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Abstract
Chronic pancreatitis is a syndrome involving inflammation, fibrosis, and loss of
acinar and islet cells which can manifest in unrelenting abdominal pain,
malnutrition, and exocrine and endocrine insufficiency. The Toxic-Metabolic,
Idiopathic, Genetic, Autoimmune, Recurrent and Severe Acute Pancreatitis,
Obstructive (TIGAR-O) classification system categorizes known causes and
factors that contribute to chronic pancreatitis. Although determining disease
etiology provides a framework for focused and specific treatments, chronic
pancreatitis remains a challenging condition to treat owing to the often
refractory, centrally mediated pain and the lack of consensus regarding when
endoscopic therapy and surgery are indicated. Further complications incurred
include both exocrine and endocrine pancreatic insufficiency, pseudocyst
formation, bile duct obstruction, and pancreatic cancer. Medical treatment of
chronic pancreatitis involves controlling pain, addressing malnutrition via the
treatment of vitamin and mineral deficiencies and recognizing the risk of
osteoporosis, and administering appropriate pancreatic enzyme
supplementation and diabetic agents. Cornerstones in treatment include the
recognition of pancreatic exocrine insufficiency and administration of
pancreatic enzyme replacement therapy, support to cease smoking and
alcohol consumption, consultation with a dietitian, and a systematic follow-up to
assure optimal treatment effect.
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Definition and pathogenesis
Chronic pancreatitis (CP) is a syndrome characterized by  
chronic progressive pancreatic inflammation, fibrosis, and  
scarring, resulting in damage to and loss of exocrine (acinar), 
endocrine (islet cells), and ductal cells1. The syndrome is  
commonly associated with clinical features of abdominal pain, 
exocrine and endocrine insufficiency, secondary pancreatic  
cancer, and other complications. It is accepted that inflammation-
led fibrosis culminates in CP2. Although acute pancreatitis (AP) 
and CP were believed to be distinct entities3, a wealth of data 
support that AP, recurrent AP (RAP), and CP represent a disease 
continuum4,5. The etiology of CP has traditionally been classified  
as alcohol, hereditary, obstructive, hyperlipidemia, and idiopathic. 
Recent evidence supports the notion that, in most patients, more 
than one “etiology” is present. The TIGAR-O classification  
system (Figure 1) is grouped by risk modifiers, not etiologies,  
that may interact to produce pancreatic disease: toxic-metabolic, 
idiopathic, genetic, autoimmune, recurrent and severe AP-asso-
ciated CP, and obstructive etiologic factors6. The development 
of this classification system was based on the principle that an  
individual’s risk of developing CP is decided by one or more risk  
factors7. A two-hit hypothesis model can be used to outline 
the pathogenesis of CP8: in the setting of pre-existing AP risk  
factors (genetic, metabolic, and environmental), an initial first 
episode of AP (first hit) initiates or activates the immune system, 
followed by complete recovery, or pathologically by progression 

towards CP. This cascade of steps toward CP is triggered, pro-
vided that there is ongoing damage to the pancreas via oxidative 
stress or repeated episodes of acute inflammation, which may or 
may not be clinically apparent4. Collectively, this sequence has 
been coined the sentinel AP event (SAPE) hypothesis9,10. Over-
all, approximately 20% of patients with AP have a recurrence and 
36% of RAP patients go on to develop CP4. Here we will review  
further the myriad risk factors that contribute to the progression to 
end-stage CP and also cover the current treatment modalities for  
CP.

Risk factors
Alcohol
The pathogenesis of alcoholic pancreatitis is poorly understood, 
but it is thought that chronic alcohol consumption sensitizes 
the acinar cell to injury by interfering with mechanisms that  
protect against endoplasmic reticulum stress11. CP is not merely 
the alcohol injury but a complex chronic inflammatory disorder 
that is linked to genetic, metabolic, and environmental factors12. 
Alcoholic CP may initially present as a clinical episode of 
AP, and the development of CP is not inevitable in patients  
with alcoholic AP13,14. In one large natural history study, the 
authors investigated an association between alcohol consumption 
and CP in 540 patients and 695 controls15. Analysis revealed a 
significant association between alcohol and CP only with the 
consumption of five or more alcoholic drinks per day, which 

