with chronic pancreatitis from 2003 to 
2018 using available electronic medical records.25 
The results show that patients with diabetes and a 
high body mass index or with pancreatic exocrine 
insufficiency and a low body mass index at diagnosis 
of chronic pancreatitis are at the greatest risk for 
PDAC. Patients with chronic pancreatitis have a 
shortened lifespan, with death most often occurring 
from causes unrelated to the pancreas.1 4 15 26 27

Environmental, genetic, and anatomic factors
Chronic pancreatitis is more common in men 
than in women for all causes of the diseases.28 Of 
note, gallstone acute pancreatitis usually does not 
progress to recurrent and chronic pancreatitis unless 
gallstones remain untreated resulting in recurrent 
attacks that lead to chronic disease.1 Alcohol misuse 
is the most common cause of chronic pancreatitis 
(box 1).1 A review indicated that that a threshold 

of five drinks or more per day is associated with the 
development of chronic pancreatitis.29 However, 
less than 5% of heavy drinkers develop chronic 
pancreatitis, suggesting that additional factors are 
involved in disease development. One additional 
factor is smoking. That is, smoking and drinking 
are common coexisting behaviors that combined 
may contribute to the development of chronic 
pancreatitis.30 The risk of pancreatitis associated 
with current smoking was highest among men who 
consumed more than four drinks a day (hazard 
ratio 2.06, 95% confidence interval 1.28 to 3.30) 
according to a multiethnic cohort study.31 Recent 
studies suggest that alcohol misuse and smoking act 
synergistically for the risk of chronic pancreatitis.32

Hereditary pancreatitis represents a genetic 
cause of chronic pancreatitis. This disorder was 
first described in six family members over three 
generations.33 The underlying genetic defect was 
discovered in 1996 as a gain of function mutation 
in the PRSS1 gene that codes for the key pancreatic 
digestive enzyme, trypsin.34 These patients have early 
onset pancreatitis with recurrent attacks of acute 
pancreatitis and a family history of pancreatitis. 
Inheritance occurs as an autosomal dominant trait 
with variable expression.35 Chronic pancreatitis is 
also associated with loss of function gene mutations. 
Examples include serine protease inhibitor Kazal-
type 1 (SPINK1) and chymotrypsin C (CTRC) genes 
encoding for two different proteins that both inhibit 
trypsin activity.36  37 Thus, both gain of function 
and loss of function mutations lead to increased 
activation of trypsin, pointing out the importance of 
trypsin in the pathogenesis of pancreatitis.

Of note, the mutations of PRSS1, SPINK1, and 
CTRC involve digestive enzymes in the acinar cell of 
the exocrine pancreas.38 Genetic variants involving 
pancreatic ductal cell functions are also associated 
with progression of pancreatitis. The commonly 
associated variants are in the cystic fibrosis 
transmembrane regulator (CFTR). The physiologic 
importance of CFTR is that it is necessary for ductal 
ion and water secretion to carry digestive enzymes 
secreted by the acinar cells to the duodenum.39 
Mutations in CFTR are associated with chronic 
pancreatitis.40 Also, studies have shown that 
alcohol misuse inhibits CFTR function, supporting a 
crucial role for normal ductal function in preventing 
pancreatitis.41 42

Recently, a functional coding mutation inTRPV6 
(which encodes the transient receptor potential 
cation channel subfamily V member 6) was identified 
as a risk factor for the disease.43-46 Importantly, 

Box 1: Risk factors to consider in patients with 
chronic pancreatitis
•	Alcohol misuse
•	Smoking
•	Genetic alterations
•	Duct obstruction
•	Pancreas divisum
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functional mutations in TRPV6 often present in 
combination with other known risk factors including 
SPINK1, CTRC, and CFTR mutations.45 These findings 
emphasize that genetic variants often function in 
combination to set the stage for development of 
disease.

Genetic testing for patients is now available and 
should be considered in those without an otherwise 
known cause for their disease. Finding a genetic 
variant that underlies a patient’s disease is important 
as it enables them to explain their disease to care 
providers not familiar with the potential for genetic 
causes. For example, the knowledge can help to dispel 
the impression that they have chronic pancreatitis 
because of alcohol misuse and that they are drug 
seekers when asking for pain relief in an emergency 
setting. The knowledge also provides information 
for families to learn about genetic transmission. 
Finally, the testing will identify patients eligible 
for therapeutics that will be developed for specific 
genetic causes or consideration for pancreatectomy 
when the identified genetic abnormality is associated 
with an elevated risk for pancreatic cancer.

Ductal obstruction can occur from inflammatory 
strictures or tumors, which can progress from 
recurrent acute pancreatitis to chronic pancreatitis. 
Pancreas divisum is a common normal variant of 
ductal anatomy defined as non-fusion of the dorsal 
and ventral pancreatic ducts occurring in up to 7% 
of the general population. This anatomic variant 
means that most of the pancreatic secretions enter 
the duodenum through the smaller duct of Santorini, 
emptying into the duodenum through an accessory 
papilla. This anatomy is believed to increase pressure 
in the pancreatic duct, predisposing to pancreatitis. 
However, this concept is controversial, including 
the fact that patients with pancreas divisum and 
chronic pancreatitis may also have underlying 
genetic mutations, which may be involved in 
chronic pancreatitis pathogenesis.47 48 Most experts 
believe that if pancreas divisum is involved in the 
pathogenesis of chronic pancreatitis, it may be a co-
factor and not the sole causative factor.47

Finally, chronic pancreatitis can be a presentation 
of the multi-organ IgG4 related disorder referred 
to as autoimmune pancreatitis when the disorder 
involves the pancreas. Autoimmune pancreatitis 
can present as acute or chronic pancreatitis, but 
the most common clinical presentation is painless 
jaundice. Autoimmune pancreatitis more commonly 
occurs in patients over age 60 with a three to one 
male predominance. An increased concentration of 
circulating IgG4 is a serologic marker for autoimmune 
pancreatitis. This entity is important to identify as 
it is most often responsive to steroid treatment or 
alternatively to other immune modulators in steroid 
resistant cases.48

Mechanism of the fibro-inflammatory response and  
pain of chronic pancreatitis
The key histologic features of chronic pancreatitis 
include fibrosis, inflammation, and ductal changes 

with loss of acinar tissue and islets. The mechanisms 
of the fibro-inflammatory response and pain are 
interconnected by intercellular communications. The 
pathways described here are ones that we hypothesize 
are involved in the promotion of chronic pancreatitis. 
Important disorders in parenchymal cells of the 
pancreas that represent the acute injury response 
are reviewed elsewhere.49 Many of these acute injury 
pathways are identified in chronic pancreatitis, 
indicating the continuum from acute forms to 
chronic forms of pancreatitis.50 Experiments in 
animal models show that the pathogenesis of chronic 
pancreatitis is due to interactions with pancreatic 
stellate cells (PSCs) or activated macrophages. 
Transforming growth factor β (TGF-β) and Smad3 
signaling play key roles in the fibro-inflammatory 
response and the pain of this pancreatic disease.51 52

In normal pancreas, PSCs are in a quiescent state, 
characterized by lipid droplets containing vitamin 
A in their cytoplasm and minimal production of 
fibrosing extracellular matrix protein production.53 
However, in the environment of inflamed pancreatic 
tissue, PSCs become activated and produce 
abundant extracellular matrix proteins leading to 
fibrosis as well as inflammatory cytokines,54 55 which 
promote influx of myeloid cells and convert them 
to alternatively activated macrophages.52 These 
macrophages sustain the activated state of PSCs by 
secreting TGF-β, creating a feed-forward process by 
the fibro-inflammatory state of PSCs.52 Two specific 
cytokines, interleukin 4 and interleukin 13, secreted 
by activated PSCs, stimulate the conversion of 
monocytes and macrophages to their alternatively 
active state, which secrete prodigious amounts 
of TGF-β.52 Of note, the role of TGF-β in the fibro-
inflammatory response of chronic pancreatitis is 
well established.56-58 The TGF-β secreted by the 
macrophage maintains the PSC in its activated state, 
promoting more secretion of interleukins 4 and 
13.52 This interplay between activated PSCs and 
alternatively activated macrophages creates a feed-
forward process promoting the fibro-inflammatory 
response of chronic pancreatitis,52 and it provides 
for the production of TGF-β that mediates the 
pain of these pancreatic diseases by direct effects 
on sensory neurons in the pancreas mediated by 
SMAD3 signaling in the sensory neuron.51 The role 
of TGF-β in the mechanism of pain may represent one 
of many pathways involved. For example, studies 
show that chronic pancreatitis causes reorganization 
of brain networks, with involvement of alterations 
in descending inhibitory pathways and metabolic 
disturbances.59-62

Figure 1 shows the pathways described here. 
Agents that interrupt one or more nodes in these 
pathways will have a benefit for treatment in chronic 
pancreatitis. Of note, because chronic pancreatitis 
results from recurrent episodes of acute pancreatitis, 
agents that can beneficially affect mechanisms 
of acute pancreatitis may have a role in chronic 
pancreatitis. An example is use of Orai-1 inhibitor 
therapy currently under investigation for acute 
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pancreatitis.63-65 A role also exists for lymphoid cells 
in addition to myeloid cells in chronic pancreatitis.66 
A recent study showed that molecules in cigarette 
smoke acting through the aryl hydrocarbon receptor 
on T cells cause stimulation of PSCs to promote 
fibrosis through the interleukin 22 pathway.67 
These findings again show an important interplay 
between inflammatory and immune cells and PSCs 
in the pathogenesis of chronic pancreatitis. The 
relative roles for myeloid and lymphoid cells in the 
pathogenesis of chronic pancreatitis may depend on 
the causative factors of the disease.

Diagnosis of chronic pancreatitis
The diagnosis of chronic pancreatitis is based largely 
on imaging; it is associated with calcification and 
pancreatic duct abnormalities in advanced cases but 
can be challenging in less advanced cases (box 2). 
In contrast to acute pancreatitis, which is defined by 
increases in serum amylase and lipase concentrations 
with abdominal pain typical of pancreatitis, these 
pancreatic enzymes are often not elevated in 
pancreatitis even with an exacerbation. The reason is 
a loss of functional pancreatic tissue containing these 

enzymes with chronic pancreatitis.68 Circulating 
biomarkers for the diagnosis of chronic pancreatitis 
are not established. However, the Consortium on 
Chronic Pancreatitis, Diabetes and Pancreatic Cancer 
is making a significant effort to develop biomarkers 
to aid in diagnosis.69-71

Imaging plays a principal role in diagnosing 
chronic pancreatitis because of the absence of 
circulating biomarkers and reluctance to do risky 
pancreatic biopsies.72 Among imaging modalities 
available for the diagnosis, computed tomography 
and magnetic resonance imaging (MRI) are the 
initial studies used for the evaluation of abdominal 
pain with chronic pancreatitis as a potential cause. 
Consistent with this practice, an expert panel of the 
American College of Gastroenterology published 
guidelines that recommend computed tomography or 
MRI for the first line diagnosis of chronic pancreatitis, 
suggesting that “either test should be the first 
choice for the diagnosis of chronic pancreatitis.”73 
The panel further stated that “endoscopic 
ultrasonography (EUS), because of its invasiveness 
and lack of specificity, should be used only if the 
diagnosis is in question after cross-sectional imaging 

Fig 1 | Pathways of inflammatory, fibrosis, and pain response of chronic pancreatitis. In the environment of inflamed pancreatic tissue, pancreatic 
stellate cells (PSCs) become activated. Interleukin (IL)-4 and IL-13, secreted by activated PSCs, stimulate the conversion of macrophages to their 
alternatively active state. These macrophages sustain the activated state of PSCs by secreting transforming growth factor β-1 (TGF-β), advancing 
the fibro-inflammatory state of chronic pancreatitis. TGF-β mediates pain via intracellular Smad3 signaling in sensory neurons in the pancreas. We 
hypothesize that agents that interfere with one or more nodes in this scheme may provide treatment benefit for patients with chronic pancreatitis
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is performed.” The panel noted that other imaging 
modalities such transcutaneous ultrasonography, 
endoscopic retrograde cholangiopancreatography 
(ERCP), pancreatic elastography, and contrast 
enhanced endoscopic ultrasonography are potential 
imaging methods for diagnosis;74-78 “high-quality 
randomized controlled trial evidence is not available 
to warrant their inclusion as first-line diagnostic tests 
for chronic pancreatitis in place of cross-sectional 
imaging or EUS.”

Features of chronic pancreatitis on computed 
tomography include calcifications and atrophy and 
pancreatic duct dilations (fig 2). MRI and magnetic 
resonance cholangiopancreatography (MRCP) have 
an additional advantage of detecting ductal changes 
in addition to parenchymal changes.79  80 Also, the 
administration of secretin to stimulate fluid secretion 
during an MRCP can further define pancreatic 
function and ductal pathology.81-84 Of note, in 
addition to developing circulating biomarkers for the 
diagnosis of chronic pancreatitis, the Consortium on 
Chronic Pancreatitis, Diabetes and Pancreatic Cancer 
is greatly involved in advancing quantitative MRI for 
improved diagnostic ability in different stages of 
chronic pancreatitis, taking advantage of the unique 
T1 relaxation of the pancreas owing to its high 
protein content and the ability of MRI to measure 
extracellular volume (equivalent to fibrosis) and 
the presence of fat.70 85 86 The envisioned goal is to 
approximate tissue histology with MRI measures.87

In cases in which morphologic evidence of 
pancreatitis is still needed despite the studies listed 
above, endoscopic ultrasonography of the pancreas 
can be used to identify disease at an early stage 
or with minimal change. Criteria for diagnosis by 
endoscopic ultrasonography include hyperechoic 
foci, hyperechoic strands, lobular contour, and cysts 
of the parenchyma, as well as ductal features of main 
duct dilatation, duct irregularity, hyperechoic duct 
margins visible side branches, and stones.69 Finally, 
in patients whose diagnosis remains in question, 
histologic examination of a pancreatic biopsy is 
appropriate.

Of particular importance is the state of disease 
when no morphologic evidence is found using the 
imaging technology listed above. This state is often 
referred to as early chronic pancreatitis.88 Further 
research is needed to develop molecular and/or 
imaging biomarkers associated with genetic and 
environmental risks to better identify patients with 
this state. Importantly for establishing the diagnosis, 
chronic pancreatitis is a clinical diagnosis that 
requires integration of clinical information including 
risk factors (genetics as appropriate) and exclusion of 
other disorders in the differential diagnosis together 
with the validation of imaging studies.

Relation between cause of chronic pancreatitis and 
potential complications
A cross sectional study of 1071 patients with chronic 
pancreatitis did a cluster analysis between the 
causes of pancreatitis and types of complications.89 
The analysis showed that complications potentially 
resulting from the continuing inflammatory process 
such as pseudocysts, ascites, pleural effusion, 
pancreatic fistula, and portal or splenic vein 
thrombosis are more likely with alcohol misuse 
related pancreatitis than with non-alcohol misuse 
related causes of pancreatitis (odds ratio 2.00, 
95% confidence interval 1.38 to 2.90; P<0.001). 
On the other hand, fibrosing complications such as 
pancreatic duct lesions, common bile duct stenosis, 
and duodenal stenosis (odds ratio 2.23, 1.56 to 
2.32; P<0.001) and complications such as exocrine 
pancreatic insufficiency (odds ratio 1.42, 1.00 to 
2.01; P=0.046) were more likely associated with 
smoking.

Exocrine and endocrine insufficiency: identification 
and treatment
Failure of exocrine and endocrine function are 
common consequences of chronic pancreatitis. 
Pancreatic exocrine insufficiency (PEI) occurs when 
more than 90% of exocrine pancreatic function 
is lost, resulting in steatorrhea.90 Patients with 
steatorrhea have oily or greasy stools and may 
describe bulky, pale, foul smelling, and/or floating 
stools. Additionally, the patient may have weight 
loss and fat soluble vitamin deficiency despite 
normal caloric intake. The classic measurement of 
fat in the stools collected for 72 hours in a person 
ingesting a diet adequate in fat (70-100 g/day) 
is considered an effective means of diagnosing 

Box 2: Approaches to diagnosis and characterization of chronic pancreatitis
•	Determine previous episodes of pancreatitis
•	Obtain symptoms and environmental risk history
•	Test for presence of exocrine insufficiency
•	Obtain cross sectional imaging (computed tomography or magnetic resonance 

imaging)
•	Monitor for diabetes
•	In selected cases:

	○ Endoscopic ultrasonography
	○ Endoscopic retrograde cholangiopancreatography
	○ Genetic testing
	○ Pancreatic biopsy

Fig 2 | Abdominal computed tomography scan of patient with chronic pancreatitis, 
showing calcifications and dilation of the pancreatic duct, especially in the tail
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steatorrhea. Normally, 7% or less of ingested 
fat appears in the stool. A simple qualitative 
microscopic examination of a single stool for oil is 
almost as sensitive as quantitative measurements 
for fat, making the measurement of steatorrhea 
more accessible.91  92 Additional practical tests for 
PEI include measurements of fecal chymotrypsin 
and elastase-1. Both enzymes are produced by 
the pancreas and remain constant throughout the 
gastrointestinal tract. Elastase-1 has been shown to 
be more specific than chymotrypsin, with sensitivity 
approaching 100% for significant insufficiency.93 94 
Measurement of serum trypsin has also been shown 
to associate with severe PEI.95

In contrast to the widely available methods listed 
above for diagnosis of PEI, specialized centers may 
provide direct testing of pancreatic function, which 
can be useful in diagnosing chronic pancreatitis. 
In these tests, the exocrine pancreas is stimulated 
with a secretagogue such as secretin for testing 
ductal function or cholecystokinin for testing 
acinar function, followed by measurement of the 
volume and concentration of analytes into the 
duodenum collected by aspiration with a duodenal 
tube designed to prevent interference with gastric 
secretions or an endoscope aspirating at site of 
the pancreatic outflow into the duodenum.96-98 
Currently, testing the ductal function with secretin 
stimulation and measurement of peak bicarbonate 
concentration prevails over testing acinar function 
with cholecystokinin stimulation.

Treatment of PEI is essential to reverse and prevent 
its consequences, which include weight loss, fat 
soluble vitamin deficiency, metabolic bone disease, 
and sarcopenia.99 Osteoporosis and osteopenia 
are highly prevalent in this population and are 
associated with an increased risk of fractures.100-102 
A recommended starting dose 40 000–50 000 
USP units of lipase taken with each meal is 
recommended.99 Treatment monitoring includes 
improvements in steatorrhea, weight, fat soluble 
vitamins, and measures of bone density and muscle 
mass. Dose adjustments may be necessary.

Endocrine insufficiency manifested as diabetes 
mellitus can occur in chronic pancreatitis.103-106 
This form of diabetes mellitus is referred to as 
diabetes of the exocrine pancreas, pancreatogenic 
diabetes, post-pancreatitis diabetes (PPDM) or type 
3c diabetes. The mechanism of this form of diabetes 
mellitus, differences from type 1 and type 2 diabetes 
mellitus, and the most appropriate approach to 
treatment are under intensive investigation.103 104 107-

111 PPDM is generally managed by starting with 
metformin, but insulin may eventually be needed. 
Incretin therapy is avoided considering the risk of 
pancreatitis. Patients with PPDM have an added 
complexity for management. That is, these patients 
need consistent treatment of PEI to ensure nutrient 
absorption for prevention of hypoglycemia and 
additional vigilance to prevent hypoglycemia 
because of potential loss of counter-regulatory 
glucagon secretion.

Interventions for pain
Pain is the most common manifestation of 
chronic pancreatitis and can be debilitating and 
unrelenting.112-114 Moreover, the pain of chronic 
pancreatitis is associated with debilitation in 
several physical, mental, and social health 
outcomes.64 67 115 116 Patients experience epigastric or 
mid-abdominal pain, which can be accompanied by 
back pain. The cause is the presence of inflammatory 
mediators, which increase interstitial pressure 
leading to diminished blood perfusion, low oxygen 
tension, and consistent gland inflammation.37 
These symptoms may be constant or intermittent 
and exacerbated by a meal, and it is important to 
consider alternate diagnoses including peptic ulcer 
disease, complications of pancreatitis, and cancer, 
which these patients develop at higher rates than 
those without chronic pancreatitis.

Medical management of pain
Abstinence from alcohol and smoking should be 
recommended, and support programs to facilitate 
this should be offered. Abstinence will extend life 
and slow the evolution of chronic pancreatitis but 
not stop it. Smoking increases the risk of developing 
pancreatic cancer and accelerates chronic 
pancreatitis. A meta-analysis of 10 case-control 
studies and two cohort studies including 1705 
patients identified a dose-response effect of tobacco 
on risk of chronic pancreatitis (odds ratio one pack 
2.4 (95% confidence interval 0.9 to 6.6); more than 
one pack 3.3 (1.4 to 7.9). This risk was diminished 
with smoking cessation.115

Analgesics provide treatment for pain from chronic 
pancreatitis and include non-opioid and opioid 
medications. Non-opioids are recommended as first 
line therapy and opioids for worsening and persistent 
pain. When the patient transitions to consistent 
opioid use, management by a chronic pain specialist 
should be started.

Adjunctive medications including tricyclic 
gabapentinoids, antidepressants, and selective 
serotonin reuptake inhibitors can decrease opioid 
requirements and treat neuropathic pain. An 
RCT that randomized 64 patients to pregabalin 
or placebo for three weeks found that pregabalin 
significantly improved pain relief (36% v 24%; 
P=0.02).117 Antioxidant therapy has been used in 
chronic pancreatitis with varying results. A Cochrane 
review including 12 RCTs and involving 585 patients 
concluded that pain was less in the antioxidant 
group (mean difference −0.33, 95% confidence 
interval −0.64 to −0.02).118

Pancreatic enzyme replacement therapy has long 
been used to decrease pain from chronic pancreatitis 
despite little evidence to support this. To date, nine 
clinical trials, seven of them randomized, have 
shown inconsistent data on pain; because of this, 
enzyme replacement is not recommended to treat 
this symptom.116 119-125

Celiac plexus blockade has varying efficacy as 
reported in the literature. The procedure involves the 
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injection of local anesthetic and a steroid into the 
celiac ganglia and can be done under endoscopic 
ultrasound guidance, percutaneously, or directly 
during surgery. A meta-analysis of six studies 
including randomized studies, prospective studies, 
and case series evaluating endoscopic guided block 
estimated that pain relief based on validated pain 
score assessment or decrease in opioid use was 
51.46%.126 For patients who have exhausted medical 
management of pain, a celiac plexus blockade should 
be considered. However, the pain relief is usually 
transient.

Endoscopic treatment
Chronic pancreatitis can cause strictures of the main 
pancreatic duct and stone formation contributing 
to diminished flow, inflammation, and pain. For 
patients with a dilated duct, endoscopic or surgical 
techniques to decompress the duct can relieve pain 
and may preserve pancreatic exocrine and endocrine 
function.