Figure 1. TIGAR-O risk factor classification system. AP, acute pancreatitis; CFTR, cystic fibrosis transmembrane conductance regulator; 
CP, chronic pancreatitis; IBD, inflammatory bowel disease; PBC, primary biliary cirrhosis; SAPE, sentinel acute pancreatitis event; SPINK1, 
serine protease inhibitor kazal-type 1; TIGAR-O, Toxic-Metabolic, Idiopathic, Genetic, Autoimmune, Recurrent and Severe Acute Pancreatitis, 
Obstructive. Adapted from11.
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suggests a threshold level of drinking15. Ultimately, the risk of  
pancreatitis, even among individuals who drink heavily, is very 
low, estimated to be approximately 2–3% with the consump-
tion of approximately five alcoholic drinks per day16. Recently, 
genetic variants in the CLDN2 gene loci have been identified 
that influence the risk for alcohol-related pancreatitis17. These  
findings represent an example of the complex interplay between 
various risk factors in CP. Alcohol increases the risk of CP in a 
dose-dependent manner1,18, and evidence shows that continued 
exposure increases chances of progression to CP18,19. Studies have 
shown that periodic intervention and frequent medical follow- 
up reduced the risk of disease recurrence after an initial attack of 
acute alcoholic pancreatitis during a two-year follow-up period20,  
which is especially relevant in a primary care setting, in which a 
patient is more likely to see their physican rather than a specialist 
over a long-term period.

Smoking
The prevalence of smoking increases with the amount of alcohol 
consumed21. However, new data from case-controlled studies 
show that there is an independent association between smok-
ing and both AP and CP21. Overall, 46% of all cases of pancrea-
titis could be attributed to smoking22. In a recent meta-analy-
sis, the pooled risk estimate for CP was 2.5 for current smokers 
when compared with never smokers after adjustment for alcohol  
use21,23. The risk of CP in smokers is linear, and, while acting 
as an independent risk factor, it is also a disease modifier, with  
synergistic detrimental effects in conjunction with alcohol con-
sumption2. Pancreatic ischemia worsened and leukocyte infiltra-
tion increased in an animal model of both smoking and alcohol  
use24,25 suggesting one possible mechanism for this synergy.

Genetic factors in pancreatitis
CP is now recognized as a complex disease with multiple  
associated genetic risk factors and disease modifiers2. Genetic vari-
ations strongly associated with CP are those in PRSS1 (cationic 
trypsinogen), SPINK1 (serine protease inhibitor kazal-type 1), 
and CFTR (cystic fibrosis transmembrane conductance regula-
tor) and, to a lesser extent, CTRC (chymotrypsin C) and CASR 
(calcium-sensing receptor)2. These mutations and polymorphisms 
have different mechanisms and variable penetrance. The most 
potent mutation is in PRSS1, a gain-of-function mutation, which 
can cause the autosomal dominant condition of hereditary pan-
creatitis (HP)26. HP differs from many other forms of pancrea-
titis in the early onset, rapid progression to end-stage CP, and a  
significantly increased risk of pancreatic adenocarcinoma26.  
Mutations and polymorphisms in other genes function as risk fac-
tors and disease modifiers. Genetic testing might be considered 
when patients have a family history of idiopathic CP, RAP, or  
childhood pancreatitis, have relatives with known mutations  
associated with HP, are younger than 25 years old, or have RAP of 
uncertain etiology26.

Autoimmune pancreatitis
Celiac disease increases the risk of CP by approximately three-
fold27,28. The risk is also increased among patients with inflam-
matory bowel disease (IBD)29, systemic lupus erythematosus, 
and other autoimmune disorders2. Autoimmune pancreatitis (AIP) 

is a recently recognized pancreatic inflammatory disease that is  
further classified into two subtypes. Type 1, called lymphoplas-
macytic sclerosing pancreatitis, is a systemic disease affecting the 
pancreas, bile ducts, kidneys, salivary glands, retroperitoneum, 
and other organs. It is also associated with infiltration of these 
organs by IgG4-bearing plasma cells, with elevations in serum  
levels of IgG430. The IgG4 is not felt to be pathogenic but is use-
ful for diagnosis. AIP type 1 is most commonly seen in middle- 
aged men presenting with painless obstructive jaundice, a similar 
presentation to the much more common pancreatic cancer.  
Type 2 affects only the pancreas, is called idiopathic duct-centric 
pancreatitis, is not associated with IgG430, and is commonly  
seen in younger patients presenting with AP. Furthermore, type 
2 has no biomarker and is strongly associated with IBD. Both  
subtypes are corticosteroid responsive; however, relapses are  
typical in Type I AIP and rare in Type 2 AIP31,32. Thus, maintenance 
therapy with either an immunomodulator or rituximab is often  
necessary for patients with AIP33. Prior to initiating a therapeutic 
trial, it is essential to rule out pancreatic malignancy.