Endoscopic treatment of pain in patients with 
pancreatic duct strictures and stones is feasible, 
and some patients may benefit from long term 
pancreatic duct stenting to manage pancreatic duct 
strictures. A meta-analysis of 13 studies involving 
298 patients found that pain improved by 89% after 
pancreatic stent compared with before stenting.127 
A randomized trial comparing endoscopy and 
lithotripsy with lithotripsy alone found a similar 
decrease in the number of pain episodes per year 
(mean decrease 3.7, 95% confidence interval 2.6 to 
4.9; P<0.001) over a four year period, suggesting that 
lithotripsy alone is sufficient.128

Surgical approaches to chronic pancreatitis
Surgery for pain from chronic pancreatitis is generally 
reserved for patients with severe disease manifested 
by substantial and longstanding symptoms in the 
presence of pancreatic duct dilation or stones. Surgery 
for chronic pancreatitis may be performed safely and 
with minimal perioperative morbidity or mortality. 
Several operations have been developed whereby 
varying amounts of the pancreas are removed to 
ensure improved drainage of pancreatic fluid from 
the duct to the gastrointestinal tract. To maintain 
exocrine and endocrine pancreatic function, 
most modern procedures are parenchyma sparing 
approaches rather than a pancreatectomy, unless this 
is done concomitantly with an islet cell transplant. 
These surgeries include a pancreatoduodenectomy 
(Whipple), duodenum preserving pancreatic 
head resection (Frey and Beger/Berne), distal 
pancreatectomy, and drainage procedures such 
as longitudinal pancreatojejunostomy (Puestow)  
(fig 3). The operation recommended is based on the 
pancreatic duct anatomy and distribution of the 
disease in the gland.

Eleven RCTs have compared different dyads of 
operations for chronic pancreatitis pain. When the 
pancreatic head is removed patients have the best 
outcomes related to pain, and if the duodenum 

can be preserved pancreatic function and quality 
of life seem to be improved. This is especially true 
when most of the disease is limited to the head. A 
meta-analysis of four trials included 173 patients 
who had a duodenum preserving pancreatic head 
resection or pancreatoduodenctomy for pain relief in 
chronic pancreatitis. In this analysis, the duodenum 
preserving approach showed no difference in pain 
relief (odds ratio 1.08, 95% confidence interval 0.88 
to 1.33) or endocrine insufficiency (odds ratio 0.49, 
0.22 to 1.09), but the duodenal preserving procedure 
had less exocrine insufficiency (odds ratio 0.20, 
0.06 to 0.66) and improved quality of life (weighted 
mean difference 25.07, 18.83 to 31.21).129 The 
follow-up ChroPac trial randomized 250 patients to 
pancreatoduodenectomy or duodenum preserving 
pancreatic head resection and found no difference 
in quality of life at 24 months, which included an 
assessment of pain.130

Most long term studies report that 60-80% of 
patients have improvement in pain following 
surgery. Although duodenum preserving pancreatic 
head resection is a more complicated procedure 
than a longitudinal pancreatojejunostomy, some 
types of parenchymal resection such as a Frey 
procedure that completely exposes the duct and 
allows for all stones to be removed is essential to 
secure the best pain relief. A tailored approach 
accounting for the distribution of the pancreatic 
inflammation, ductal anatomy, and patient’s 
condition should be used to determine the optimal 
operation for each patient.

Total pancreatectomy with islet autotransplantation
In patients with painful chronic pancreatitis 
who have exhausted medical management and 
completed endoscopic or surgical intervention, 
total pancreatectomy offers an option to tackle 
pain by removing the entire gland, the source of 
the inflammatory pain cascade. This is also an 
option for patients with hereditary pancreatitis who 
have a substantial increase in risk for pancreatic 
cancer. A pancreatectomy accompanied by an 
islet autotransplantation of islet isolated from the 
resected gland and infused into the liver via the 
portal vein promises improved glucose homeostasis 
after the procedure. This procedure is appropriate 
for patients with normally functioning islets before 
the surgery. The available data to support this 
approach come from observational series. The 
Dutch Pancreatitis Study Group published a meta-
analysis of 15 observational studies including 1255 
patients, and at one year after surgery the opioid-
free rate had improved from between 0% and 15% 
to 63% (95% confidence interval 46% to 77%) and 
the insulin-free rate had decreased from between 
89.5% and 100% to 30% (20% to 43%).131 In 
patients who have no other options and have access 
to a skilled center providing this service, total 
pancreatectomy with islet autotransplantation is a 
reasonable approach to manage pain from chronic 
pancreatitis.
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Endoscopic versus operative approaches
Evidence from randomized trials suggests that surgery 
should be considered over endoscopic therapy for the 
long term treatment of painful chronic pancreatitis 
with ductal obstruction. Three RCTs investigating 
endoscopic and surgical treatment of pain have been 
completed and concluded that surgery was superior 
to endoscopic techniques. Recent practice guidelines 

from both the American College of Gastroenterology 
and the American Gastroenterological Association 
include this recommendation based on what each 
judged to be moderate to strong evidence.53 114

The first RCT randomized 140 patients to 
endoscopic treatment including sphincterotomy, 
stenting, and stone removal or surgery.132 The 
initial outcomes related to pain were similar, but 

Fig 3 | Pancreatoduodenectomy (Whipple), duodenum preserving pancreatic head resection (Frey and Beger/Berne), distal pancreatectomy, and 
longitudinal pancreatojejunostomy (Peustow)
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at five years complete absence of pain was twice as 
high in the surgery group (37% v 14%) and partial 
relief was similar (49% v 51%). In addition, patients 
who underwent surgery had improved increased 
body weight measurements, and the incidence of 
new onset diabetes was no different (34-43%). The 
authors concluded that surgery was superior to 
endotherapy and that endotherapy could be offered 
as initial treatment followed by surgery in cases in 
which pain persisted.

Two years later, an RCT from the Netherlands 
was published, which randomized 39 patients 
between endoscopic treatment and lithotripsy or 
pancreatojejunostomy that included removal of 
some pancreatic parenchyma. Patients who had 
surgery reported lower pain scores (P<0.001) and 
better physical health (P=0.003). Striking pain relief 
was seen in 75% of surgery patients and only 32% of 
the endoscopic group (P=0.007), and the endoscopic 
group received eight interventions whereas the 
surgery patients had three.133

The third RCT, the ESCAPE trial from the Dutch 
Pancreatitis Study Group published in 2020, led 
to the current guideline recommendations.134 This 
multicenter RCT included 88 patients and compared 
best medical management with endoscopic 
treatment versus upfront surgery for painful chronic 
pancreatitis. Pain scores were significantly better 
in the surgery group (Izbicki pain score 37 v 49; 
−12 points, 95% confidence interval −22 to −2; 
P=0.02), and pain relief was achieved in 58% of 
surgery patients versus 39% of the endoscopy group 
(P=0.10). Pancreatic function, complication rates, 
and quality of life were similar between groups. An 
important consideration of this study is that when 
the duct was cleared endoscopically, pain was 
improved at a similar rate between treatment arms. 
It was notable that pain was not better in 62% of 
the patients in the endoscopy group, and half of this 
group ultimately had surgery to manage this. This 
trial provides the strongest evidence to date informing 
treatment of chronic pancreatitis in patients with 
a dilated pancreatic duct and stones and pain. A 
Cochrane review found that surgery offers a higher 

likelihood of pain relief than endoscopic treatment 
in the medium term (2-5 years: risk ratio 1.62, 1.22 
to 2.15) and at long-term follow-up (≥5 years: 1.56, 
1.18 to 2.05).135 With this evidence, surgery should 
be considered early in the management of these 
patients.

Complications of chronic pancreatitis
Pancreatic pseudocysts and acute fluid collection 
occur in patients with chronic pancreatitis owing 
to exacerbations of inflammation and ductal 
disruption. Pseudocysts are less likely to resolve in 
chronic pancreatitis because this condition does not 
spontaneously resolve as it does in acute pancreatitis, 
so invention is more commonly needed (fig 4). Patients 
with symptomatic collections resulting in pain, 
gastric or duodenal obstruction with weight loss, 
or biliary obstruction should undergo endoscopic 
ultrasound guided transgastric or transduodenal 
drainage with plastic stents or lumen apposing metal 
stents. Alternatively, transpapillary drainage can 
be attempted. However, a meta-analysis including 
1355 patients found that success using transmural 
drainage and resolution of the pseudocyst was 
substantially higher than that using a transpapillary 
approach (90.6% (95% confidence interval 81.0% 
to 95.6%) versus 58.5% (36.7% to 77.4%)).136 
Transpapillary drainage has been successfully 
deployed for a disconnected pancreatic duct. The 
same study showed that surgical drainage results 
in success rates comparable to those of endoscopic 
treatment (82% (68.6% to 90.5%) versus 87.4% 
(81.2% to 91.8%); P=0.389). Percutaneous drainage 
is largely ineffective with very high recurrence rates, 
particularly in chronic pancreatitis. As the morbidity 
of endoscopic drainage is substantially less than with 
surgery, this method is the recommended treatment 
for pseudocysts in chronic pancreatitis.

Biliary stricture occurs in 10-15% of patients with 
chronic pancreatitis, and the first concern should 
be to rule out the possibility of malignancy with 
imaging and endoscopic ultrasound guided biopsy. 
Benign biliary strictures typically have a tapered 
appearance on cholangiography. Once malignancy 
has been excluded, endoscopic, surgical, and 
interventional radiologic techniques are available to 
treat the stricture. RCT data suggest that endoscopic 
treatment is reliable. One study enrolled 60 patients 
to self-expandable metallic stent versus plastic stent 
and showed a two year, stricture-free success rate of 
90% (72% to 97%) in the plastic stent group and 92% 
(70% to 98%) in the metal stent group.137 Similar 
success rates were seen in an RCT using stents for 
benign biliary stricture (92.6%).138 Additionally, if 
the patient is having surgery for chronic pancreatitis, 
a biliary bypass or decompression of the bile 
duct with the pancreatic operation can be safely 
performed with outstanding long term resolution of 
the stricture.

Vascular complications of chronic pancreatitis 
include pseudoaneurysms of the surrounding 
arterial vessels, particularly the splenic artery, or 

Fig 4 | Abdominal computed tomography scan showing a pancreatic pseudocyst 
expanded anteriorly against the stomach
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venous thrombosis. A meta-analysis of endovascular 
embolization for pseudoaneurysms in pancreatitis 
including 29 studies and 849 patients found a clinical 
success rate of 88% (83% to 91%; I2=0%) at 12 
months.139 Splenic infarction was the most common 
complication, seen in 5.5% of patients, which nearly 
always resolves. Patients with thrombosis of the 
splenic vein can usually be managed expectantly, but 
left sided portal hypertension manifested by gastric 
bleeding may occur in up to 12.3% according to a 
meta-analysis of 99 reports including 805 patients.140 
For these patients, splenic artery embolization may 
be therapeutic and splenectomy definitive.

Differentiating chronic pancreatitis from cancer
Determining whether a patient has pancreatic 
cancer in the setting of chronic pancreatitis is 
challenging. Maintaining vigilance for the possibility 
of pancreatic cancer with frequent assessment 
and ultimately no diagnosis of cancer is a common 
approach. One pooled analysis of 13 studies found 
that a nearly eightfold risk for cancer at five years 
from diagnosis of chronic pancreatitis diminished 
to 3.5-fold after nine years (7.90 (95% confidence 
interval 4.26 to 14.66) and 3.53 (1.69 to 7.38)).141 In 
other words, if the patient has not developed cancer 
over time while under medical supervision the risk 
of doing so decreases. However, the establishment of 
true risk is difficult because some patients may have 
been misclassified as having chronic pancreatitis 
when in fact cancer is present. Chronic inflammation 
is known to contribute to carcinogenesis. Imaging 
with computed tomography, MRI, and endoscopic 
ultrasonography assists in identifying a suspicious 
lesion that should be biopsied at the time of endoscopic 
ultrasonography to determine the diagnosis. CA 19-9 
can be elevated in chronic pancreatitis, especially 
with biliary obstruction, but elevation increases the 
suspicion of pancreatic cancer. A pooled analysis of 
the ability of CA 19-9 concentration to differentiate 
pancreatic cancer from chronic pancreatitis that 
included 3125 patients showed a sensitivity of 0.81 
(95% confidence interval 0.80 to 0.83), a specificity 
of 0.81 (0.79 to 0.82), a positive likelihood ratio of 
4.08 (3.39 to 4.91), a negative likelihood ratio of 
0.24 (0.21 to 0.28), and a diagnostic odds ratio of 
19.31 (14.40 to 25.90).142 Patients with hereditary 
pancreatitis should be entered into a screening 
program with yearly imaging and consideration for 
pancreatectomy.

Emerging treatments
Understanding of the mechanisms of chronic 
pancreatitis is revealing potential therapeutic 
approaches in animal models of chronic pancreatitis, 
which are being applied in human clinical trials. For 
example, inhibition of the effects of interleukins 
4 and 13 has been shown to decrease chronic 
pancreatitis.52 Pirfenidone, an agent that inhibits 
TGF-β actions to promote fibrosis and is approved by 
the US Food and Drug Administration for treatment 
of idiopathic pulmonary fibrosis, has shown benefit 
in models of chronic pancreatitis.143 Simvastatin, by 
inhibiting the inflammatory response of pancreatitis 
through correcting autophagic mechanisms of the 
acinar disordered in pancreatitis, has the potential for 
therapeutic benefit in chronic pancreatitis and is in 
clinical trials (ClinicalTrials.gov NCT04021498 and 
NCT02743364).144-148 Another potential mechanism 
based therapeutic agent is a highly potent vitamin D 
analog, paricalcitol, which returns activated PSCs to 
their quiescent state and which is in an early clinical 
trial (NCT05664880).149 150

Management summary and guidelines
Box 3 provides a summary list of key management 
actions for patients with chronic pancreatitis based 
on this review). Box 4 provides a list of guidelines 
and consensus statements that provide further 
details for the diagnosis and management of chronic 
pancreatitis.

Box 3: Management of patients with chronic 
pancreatitis
•	Stop alcohol use and smoking
•	Monitor and treat exocrine insufficiency and 

diabetes
•	Maintain nutritional intake
•	Monitor for macro-nutritional and micro-nutritional 

deficiencies
•	Monitor bone health
•	Consider dietary alterations
•	Use analgesics safely
•	In selected cases:

	○ Endoscopic treatments
	○ Surgical treatments
	○ Total pancreatectomy with islet 
autotransplantation

Box 4: Published guidelines and consensus statements for chronic pancreatitis
•	Guidelines for Risk Factors in Chronic Pancreatitis

	○ International Consensus Guidelines Working Group for Chronic Pancreatitis in collaboration with the International Association of Pancreatology, 
American Pancreatic Association, Japan Pancreas Society and European Pancreatic Club151

•	Clinical Guideline for Chronic Pancreatitis
	○ American College of Gastroenterology73

•	Clinical Practice Guidelines for Chronic Pancreatitis
	○ Japanese Society of Gastroenterology152
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Conclusion
Chronic pancreatitis remains a vexing condition 
with some partially effective treatments to reduce 
symptoms and complications but no cure. Multiple 
approaches to improve outcome are underway. 
ClinicalTrials.gov lists 210 studies for chronic 

pancreatitis. As the pathobiology of this disease 
continues to be defined, we hope that future research 
may find a cure.

QUESTIONS FOR FUTURE RESEARCH
•	What are the mechanisms to inhibit and reverse 

the fibro-inflammatory process underlying chronic 
pancreatitis?

•	How do we develop and evaluate additional agents 
for preventing the progression and treating chronic 
pancreatitis?

•	Can we establish reliable and simple tests to 
establish the diagnosis of both chronic pancreatitis 
and exocrine pancreatic insufficiency?

•	How can we determine the long term nutritional and 
metabolic consequences of chronic pancreatitis, 
and how should these be managed and prevented?

•	What new medications and interventions will be most 
effective in treating pain from chronic pancreatitis 
considering subpopulations of patients with 
chronic pancreatitis with potentially different pain 
mechanisms?

•	Harmonizing diagnosis and treatment of Chronic Pancreatitis across Europe.
	○ Working Group on Harmonizing the diagnosis and treatment of chronic pancreatitis across Europe of the United European Gastroenterology153

•	Evidence-based Guidelines for the diagnosis and therapy of Chronic Pancreatitis
	○ United European Gastroenterology154

•	International consensus statements on early Chronic Pancreatitis
	○ International Consensus Guidelines Working Group for Chronic Pancreatitis in collaboration with the International Association of Pancreatology, 
American Pancreatic Association, Japan Pancreas Society and European Pancreatic Club88

•	Guidelines for the Diagnostic Cross-Sectional Imaging and Severity Scoring of Chronic Pancreatitis
	○ International Consensus Guidelines Working Group for Chronic Pancreatitis in collaboration with the International Association of Pancreatology, 
American Pancreatic Association, Japan Pancreas Society and European Pancreatic Club155

•	Guidelines on the role of diagnostic endoscopic ultrasound in the management of Chronic Pancreatitis
	○ International Consensus Guidelines Working Group for Chronic Pancreatitis in collaboration with the International Association of Pancreatology, 
American Pancreatic Association, Japan Pancreas Society and European Pancreatic Club156

•	Guidelines on the histopathology of Chronic Pancreatitis
	○ International Consensus Guidelines Working Group for Chronic Pancreatitis in collaboration with the International Association of Pancreatology, 
American Pancreatic Association, Japan Pancreas Society and European Pancreatic Club157

•	Diagnosis and treatment of exocrine pancreatic insufficiency in Chronic Pancreatitis
	○ An international expert survey for the Dutch Pancreatitis Study Group158

•	Consensus Guidelines for the management of pain of Chronic Pancreatitis
	○ International Consensus Guidelines Working Group for Chronic Pancreatitis in collaboration with the International Association of Pancreatology, 
American Pancreatic Association, Japan Pancreas Society and European Pancreatic Club60

•	Guidelines on interventional endoscopy in chronic pancreatitis
	○ International Consensus Guidelines Working Group for Chronic Pancreatitis in collaboration with the International Association of Pancreatology, 
American Pancreatic Association, Japan Pancreas Society and European Pancreatic Club159

•	Guideline on clinical nutrition in acute and chronic pancreatitis
	○ European Society for Clinical Nutrition and Metabolism160

•	Consensus guidelines for surgery and the timing of intervention in chronic pancreatitis
	○ International Consensus Guidelines Working Group for Chronic Pancreatitis in collaboration with the International Association of Pancreatology, 
American Pancreatic Association, Japan Pancreas Society and European Pancreatic Club161

•	The role of total pancreatectomy with islet autotransplantation in the treatment of chronic pancreatitis
	○ A report from the International Consensus Guidelines in chronic pancreatitis162

•	Guidelines on surveillance for pancreatic cancer in chronic pancreatitis
	○ International Consensus Guidelines Working Group for Chronic Pancreatitis in collaboration with the International Association of Pancreatology, 
American Pancreatic Association, Japan Pancreas Society and European Pancreatic Club163

GLOSSARY OF ABBREVIATIONS
•	CFTR—cystic fibrosis transmembrane regulator
•	CTRC—chymotrypsin C
•	ERCP—endoscopic retrograde 

cholangiopancreatography
•	MRCP—magnetic resonance 

cholangiopancreatography
•	MRI—magnetic resonance imaging
•	PDAC—pancreatic ductal adenocarcinoma
•	PEI—pancreatic exocrine insufficiency
•	PPDM—post-pancreatitis diabetes
•	PSC—pancreatic stellate cell
•	RCT—randomized controlled trial
•	SPINK1—serine protease inhibitor Kazal-type 1
•	TGF-β—transforming growth factor β

 on 2 M
arch 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j-2023-070920 on 26 F
ebruary 2024. D

ow
nloaded from

 

http://www.bmj.com/


STATE OF THE ART REVIEWSTATE OF THE ART REVIEW

12� doi: 10.1136/bmj-2023-070920 | BMJ 2024;384:e070920 | the bmj

Contributors: OJH and SP contributed to the planning, conduct, 
writing, editing, and reporting of this article and are equally 
responsible for the overall content as guarantors.
Competing interests: We have read and understood the BMJ  
policy on declaration of interests and declare the following  
interests: none.
Provenance and peer review: Commissioned; externally peer 
reviewed.

1 	 Yadav D, Lowenfels AB. The epidemiology of pancreatitis and 
pancreatic cancer. Gastroenterology 2013;144:1252-61. 
doi:10.1053/j.gastro.2013.01.068

2 	 Jeon CY, Feldman R, Althouse A, et al Lifetime smoking history 
and cohort-based smoking prevalence in chronic pancreatitis. 
Pancreatology2021:S1424-3903(21)00473-7.

3 	 Yadav D, Eigenbrodt ML, Briggs MJ, Williams DK, Wiseman EJ. 
Pancreatitis: prevalence and risk factors among male veterans in a 
detoxification program. Pancreas 2007;34:390-8. doi:10.1097/
mpa.0b013e318040b332

4 	 Yadav D, Timmons L, Benson JT, Dierkhising RA, Chari ST. Incidence, 
prevalence, and survival of chronic pancreatitis: a population-
based study. Am J Gastroenterol 2011;106:2192-9. doi:10.1038/
ajg.2011.328

5 	 Sellers ZM, MacIsaac D, Yu H, et al. Nationwide Trends in Acute 
and Chronic Pancreatitis Among Privately Insured Children 
and Non-Elderly Adults in the United States, 2007-2014. 
Gastroenterology 2018;155:469-478.e1. doi:10.1053/j.
gastro.2018.04.013

6 	 Hirota M, Shimosegawa T, Masamune A, et al, Research Committee of 
Intractable Pancreatic Diseases. The sixth nationwide epidemiological 
survey of chronic pancreatitis in Japan. Pancreatology 2012;12:79-
84. doi:10.1016/j.pan.2012.02.005

7 	 Garg PK. Chronic pancreatitis in India and Asia. Curr Gastroenterol 
Rep 2012;14:118-24. doi:10.1007/s11894-012-0241-0

8 	 Wang LW, Li ZS, Li SD, Jin ZD, Zou DW, Chen F. Prevalence and clinical 
features of chronic pancreatitis in China: a retrospective multicenter 
analysis over 10 years. Pancreas 2009;38:248-54. doi:10.1097/
MPA.0b013e31818f6ac1

9 	 Balaji LN, Tandon RK, Tandon BN, Banks PA. Prevalence and 
clinical features of chronic pancreatitis in southern India. Int J 
Pancreatol 1994;15:29-34. doi:10.1007/BF02924385

10 	 Olesen SS, Mortensen LH, Zinck E, et al. Time trends in incidence 
and prevalence of chronic pancreatitis: A 25-year population-based 
nationwide study. United European Gastroenterol J 2021;9:82-90. 
doi:10.1177/2050640620966513

11 	 Capurso G, Archibugi L, Pasquali P, et al. Prevalence of chronic 
pancreatitis: Results of a primary care physician-based population 
study. Dig Liver Dis 2017;49:535-9. doi:10.1016/j.dld.2016.12.024

12 	 Comfort MW, Gambill EE, Baggenstoss AH. Chronic relapsing 
pancreatitis; a study of 29 cases without associated disease of the 
biliary or gastrointestinal tract. Gastroenterology 1946;6:376-408.