Anatomic abnormalities and ductal obstruction
Pancreatic ductal obstruction due to inflammatory strictures, 
benign tumors, or malignancies leads to chronic obstructive 
pancreatitis upstream from the obstruction1,34. These might 
include pancreatic ductal adenocarcinoma, intraductal papillary  
mucinous neoplasm, ampullary adenoma or carcinoma, duode-
nal diseases (celiac or Crohn’s disease) causing ampullary scar-
ring, ductal strictures after a severe episode of AP, pancreatic 
trauma, and other more controversial conditions like sphincter of 
Oddi dysfunction or pancreas divisum35. The potential for pan-
creatitis due to underlying malignancy requires a careful search 
for cancer in those at higher risk (generally above the age of 
40). As regards pancreas divisum, the larger dorsal pancreas is 
drained through the minor papilla, which hypothetically could 
cause obstruction. Pancreas divisum is common in the general  
population (up to 5–10%)36, but CP is rare in divisum, and it 
would be rarer still that CP might be confined to the dorsal pan-
creas in patients with pancreas divisum. A higher frequency of 
pancreas divisum has been noted in patients with CFTR mutation- 
associated pancreatitis, suggesting that these two potential risk 
factors cosegregrate. There is very little evidence that pancreas 
divisum by itself causes AP or CP, but it could act synergistically 
with genetic factors35.

Diagnosis of chronic pancreatitis
The diagnosis of CP is usually made by cross-sectional 
imaging, typically CT or MRI. The diagnosis in those with  
advanced CP is usually obvious on these studies, with pancreatic 
calcification, atrophy, and a dilated or irregular pancreatic duct. 
The addition of MRCP allows more accurate identification of  
pancreatic ductal abnormalities than does CT or MRI alone, 
particularly if the hormone secretin is administered during  
MRCP37. The diagnosis of CP in less-advanced disease is more 
challenging, and a combination of endoscopic ultrasonography  
(EUS) (Figure 2) and direct pancreatic function testing is  
utilized. Despite these techniques, early diagnosis remains  
difficult and often inaccurate. Interested readers are referred to a 
recent review of diagnostic approaches7.
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Figure 2. Endoscopic ultrasound images characterizing features of chronic pancreatitis. (a) Anechoic tubular structure with multiple 
hyperechoic structures with shadowing. Depicts a dilated main pancreatic duct with multiple calcified stones. (b) Anechoic tubular structure 
depicting dilated, irregular main pancreatic duct. (c) Diffuse echogenicity with hyperechoic foci with stranding. Depicts pancreatic lobularity 
with calcifications.

Clinical features of chronic pancreatitis and their 
management
Abdominal pain
The management of CP is challenging and requires a personal-
ized approach focused on the individual patient’s main symptoms, 
goals, and quality of life38. Most patients remain sympto-
matic despite therapy39. Most patients with CP have abdominal 
pain, with a reported prevalence of 50–85%40,41. Pain in CP is  
multifactorial, with inflammatory and neuropathic components30. 
The pain in the past was believed to be primarily due to obstruc-
tion of the pancreatic duct by either stricture or stone, resulting 
in high pressure and ischemia above the obstruction39. However, 
duct obstruction or dilation does not actually correlate with pain 
in numerous studies. A second cause of pain is complications of  
CP. These might include a pseudocyst, bile duct or duodenal 
obstruction, or a secondary pancreatic cancer. In more recent 
studies, a third contributor to pain would be termed neuropathic. 
The evidence of neuropathic changes better correlates with pain 
in CP. These include both structural changes to the intrapancre-
atic nerves and functional changes in both pancreatic nociceptive 
neurons and spinal and central neurons involved in pain signaling 
and perception. There is an increased density and hypertrophy of 
intra-pancreatic nerves, presumably from progressive inflam-
mation and fibrosis42. Trypsin further activates these nocicep-
tors, providing a unique (and unfortunate) trigger. These primary  
nociceptors have nerve bodies within the dorsal horn and com-
municate with second-order neurons within the spinal cord. 
The function of the primary nociceptive neurons and spinal 
neurons becomes abnormal, and a state of sensitization can  
develop39. This leads to hyperalgesia (a magnified pain percep-
tion to a normally painful stimuli) and allodynia (pain due to 
normal or physiologic stimuli). In this situation, therapy directed 
at the pancreas or pancreatic duct is often ineffective30. Medical  
treatment options for painful pancreatitis include avoidance of 
alcohol and smoking and administration of pancreatic enzymes,  
analgesics, antioxidants, and adjunctive agents39. The majority 
of patients with pain will require analgesics. Long-term use of  