13 	 Ammann RW, Muellhaupt B. Progression of alcoholic acute to chronic 
pancreatitis. Gut 1994;35:552-6. doi:10.1136/gut.35.4.552

14 	 Ammann RW, Heitz PU, Klöppel G. Course of alcoholic chronic 
pancreatitis: a prospective clinicomorphological long-term study. 
Gastroenterology 1996;111:224-31. doi:10.1053/gast.1996.v111.
pm8698203

15 	 Ammann RW, Akovbiantz A, Largiader F, Schueler G. 
Course and outcome of chronic pancreatitis. Longitudinal 
study of a mixed medical-surgical series of 245 patients. 
Gastroenterology 1984;86:820-8.

16 	 Whitcomb DC. Central role of the sentinel acute pancreatitis event 
(SAPE) model in understanding recurrent acute pancreatitis (RAP): 
Implications for precision medicine. Front Pediatr 2022;10:941852. 
doi:10.3389/fped.2022.941852

17 	 Whitcomb DC, Frulloni L, Garg P, et al. Chronic pancreatitis: An 
international draft consensus proposal for a new mechanistic 
definition. Pancreatology 2016;16:218-24. doi:10.1016/j.
pan.2016.02.001

18 	 Beyer G, Habtezion A, Werner J, Lerch MM, Mayerle J. Chronic 
pancreatitis. Lancet 2020;396:499-512. doi:10.1016/S0140-
6736(20)31318-0

19 	 Lew D, Afghani E, Pandol S. Chronic Pancreatitis: Current Status and 
Challenges for Prevention and Treatment. Dig Dis Sci 2017;62:1702-
12. doi:10.1007/s10620-017-4602-2

20 	 Bouça-Machado T, Bouwense SAW, Brand M, et al. Position statement 
on the definition, incidence, diagnosis and outcome of acute on 
chronic pancreatitis. Pancreatology 2023;23:143-50. doi:10.1016/j.
pan.2023.01.010

21 	 Capurso G, Archibugi L, Pasquali P, et al. Prevalence of chronic 
pancreatitis: Results of a primary care physician-based population 
study. Dig Liver Dis 2017;49:535-9. doi:10.1016/j.dld.2016.12.024

22 	 Pan J, Xin L, Wang D, et al. Risk Factors for Diabetes 
Mellitus in Chronic Pancreatitis: A Cohort of 2,011 Patients. 
Medicine (Baltimore) 2016;95:e3251. doi:10.1097/
MD.0000000000003251

23 	 Raimondi S, Lowenfels AB, Morselli-Labate AM, Maisonneuve P, 
Pezzilli R. Pancreatic cancer in chronic pancreatitis; 
aetiology, incidence, and early detection. Best Pract Res Clin 
Gastroenterol 2010;24:349-58. doi:10.1016/j.bpg.2010.02.007

24 	 Liao KF, Lai SW, Li CI, Chen WC. Diabetes mellitus correlates with 
increased risk of pancreatic cancer: a population-based cohort study 
in Taiwan. J Gastroenterol Hepatol 2012;27:709-13. doi:10.1111/
j.1440-1746.2011.06938.x

25 	 Vujasinovic M, Dugic A, Maisonneuve P, et al. Risk of Developing 
Pancreatic Cancer in Patients with Chronic Pancreatitis. J Clin 
Med 2020;9:3720. doi:10.3390/jcm9113720

26 	 Miyake H, Harada H, Ochi K, Kunichika K, Tanaka J, Kimura I. 
Prognosis and prognostic factors in chronic pancreatitis. Dig Dis 
Sci 1989;34:449-55. doi:10.1007/BF01536270

27 	 Nøjgaard C, Bendtsen F, Becker U, Andersen JR, Holst C, Matzen P. 
Danish patients with chronic pancreatitis have a four-fold higher 
mortality rate than the Danish population. Clin Gastroenterol 
Hepatol 2010;8:384-90. doi:10.1016/j.cgh.2009.12.016

28 	 Drake M, Dodwad SJM, Davis J, Kao LS, Cao Y, Ko TC. Sex-Related 
Differences of Acute and Chronic Pancreatitis in Adults. J Clin 
Med 2021;10:300. doi:10.3390/jcm10020300

29 	 Yadav D, Whitcomb DC. The role of alcohol and smoking in 
pancreatitis. Nat Rev Gastroenterol Hepatol 2010;7:131-45. 
doi:10.1038/nrgastro.2010.6

30 	 Yadav D, Hawes RH, Brand RE, et al, North American Pancreatic 
Study Group. Alcohol consumption, cigarette smoking, and 
the risk of recurrent acute and chronic pancreatitis. Arch Intern 
Med 2009;169:1035-45. doi:10.1001/archinternmed.2009.125

31 	 Setiawan VW, Pandol SJ, Porcel J, et al. Prospective Study of 
Alcohol Drinking, Smoking, and Pancreatitis: The Multiethnic 
Cohort. Pancreas 2016;45:819-25. doi:10.1097/
MPA.0000000000000657

32 	 Szentesi A, Farkas N, Sipos Z, et al, Hungarian Pancreatic Study 
Group. Alcohol consumption and smoking dose-dependently and 
synergistically worsen local pancreas damage. Gut 2022;71:2601-2. 
doi:10.1136/gutjnl-2021-326853

33 	 Comfort MW, Steinberg AG. Pedigree of a family with hereditary 
chronic relapsing pancreatitis. Gastroenterology 1952;21:54-63. 
doi:10.1016/S0016-5085(52)80120-9

34 	 Whitcomb DC, Gorry MC, Preston RA, et al. Hereditary pancreatitis 
is caused by a mutation in the cationic trypsinogen gene. Nat 
Genet 1996;14:141-5. doi:10.1038/ng1096-141

35 	 Perrault J. Hereditary pancreatitis. Gastroenterol Clin North 
Am 1994;23:743-52. doi:10.1016/S0889-8553(21)00168-0

36 	 Schneider A, Barmada MM, Slivka A, Martin JA, Whitcomb DC. Clinical 
characterization of patients with idiopathic chronic pancreatitis 
and SPINK1 Mutations. Scand J Gastroenterol 2004;39:903-4. 
doi:10.1080/00365520410006710

37 	 Rosendahl J, Witt H, Szmola R, et al. Chymotrypsin C (CTRC) variants 
that diminish activity or secretion are associated with chronic 
pancreatitis. Nat Genet 2008;40:78-82. doi:10.1038/ng.2007.44

38 	 Pandol SJ. The Exocrine Pancreas. Morgan & Claypool Life Sciences, 
2010.

39 	 Hegyi P, Pandol S, Venglovecz V, Rakonczay ZJr. The acinar-ductal 
tango in the pathogenesis of acute pancreatitis. Gut 2011;60:544-
52. doi:10.1136/gut.2010.218461

40 	 Sharer N, Schwarz M, Malone G, et al. Mutations of the cystic 
fibrosis gene in patients with chronic pancreatitis. N Engl J 
Med 1998;339:645-52. doi:10.1056/NEJM199809033391001

41 	 Maléth J, Balázs A, Pallagi P, et al. Alcohol disrupts levels and 
function of the cystic fibrosis transmembrane conductance 
regulator to promote development of pancreatitis. 
Gastroenterology 2015;148:427-39.e16. doi:10.1053/j.
gastro.2014.11.002

HOW PATIENTS WERE INVOLVED IN THE CREATION 
OF THIS MANUSCRIPT

This work was reviewed by Mission:Cure (https://
mission-cure.org), which is a community of patients, 
families, scientists, clinicians, and generous 
supporters, driving new research, accelerating drug 
discovery and development and creating hope for 
improved quality of life for patients with chronic 
pancreatitis. The reviewing organization agreed with 
the article and made minimal edits.

 on 2 M
arch 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j-2023-070920 on 26 F
ebruary 2024. D

ow
nloaded from

 

https://mission-cure.org
https://mission-cure.org
http://www.bmj.com/


STATE OF THE ART REVIEWSTATE OF THE ART REVIEW

the bmj | BMJ 2024;384:e070920 | doi: 10.1136/bmj-2023-070920� 13

42 	 Hegyi P, Wilschanski M, Muallem S, et al. CFTR: A New Horizon in the 
Pathomechanism and Treatment of Pancreatitis. Rev Physiol Biochem 
Pharmacol 2016;170:37-66. doi:10.1007/112_2015_5002

43 	 Zou WB, Wang YC, Ren XL, et al. TRPV6 variants confer susceptibility 
to chronic pancreatitis in the Chinese population. Hum 
Mutat 2020;41:1351-7. doi:10.1002/humu.24032

44 	 Masamune A, Kotani H, Sörgel FL, et al. Variants That Affect Function 
of Calcium Channel TRPV6 Are Associated With Early-Onset 
Chronic Pancreatitis. Gastroenterology 2020;158:1626-1641.e8. 
doi:10.1053/j.gastro.2020.01.005

45 	 Hamada S, Masson E, Chen JM, et al, GREPAN (Genetic REsearch 
on PANcreatitis) Study Group. Functionally deficient TRPV6 variants 
contribute to hereditary and familial chronic pancreatitis. Hum 
Mutat 2022;43:228-39. doi:10.1002/humu.24315

46 	 Sahin-Tóth M. Channelopathy of the Pancreas Causes Chronic 
Pancreatitis. Gastroenterology 2020;158:1538-40. doi:10.1053/j.
gastro.2020.03.027

47 	 Bertin C, Pelletier AL, Vullierme MP, et al. Pancreas divisum is not 
a cause of pancreatitis by itself but acts as a partner of genetic 
mutations. Am J Gastroenterol 2012;107:311-7. doi:10.1038/
ajg.2011.424

48 	 Majumder S, Takahashi N, Chari ST. Autoimmune Pancreatitis. Dig Dis 
Sci 2017;62:1762-9. doi:10.1007/s10620-017-4541-y

49 	 Habtezion A, Gukovskaya AS, Pandol SJ. Acute Pancreatitis: 
A Multifaceted Set of Organelle and Cellular Interactions. 
Gastroenterology 2019;156:1941-50. doi:10.1053/j.
gastro.2018.11.082

50 	 Sah RP, Garg SK, Dixit AK, Dudeja V, Dawra RK, Saluja AK. Endoplasmic 
reticulum stress is chronically activated in chronic pancreatitis. J Biol 
Chem 2014;289:27551-61. doi:10.1074/jbc.M113.528174

51 	 Liu L, Zhu Y, Noë M, Li Q, Pasricha PJ. Neuronal Transforming Growth 
Factor beta Signaling via SMAD3 Contributes to Pain in Animal 
Models of Chronic Pancreatitis. Gastroenterology 2018;154:2252-
2265.e2. doi:10.1053/j.gastro.2018.02.030

52 	 Xue J, Sharma V, Hsieh MH, et al. Alternatively activated 
macrophages promote pancreatic fibrosis in chronic pancreatitis. Nat 
Commun 2015;6:7158. doi:10.1038/ncomms8158

53 	 Apte MV, Pirola RC, Wilson JS. Pancreatic stellate cells: a starring 
role in normal and diseased pancreas. Front Physiol 2012;3:344. 
doi:10.3389/fphys.2012.00344

54 	 Masamune A, Watanabe T, Kikuta K, Shimosegawa T. Roles of 
pancreatic stellate cells in pancreatic inflammation and fibrosis. 
Clin Gastroenterol Hepatol 2009;7(Suppl):S48-54. doi:10.1016/j.
cgh.2009.07.038

55 	 Masamune A, Shimosegawa T. Signal transduction in pancreatic 
stellate cells. J Gastroenterol 2009;44:249-60. doi:10.1007/
s00535-009-0013-2

56 	 Apte MV, Haber PS, Darby SJ, et al. Pancreatic stellate cells are 
activated by proinflammatory cytokines: implications for pancreatic 
fibrogenesis. Gut 1999;44:534-41. doi:10.1136/gut.44.4.534

57 	 Apte MV, Wilson JS, Lugea A, Pandol SJ. A starring role for 
stellate cells in the pancreatic cancer microenvironment. 
Gastroenterology 2013;144:1210-9. doi:10.1053/j.
gastro.2012.11.037

58 	 Omary MB, Lugea A, Lowe AW, Pandol SJ. The pancreatic stellate cell: 
a star on the rise in pancreatic diseases. J Clin Invest 2007;117:50-9. 
doi:10.1172/JCI30082

59 	 Olesen SS, Krauss T, Demir IE, et al. Towards a neurobiological 
understanding of pain in chronic pancreatitis: mechanisms and 
implications for treatment. Pain Rep 2017;2:e625. doi:10.1097/
PR9.0000000000000625

60 	 Drewes AM, Bouwense SAW, Campbell CM, et al, Working 
group for the International (IAP – APA – JPS – EPC) Consensus 
Guidelines for Chronic Pancreatitis. Guidelines for the 
understanding and management of pain in chronic pancreatitis. 
Pancreatology 2017;17:720-31. doi:10.1016/j.pan.2017.07.006

61 	 Muthulingam J, Olesen SS, Hansen TM, et al. Progression of 
Structural Brain Changes in Patients With Chronic Pancreatitis 
and Its Association to Chronic Pain: A 7-Year Longitudinal 
Follow-up Study. Pancreas 2018;47:1267-76. doi:10.1097/
MPA.0000000000001151

62 	 Sarkar S, Sarkar P, M R, et al. Pain, depression, and poor quality of life 
in chronic pancreatitis: Relationship with altered brain metabolites. 
Pancreatology 2022;22:688-97. doi:10.1016/j.pan.2022.06.007

63 	 Wen L, Voronina S, Javed MA, et al. Inhibitors of ORAI1 Prevent 
Cytosolic Calcium-Associated Injury of Human Pancreatic 
Acinar Cells and Acute Pancreatitis in 3 Mouse Models. 
Gastroenterology 2015;149:481-92.e7. doi:10.1053/j.
gastro.2015.04.015

64 	 Lugea A, Waldron R, Su HY, et al. Effect of Orai1 
Inhibition on Acute Pancreatitis Responses. 
Gastroenterology 2016;150:S142doi:10.1016/S0016-
5085(16)30577-7 .

65 	 Waldron RT, Chen Y, Pham H, et al. The Orai Ca2+ channel 
inhibitor CM4620 targets both parenchymal and immune cells 

to reduce inflammation in experimental acute pancreatitis. J 
Physiol 2019;597:3085-105. doi:10.1113/JP277856

66 	 Lee B, Adamska JZ, Namkoong H, et al. Distinct immune 
characteristics distinguish hereditary and idiopathic chronic 
pancreatitis. J Clin Invest 2020;130:2705-11. doi:10.1172/
JCI134066

67 	 Xue J, Zhao Q, Sharma V, et al. Aryl Hydrocarbon Receptor Ligands 
in Cigarette Smoke Induce Production of Interleukin-22 to 
Promote Pancreatic Fibrosis in Models of Chronic Pancreatitis. 
Gastroenterology 2016;151:1206-17. doi:10.1053/j.
gastro.2016.09.064

68 	 Steer ML, Waxman I, Freedman S. Chronic pancreatitis. N Engl J 
Med 1995;332:1482-90. doi:10.1056/NEJM199506013322206

69 	 Cruz-Monserrate Z, Gumpper K, Pita V, et al, Consortium for the 
Study of Chronic Pancreatitis, Diabetes, and Pancreatic Cancer. 
Biomarkers of Chronic Pancreatitis: A systematic literature review. 
Pancreatology 2021;21:323-33. doi:10.1016/j.pan.2021.01.006

70 	 Yadav D, Park WG, Fogel EL, et al, Consortium for the Study of 
Chronic Pancreatitis, Diabetes, and Pancreatic Cancer (CPDPC). 
PROspective Evaluation of Chronic Pancreatitis for EpidEmiologic 
and Translational StuDies: Rationale and Study Design for PROCEED 
From the Consortium for the Study of Chronic Pancreatitis, Diabetes, 
and Pancreatic Cancer. Pancreas 2018;47:1229-38. doi:10.1097/
MPA.0000000000001170

71 	 Waldron RT, Jones EK, Anani VI, et al. Salivary Biomarker 
Evaluation of Chronic Pancreatitis Patients Reveals Alterations 
in Human Proteins, Cytokines, Prostaglandin E2 Levels, and 
Bacterial Diversity. Pancreas 2022;51:723-32. doi:10.1097/
MPA.0000000000002113

72 	 Conwell DL, Lee LS, Yadav D, et al. American Pancreatic Association 
Practice Guidelines in Chronic Pancreatitis: evidence-based report on 
diagnostic guidelines. Pancreas 2014;43:1143-62. doi:10.1097/
MPA.0000000000000237

73 	 Gardner TB, Adler DG, Forsmark CE, Sauer BG, Taylor JR, 
Whitcomb DC. ACG Clinical Guideline: Chronic Pancreatitis. 
Am J Gastroenterol 2020;115:322-39. doi:10.14309/
ajg.0000000000000535

74 	 Sarner M, Cotton PB. Classification of pancreatitis. Gut 1984;25:756-
9. doi:10.1136/gut.25.7.756

75 	 Sarner M, Cotton PB. Definitions of acute and chronic pancreatitis. 
Clin Gastroenterol 1984;13:865-70. doi:10.1016/S0300-
5089(21)00761-6

76 	 Catalano MF, Sahai A, Levy M, et al. EUS-based criteria for the 
diagnosis of chronic pancreatitis: the Rosemont classification. 
Gastrointest Endosc 2009;69:1251-61. doi:10.1016/j.
gie.2008.07.043

77 	 Schneider A, Löhr JM, Singer MV. The M-ANNHEIM classification of 
chronic pancreatitis: introduction of a unifying classification system 
based on a review of previous classifications of the disease. J 
Gastroenterol 2007;42:101-19. doi:10.1007/s00535-006-1945-4

78 	 Jones SN, Lees WR, Frost RA. Diagnosis and grading of chronic 
pancreatitis by morphological criteria derived by ultrasound and 
pancreatography. Clin Radiol 1988;39:43-8. doi:10.1016/S0009-
9260(88)80339-8

79 	 Alkaade S, Cem Balci N, Momtahen AJ, Burton F. Normal pancreatic 
exocrine function does not exclude MRI/MRCP chronic pancreatitis 
findings. J Clin Gastroenterol 2008;42:950-5. doi:10.1097/
MCG.0b013e31812f4ef5

80 	 Balci NC, Alkaade S, Magas L, Momtahen AJ, Burton FR. Suspected 
chronic pancreatitis with normal MRCP: findings on MRI in correlation 
with secretin MRCP. J Magn Reson Imaging 2008;27:125-31. 
doi:10.1002/jmri.21241

81 	 Balci NC, Smith A, Momtahen AJ, et al. MRI and S-MRCP findings 
in patients with suspected chronic pancreatitis: correlation with 
endoscopic pancreatic function testing (ePFT). J Magn Reson 
Imaging 2010;31:601-6. doi:10.1002/jmri.22085

82 	 Swensson J, Zaheer A, Conwell D, Sandrasegaran K, Manfredi R, 
Tirkes T. Secretin-Enhanced MRCP: How and Why-AJR Expert Panel 
Narrative Review. AJR Am J Roentgenol 2021;216:1139-49. 
doi:10.2214/AJR.20.24857

83 	 Madzak A, Olesen SS, Wathle GK, Haldorsen IS, Drewes AM, 
Frøkjær JB. Secretin-Stimulated Magnetic Resonance Imaging 
Assessment of the Benign Pancreatic Disorders: Systematic Review 
and Proposal for a Standardized Protocol. Pancreas 2016;45:1092-
103. doi:10.1097/MPA.0000000000000606

84 	 Manfredi R, Lucidi V, Gui B, et al. Idiopathic chronic pancreatitis in 
children: MR cholangiopancreatography after secretin administration. 
Radiology 2002;224:675-82. doi:10.1148/radiol.2243011085

85 	 Tirkes T, Yadav D, Conwell DL, et al, Consortium for the Study 
of Chronic Pancreatitis, Diabetes, Pancreatic Cancer (CPDPC). 
Quantitative MRI of chronic pancreatitis: results from a multi-
institutional prospective study, magnetic resonance imaging 
as a non-invasive method for assessment of pancreatic fibrosis 
(MINIMAP). Abdom Radiol (NY) 2022;47:3792-805. doi:10.1007/
s00261-022-03654-7

 on 2 M
arch 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j-2023-070920 on 26 F
ebruary 2024. D

ow
nloaded from

 

http://www.bmj.com/


STATE OF THE ART REVIEWSTATE OF THE ART REVIEW

14� doi: 10.1136/bmj-2023-070920 | BMJ 2024;384:e070920 | the bmj

86 	 Tirkes T, Dasyam AK, Shah ZK, et al, Consortium for the Study of 
Chronic Pancreatitis, Diabetes, Pancreatic Cancer (CPDPC). T1 signal 
intensity ratio of the pancreas as an imaging biomarker for the 
staging of chronic pancreatitis. Abdom Radiol (NY) 2022;47:3507-
19. doi:10.1007/s00261-022-03611-4

87 	 Tirkes T, Saeed OA, Osuji VC, et al. Histopathologic correlation  
of pancreatic fibrosis with pancreatic magnetic resonance  
imaging quantitative metrics and Cambridge classification.  
Abdom Radiol (NY) 2022;47:2371-80. doi:10.1007/s00261-022-
03532-2

88 	 Whitcomb DC, Shimosegawa T, Chari ST, et al, Working Group for 
the International (IAP – APA – JPS – EPC) Consensus Guidelines 
for Chronic Pancreatitis. International consensus statements on 
early chronic Pancreatitis. Recommendations from the working 
group for the international consensus guidelines for chronic 
pancreatitis in collaboration with The International Association of 
Pancreatology, American Pancreatic Association, Japan Pancreas 
Society, PancreasFest Working Group and European Pancreatic Club. 
Pancreatology 2018;18:516-27. doi:10.1016/j.pan.2018.05.008

89 	 Olesen SS, Nøjgaard C, Poulsen JL, et al, Scandinavian Baltic 
Pancreatic Club. Chronic Pancreatitis Is Characterized by Distinct 
Complication Clusters That Associate With Etiological Risk 
Factors. Am J Gastroenterol 2019;114:656-64. doi:10.14309/
ajg.0000000000000147

90 	 DiMagno EP, Go VL, Summerskill WH. Relations between pancreatic 
enzyme outputs and malabsorption in severe pancreatic 
insufficiency. N Engl J Med 1973;288:813-5. doi:10.1056/
NEJM197304192881603

91 	 Niederau C, Grendell JH. Diagnosis of chronic pancreatitis. 
Gastroenterology 1985;88:1973-95. doi:10.1016/0016-
5085(85)90029-0

92 	 Masamune O, Takahashi T, Nagasaki A, Iwabuchi J, Ishikawa M. 
Diagnostic significance of the sudan III staining for fecal fat. Tohoku J 
Exp Med 1977;122:397-402. doi:10.1620/tjem.122.397

93 	 Walkowiak J, Herzig KH, Strzykala K, Przyslawski J, Krawczynski M. 
Fecal elastase-1 is superior to fecal chymotrypsin in the assessment 
of pancreatic involvement in cystic fibrosis. Pediatrics 2002;110:e7. 
doi:10.1542/peds.110.1.e7

94 	 Gullo L. Faecal elastase 1 in chronic pancreatitis. Gut 1999;44:291-
2.

95 	 Jacobson DG, Curington C, Connery K, Toskes PP. Trypsin-like 
immunoreactivity as a test for pancreatic insufficiency. N Engl J 
Med 1984;310:1307-9. doi:10.1056/NEJM198405173102007

96 	 Chowdhury RS, Forsmark CE. Review article: Pancreatic function 
testing. Aliment Pharmacol Ther 2003;17:733-50. doi:10.1046/
j.1365-2036.2003.01495.x

97 	 Raimondo M, Imoto M, DiMagno EP. Rapid endoscopic secretin 
stimulation test and discrimination of chronic pancreatitis and 
pancreatic cancer from disease controls. Clin Gastroenterol 
Hepatol 2003;1:397-403. doi:10.1053/S1542-3565(03)00182-4

98 	 DiMagno MJ, DiMagno EP. Chronic pancreatitis. Curr 
Opin Gastroenterol 2009;25:454-9. doi:10.1097/
MOG.0b013e32832e1600

99 	 Forsmark CE. Diagnosis and Management of Exocrine Pancreatic 
Insufficiency. Curr Treat Options Gastroenterol 2018;16:306-15. 
doi:10.1007/s11938-018-0186-y

100 	Duggan SN, Smyth ND, Murphy A, Macnaughton D, O’Keefe SJ, 
Conlon KC. High prevalence of osteoporosis in patients with 
chronic pancreatitis: a systematic review and meta-analysis. 
Clin Gastroenterol Hepatol 2014;12:219-28. doi:10.1016/j.
cgh.2013.06.016

101 	Tignor AS, Wu BU, Whitlock TL, et al. High prevalence of low-trauma 
fracture in chronic pancreatitis. Am J Gastroenterol 2010;105:2680-
6. doi:10.1038/ajg.2010.325

102 	Hart PA, Yadav D, Li L, et al, Consortium for the Study of Chronic 
Pancreatitis, Diabetes, and Pancreatic Cancer (CPDPC). High 
Prevalence of Osteopathy in Chronic Pancreatitis: A Cross-
sectional Analysis From the PROCEED Study. Clin Gastroenterol 
Hepatol 2022;20:2005-13. doi:10.1016/j.cgh.2021.09.026

103 	Goodarzi MO, Petrov MS, Andersen DK, Hart PA. Diabetes 
in chronic pancreatitis: risk factors and natural history. 
Curr Opin Gastroenterol 2021;37:526-31. doi:10.1097/
MOG.0000000000000756

104 	Hart PA, Andersen DK, Petrov MS, Goodarzi MO. Distinguishing 
diabetes secondary to pancreatic diseases from type 2 diabetes 
mellitus. Curr Opin Gastroenterol 2021;37:520-5. doi:10.1097/
MOG.0000000000000754

105 	Hart PA, Andersen DK, Mather KJ, et al, Consortium for the Study 
of Chronic Pancreatitis, Diabetes, and Pancreatic Cancer (CPDPC). 
Evaluation of a Mixed Meal Test for Diagnosis and Characterization 
of PancrEaTogEniC DiabeTes Secondary to Pancreatic Cancer and 
Chronic Pancreatitis: Rationale and Methodology for the DETECT 
Study From the Consortium for the Study of Chronic Pancreatitis, 
Diabetes, and Pancreatic Cancer. Pancreas 2018;47:1239-43. 
doi:10.1097/MPA.0000000000001168

106 	Zhu X, Liu D, Wei Q, et al. New-Onset Diabetes Mellitus After 
Chronic Pancreatitis Diagnosis: A Systematic Review and 
Meta-analysis. Pancreas 2019;48:868-75. doi:10.1097/
MPA.0000000000001359

107 	Wei Q, Qi L, Lin H, et al. Pathological Mechanisms in Diabetes of 
the Exocrine Pancreas: What’s Known and What’s to Know. Front 
Physiol 2020;11:570276. doi:10.3389/fphys.2020.570276

108 	Goodarzi MO, Nagpal T, Greer P, et al, Consortium for the 
Study of Chronic Pancreatitis, Diabetes, and Pancreatic 
Cancer (CPDPC). Genetic Risk Score in Diabetes Associated 
With Chronic Pancreatitis Versus Type 2 Diabetes Mellitus. 
Clin Transl Gastroenterol 2019;10:e00057. doi:10.14309/
ctg.0000000000000057

109 	Jeon C, Hart PA, Li L, et al. Development of a Clinical Prediction Model 
for Diabetes in Chronic Pancreatitis: The PREDICT3c Study. Diabetes 
Care 2023;46:46-55. doi:10.2337/dc22-1414

110 	Hart PA, Andersen DK, Mather KJ, et al, Consortium for the Study 
of Chronic Pancreatitis, Diabetes, and Pancreatic Cancer (CPDPC). 
Evaluation of a Mixed Meal Test for Diagnosis and Characterization 
of PancrEaTogEniC DiabeTes Secondary to Pancreatic Cancer and 
Chronic Pancreatitis: Rationale and Methodology for the DETECT 
Study From the Consortium for the Study of Chronic Pancreatitis, 
Diabetes, and Pancreatic Cancer. Pancreas 2018;47:1239-43. 
doi:10.1097/MPA.0000000000001168

111 	Hart PA, Bellin MD, Andersen DK, et al, Consortium for the 
Study of Chronic Pancreatitis, Diabetes, and Pancreatic Cancer 
(CPDPC). Type 3c (pancreatogenic) diabetes mellitus secondary to 
chronic pancreatitis and pancreatic cancer. Lancet Gastroenterol 
Hepatol 2016;1:226-37. doi:10.1016/S2468-1253(16)30106-6

112 	Yadav D, Askew RL, Palermo T, et al, Consortium for the Study 
of Chronic Pancreatitis, Diabetes, and Pancreatic Cancer 
(CPDPC). Association of Chronic Pancreatitis Pain Features 
With Physical, Mental, and Social Health. Clin Gastroenterol 
Hepatol 2023;21:1781-1791.e4. doi:10.1016/j.cgh.2022.09.026

113 	Palermo TM, Murray C, Aalfs H, et al, Consortium for the Study of 
Chronic Pancreatitis, Diabetes and Pancreatic Cancer. Web-based 
cognitive-behavioral intervention for pain in pediatric acute recurrent 
and chronic pancreatitis: Protocol of a multicenter randomized 
controlled trial from the study of chronic pancreatitis, diabetes and 
pancreatic cancer (CPDPC). Contemp Clin Trials 2020;88:105898. 
doi:10.1016/j.cct.2019.105898

114 	Palermo TM, Law EF, Topazian MD, et al, Consortium for the 
Study of Chronic Pancreatitis, Diabetes, and Pancreatic Cancer 
(CPDPC). Internet Cognitive-Behavioral Therapy for Painful 
Chronic Pancreatitis: A Pilot Feasibility Randomized Controlled 
Trial. Clin Transl Gastroenterol 2021;12:e00373. doi:10.14309/
ctg.0000000000000373

115 	Andriulli A, Botteri E, Almasio PL, Vantini I, Uomo G, Maisonneuve P, 
ad hoc Committee of the Italian Association for the Study of the 
Pancreas. Smoking as a cofactor for causation of chronic pancreatitis: 
a meta-analysis. Pancreas 2010;39:1205-10. doi:10.1097/
MPA.0b013e3181df27c0

116 	Slaff J, Jacobson D, Tillman CR, Curington C, Toskes P. Protease-
specific suppression of pancreatic exocrine secretion. 
Gastroenterology 1984;87:44-52. doi:10.1016/0016-
5085(84)90124-0

117 	Olesen SS, Bouwense SA, Wilder-Smith OH, van Goor H, Drewes AM. 
Pregabalin reduces pain in patients with chronic pancreatitis in a 
randomized, controlled trial. Gastroenterology 2011;141:536-43. 
doi:10.1053/j.gastro.2011.04.003

118 	Ahmed Ali U, Jens S, Busch OR, et al. Antioxidants for pain in chronic 
pancreatitis. Cochrane Database Syst Rev 2014;2014:CD008945. 
doi:10.1002/14651858.CD008945.pub2

119 	Halgreen H, Pedersen NT, Worning H. Symptomatic effect 
of pancreatic enzyme therapy in patients with chronic 
pancreatitis. Scand J Gastroenterol 1986;21:104-8. 
doi:10.3109/00365528609034631

120 	Isaksson G, Ihse I. Pain reduction by an oral pancreatic enzyme 
preparation in chronic pancreatitis. Dig Dis Sci 1983;28:97-102. 
doi:10.1007/BF01315137

121 	Larvin M, McMahon MJ, Thomas WEG, Puntis MCA. Creon (enteric 
coated Pancreatin microspheres) for the treatment of pain in chronic 
pancreatitis: a doubleblind randomised placebo-controlled crossover 
study. Gastroenterology 1991;100:A283.

122 	Mössner J, Secknus R, Meyer J, Niederau C, Adler G. Treatment 
of pain with pancreatic extracts in chronic pancreatitis: 
results of a prospective placebo-controlled multicenter trial. 
Digestion 1992;53:54-66. doi:10.1159/000200971

123 	Malesci A, Gaia E, Fioretta A, et al. No effect of long-term treatment 
with pancreatic extract on recurrent abdominal pain in patients 
with chronic pancreatitis. Scand J Gastroenterol 1995;30:392-8. 
doi:10.3109/00365529509093296

124 	Czakó L, Takács T, Hegyi P, et al. Quality of life assessment after 
pancreatic enzyme replacement therapy in chronic pancreatitis. Can J 
Gastroenterol 2003;17:597-603. doi:10.1155/2003/515848

 on 2 M
arch 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j-2023-070920 on 26 F
ebruary 2024. D

ow
nloaded from

 

http://www.bmj.com/


STATE OF THE ART REVIEWSTATE OF THE ART REVIEW

the bmj | BMJ 2024;384:e070920 | doi: 10.1136/bmj-2023-070920� 15

125 	Winstead NS, Wilcox CM. Clinical trials of pancreatic enzyme 
replacement for painful chronic pancreatitis--a review. 
Pancreatology 2009;9:344-50. doi:10.1159/000212086

126 	Kaufman M, Singh G, Das S, et al. Efficacy of endoscopic ultrasound-
guided celiac plexus block and celiac plexus neurolysis for managing 
abdominal pain associated with chronic pancreatitis and pancreatic 
cancer. J Clin Gastroenterol 2010;44:127-34. doi:10.1097/
MCG.0b013e3181bb854d

127 	Sofi AA, Khan MA, Ahmad S, et al. Comparison of clinical outcomes 
of multiple plastic stents and covered metal stent in refractory 
pancreatic ductal strictures in chronic pancreatitis- a systematic 
review and meta-analysis. Pancreatology 2021;21:854-61. 
doi:10.1016/j.pan.2021.03.017

128 	Dumonceau JM, Costamagna G, Tringali A, et al. Treatment for painful 
calcified chronic pancreatitis: extracorporeal shock wave lithotripsy 
versus endoscopic treatment: a randomised controlled trial. 
Gut 2007;56:545-52. doi:10.1136/gut.2006.096883

129 	Diener MK, Rahbari NN, Fischer L, Antes G, Büchler MW, 
Seiler CM. Duodenum-preserving pancreatic head resection 
versus pancreatoduodenectomy for surgical treatment of 
chronic pancreatitis: a systematic review and meta-analysis. Ann 
Surg 2008;247:950-61. doi:10.1097/SLA.0b013e3181724ee7

130 	Diener MK, Hüttner FJ, Kieser M, et al, ChroPac Trial Group. Partial 
pancreatoduodenectomy versus duodenum-preserving pancreatic 
head resection in chronic pancreatitis: the multicentre, randomised, 
controlled, double-blind ChroPac trial. Lancet 2017;390:1027-37. 
doi:10.1016/S0140-6736(17)31960-8

131 	Kempeneers MA, Scholten L, Verkade CR, et al, Dutch Pancreatitis 
Study Group. Efficacy of total pancreatectomy with islet 
autotransplantation on opioid and insulin requirement in painful 
chronic pancreatitis: A systematic review and meta-analysis. 
Surgery 2019;166:263-70. doi:10.1016/j.surg.2019.03.014

132 	Díte P, Ruzicka M, Zboril V, Novotný I. A prospective, randomized trial 
comparing endoscopic and surgical therapy for chronic pancreatitis. 
Endoscopy 2003;35:553-8. doi:10.1055/s-2003-40237

133 	Cahen DL, Gouma DJ, Nio Y, et al. Endoscopic versus surgical 
drainage of the pancreatic duct in chronic pancreatitis. N Engl J 
Med 2007;356:676-84. doi:10.1056/NEJMoa060610

134 	Issa Y, Kempeneers MA, Bruno MJ, et al, Dutch Pancreatitis Study 
Group. Effect of Early Surgery vs Endoscopy-First Approach on Pain in 
Patients With Chronic Pancreatitis: The ESCAPE Randomized Clinical 
Trial. JAMA 2020;323:237-47. doi:10.1001/jama.2019.20967

135 	Ahmed Ali U, Pahlplatz JM, Nealon WH, van Goor H, Gooszen HG, 
Boermeester MA. Endoscopic or surgical intervention for painful 
obstructive chronic pancreatitis. Cochrane Database Syst Rev 
2015;2015:CD007884. doi:10.1002/14651858.CD007884.pub3

136 	Chong E, Ratnayake CB, Saikia S, et al. Endoscopic transmural drainage 
is associated with improved outcomes in disconnected pancreatic 
duct syndrome: a systematic review and meta-analysis. BMC 
Gastroenterol 2021;21:87. doi:10.1186/s12876-021-01663-2

137 	Haapamäki C, Kylänpää L, Udd M, et al. Randomized multicenter 
study of multiple plastic stents vs. covered self-expandable metallic 
stent in the treatment of biliary stricture in chronic pancreatitis. 
Endoscopy 2015;47:605-10. doi:10.1055/s-0034-1391331

138 	Coté GA, Slivka A, Tarnasky P, et al. Effect of covered metallic stents 
compared with plastic stents on benign biliary stricture resolution: 
A randomized clinical trial. JAMA 2016;315:1250-7. doi:10.1001/
jama.2016.2619

139 	Sagar S, Soundarajan R, Gupta P, et al. Efficacy of endovascular 
embolization of arterial pseudoaneurysms in pancreatitis: A 
systematic review and meta-analysis. Pancreatology 2021;21:46-58. 
doi:10.1016/j.pan.2020.11.017

140 	Butler JR, Eckert GJ, Zyromski NJ, Leonardi MJ, Lillemoe KD, Howard TJ. 
Natural history of pancreatitis-induced splenic vein thrombosis: 
a systematic review and meta-analysis of its incidence and rate 
of gastrointestinal bleeding. HPB (Oxford) 2011;13:839-45. 
doi:10.1111/j.1477-2574.2011.00375.x

141 	Kirkegård J, Mortensen FV, Cronin-Fenton D. Chronic pancreatitis and 
pancreatic cancer risk: A systematic review and meta-analysis. Am J 
Gastroenterol 2017;112:1366-72. doi:10.1038/ajg.2017.218

142 	Su SB, Qin SY, Chen W, Luo W, Jiang HX. Carbohydrate antigen 
19-9 for differential diagnosis of pancreatic carcinoma and chronic 
pancreatitis. World J Gastroenterol 2015;21:4323-33. doi:10.3748/
wjg.v21.i14.4323

143 	Palathingal Bava E, George J, Iyer S, et al. Pirfenidone ameliorates 
chronic pancreatitis in mouse models through immune and cytokine 
modulation. Pancreatology 2022;22:553-63. doi:10.1016/j.
pan.2022.05.002

144 	Mehta RM, Pandol SJ, Joshi PR. Idiopathic chronic pancreatitis: 
Beyond antioxidants. World J Gastroenterol 2021;27:7423-32. 
doi:10.3748/wjg.v27.i43.7423

145 	Piplani H, Marek-Iannucci S, Sin J, et al. Simvastatin induces 
autophagic flux to restore cerulein-impaired phagosome-lysosome 
fusion in acute pancreatitis. Biochim Biophys Acta Mol Basis 
Dis 2019;1865:165530. doi:10.1016/j.bbadis.2019.08.006

146 	Goodman MT, Lo SK, Yadav D, et al. A Randomized, Double-
Blinded, Placebo-Controlled Trial of Simvastatin to Prevent 
Recurrent Pancreatitis. Pancreas 2022;51:e10-2. doi:10.1097/
MPA.0000000000001955

147 	Wu BU, Pandol SJ, Liu IL. Simvastatin is associated with reduced risk 
of acute pancreatitis: findings from a regional integrated healthcare 
system. Gut 2015;64:133-8. doi:10.1136/gutjnl-2013-306564

148 	Mareninova OA, Vegh ET, Shalbueva N, et al. Dysregulation of 
mannose-6-phosphate-dependent cholesterol homeostasis in 
acinar cells mediates pancreatitis. J Clin Invest 2021;131:e146870. 
doi:10.1172/JCI146870

149 	Ding N, Yu RT, Subramaniam N, et al. A vitamin D receptor/SMAD 
genomic circuit gates hepatic fibrotic response. Cell 2013;153:601-
13. doi:10.1016/j.cell.2013.03.028

150 	Sherman MH, Yu RT, Engle DD, et al. Vitamin D receptor-mediated 
stromal reprogramming suppresses pancreatitis and enhances 
pancreatic cancer therapy. Cell 2014;159:80-93. doi:10.1016/j.
cell.2014.08.007

151 	Hegyi P, Párniczky A, Lerch MM, et al, Working Group for the 
International (IAP – APA – JPS – EPC) Consensus Guidelines for 
Chronic Pancreatitis. International Consensus Guidelines for 
Risk Factors in Chronic Pancreatitis. Recommendations from 
the working group for the international consensus guidelines 
for chronic pancreatitis in collaboration with the International 
Association of Pancreatology, the American Pancreatic Association, 
the Japan Pancreas Society, and European Pancreatic Club. 
Pancreatology 2020;20:579-85. doi:10.1016/j.pan.2020.03.014

152 	Shimizu K, Ito T, Irisawa A, et al. Evidence-based clinical practice 
guidelines for chronic pancreatitis 2021. J Gastroenterol 
2022;57:709-24. doi:10.1007/s00535-022-01911-6

153 	Dominguez-Munoz JE, Drewes AM, Lindkvist B, et al, HaPanEU/
UEG Working Group. Recommendations from the United European 
Gastroenterology evidence-based guidelines for the diagnosis and 
therapy of chronic pancreatitis. Pancreatology 2018;18:847-54. 
doi:10.1016/j.pan.2018.09.016

154 	Löhr JM, Dominguez-Munoz E, Rosendahl J, et al, HaPanEU/UEG 
Working Group. United European Gastroenterology evidence-based 
guidelines for the diagnosis and therapy of chronic pancreatitis 
(HaPanEU). United European Gastroenterol J 2017;5:153-99. 
doi:10.1177/2050640616684695

155 	Frøkjær JB, Akisik F, Farooq A, et al, Working group for the 
International (IAP – APA – JPS – EPC) Consensus Guidelines 
for Chronic Pancreatitis. Guidelines for the Diagnostic Cross 
Sectional Imaging and Severity Scoring of Chronic Pancreatitis. 
Pancreatology 2018;18:764-73. doi:10.1016/j.pan.2018.08.012

156 	Mel Wilcox C, Gress T, Boermeester M, et al, International (IAP-
APA-JPS-EPC) Consensus Guidelines for Chronic Pancreatitis. 
International consensus guidelines on the role of diagnostic 
endoscopic ultrasound in the management of chronic pancreatitis. 
Recommendations from the working group for the international 
consensus guidelines for chronic pancreatitis in collaboration 
with the International Association of Pancreatology, the American 
Pancreatic Association, the Japan Pancreas Society, and European 
Pancreatic Club. Pancreatology 2020;20:822-7. doi:10.1016/j.
pan.2020.05.025

157 	Esposito I, Hruban RH, Verbeke C, et al, Working group for the 
International (IAP – APA – JPS – EPC) Consensus Guidelines for 
Chronic Pancreatitis. Guidelines on the histopathology of chronic 
pancreatitis. Recommendations from the working group for the 
international consensus guidelines for chronic pancreatitis in 
collaboration with the International Association of Pancreatology, 
the American Pancreatic Association, the Japan Pancreas Society, 
and the European Pancreatic Club. Pancreatology 2020;20:586-93. 
doi:10.1016/j.pan.2020.04.009

158 	de Rijk FEM, van Veldhuisen CL, Besselink MG, et al, Dutch 
Pancreatitis Study Group. Diagnosis and treatment of exocrine 
pancreatic insufficiency in chronic pancreatitis: An international 
expert survey and case vignette study. Pancreatology 2022;22:457-
65. doi:10.1016/j.pan.2022.03.013

159 	Kitano M, Gress TM, Garg PK, et al. International consensus 
guidelines on interventional endoscopy in chronic pancreatitis. 
Recommendations from the working group for the international 
consensus guidelines for chronic pancreatitis in collaboration 
with the International Association of Pancreatology, the American 
Pancreatic Association, the Japan Pancreas Society, and European 
Pancreatic Club. Pancreatology 2020;20:1045-55. doi:10.1016/j.
pan.2020.05.022

160 	Arvanitakis M, Ockenga J, Bezmarevic M, et al. ESPEN guideline 
on clinical nutrition in acute and chronic pancreatitis. Clin 
Nutr 2020;39:612-31. doi:10.1016/j.clnu.2020.01.004

161 	Kempeneers MA, Issa Y, Ali UA, et al, Working group for the 
International (IAP – APA – JPS – EPC) Consensus Guidelines 
for Chronic Pancreatitis. International consensus guidelines for 
surgery and the timing of intervention in chronic pancreatitis. 
Pancreatology 2020;20:149-57. doi:10.1016/j.pan.2019.12.005

 on 2 M
arch 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j-2023-070920 on 26 F
ebruary 2024. D

ow
nloaded from

 

http://www.bmj.com/


STATE OF THE ART REVIEWSTATE OF THE ART REVIEW

16� doi: 10.1136/bmj-2023-070920 | BMJ 2024;384:e070920 | the bmj

162 	Abu-El-Haija M, Anazawa T, Beilman GJ, et al. The role of total 
pancreatectomy with islet autotransplantation in the treatment of 
chronic pancreatitis: A report from the International Consensus 
Guidelines in chronic pancreatitis. Pancreatology 2020;20:762-71. 
doi:10.1016/j.pan.2020.04.005

163 	Greenhalf W, Lévy P, Gress T, et al, Working group for the International 
(IAP – APA – JPS – EPC) Consensus Guidelines for Chronic 

Pancreatitis. International consensus guidelines on surveillance 
for pancreatic cancer in chronic pancreatitis. Recommendations 
from the working group for the international consensus guidelines 
for chronic pancreatitis in collaboration with the International 
Association of Pancreatology, the American Pancreatic Association, 
the Japan Pancreas Society, and European Pancreatic Club. 
Pancreatology 2020;20:910-8. doi:10.1016/j.pan.2020.05.011

 on 2 M
arch 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j-2023-070920 on 26 F
ebruary 2024. D

ow
nloaded from

 

http://www.bmj.com/