high-potency opioids in this setting is best avoided because it 
leads to tolerance and dependence, particularly in patients for 
whom drug dependence and abuse potential are already a con-
cern from prior smoking, alcohol use, or depression. A reasonable 
initial approach is tramadol in dosages of 200 to 400 mg daily, 
although higher doses are given to some patients39. Thereafter, 
more potent narcotics may be required, with gradual increases in 
potency and frequency aimed to reduce but not eliminate pain39.  
Adjunctive pain medication such as tricyclic antidepressants,  
gabapentin, pregabalin, and selective serotonin-reuptake inhibi-
tors have been used either alone or in combination with opio-
ids with variable results1. Patients treated with pregabalin (up to  
300 mg twice daily) had reduced pain compared with those  
who were given placebo and were able to reduce opioid 
use43. The other adjunctive agents have not been assessed in  
randomized trials but are reasonable additions in patients who 
require more potent opioids. Additional medical options for 
pain reduction include pancreatic enzyme replacement therapy  
(PERT), octreotide, and antioxidants. PERT has been widely 
utilized in treating pain in CP patients. Pathophysiologically, 
PERT is used for pain relief because it can degrade CCK- 
releasing factor in the duodenum and, by doing so, lowers CCK 
levels; additionally, through this mechanism, it reduces pain38. The 
data supporting enzymes in this setting are limited. Large trials of  
antioxidants have reached different conclusions44, but they are a 
reasonable option if other therapies fail. Little evidence supports 
the use of octreotide.

In some patients, non-medical options for pain are also utilized. 
EUS and endoscopic retrograde cholangiopancreatography  
(ERCP) have well-defined roles in the diagnosis and man-
agement of CP12. For patients who do not respond to medical  
therapy, options include endoscopic therapy (ET), nerve block 
or neurolysis, and surgery. Many patients with poorly controlled  
pain, refractory to medical therapy, will not benefit from  
endoscopic procedures, and a detailed risk–benefit discussion and 
careful patient selection should precede any intervention1. The best 
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candidates for the successful treatment of CP pain with first-line 
ET are those with distal obstruction of the main pancreatic duct 
with obstructing stone or stricture in the head of the pancreas and 
in the early state of the disease45. The current approaches of ET 
for CP are directed at (1) relieving obstructing pancreatic duct 
stones, (2) relieving pancreatic duct strictures, (3) draining pan-
creatic pseudocysts, (4) administering celiac plexus nerve blocks, 
and (5) relieving benign biliary strictures46. ET comprises pan-
creatic and biliary sphincterotomy, stricture dilation and stent-
ing, stone extraction, and lithotripsy39. Large stones or impacted 
stones usually require extracorporeal shockwave lithotripsy  
(ESWL) or intraductal lithotripsy; these techniques apply 
shockwaves to break up stones39. Dominant strictures in the 
main pancreatic duct are managed by endoscopic pancreatic 
duct stent placement, with current guidelines supporting the 
use of a single stent placed long term47. Per ESGE guidelines,  
there is no role for ET in asymptomatic and uncomplicated 
CP. No study has demonstrated any benefit for ET in these  
patients, including for the preservation of exocrine or endo-
crine pancreatic insufficiency35,48,49. Although EUS-guided celiac 
plexus neurolysis relieves pain in about 50% of patients, the  
effect lasts a maximum of a few weeks with risk for side effects 
such as postural hypotension and diarrhea45. Hence, celiac plexus 
block is rarely applied in CP and is not recommended unless  
there is concomitant pancreatic malignancy50,51.

There is no clear consensus of opinion on whether surgery is  
superior to endoscopy in terms of mid-term and long-term 
pain relief in patients with CP52. In a Cochrane review of all the  
randomized controlled trials to date, the main finding was that  
surgery achieves pain relief in a higher proportion of patients 
compared with endoscopic treatment for patients with obstruc-
tive CP53. Additional benefits of surgery compared with endos-
copy were reported as well: mainly, improved quality of life in the  
middle/long-term and a lower risk of developing exocrine pan-
creatic insufficiency53. This review included two randomized con-
trolled trials with a total of 111 participants53. It should be noted 
that there are no sham-controlled studies. With this in mind,  
there is substantial evidence that some surgical interventions  
have a sizable “placebo effect” on patients, especially in the  
treatment of chronic pain54–63. A Mayo clinic systematic review 
studied the magnitude of the placebo effect associated with sham 
surgery procedures and found that there exists a large sham 
effect with an effect size of nearly 0.4 for improvement in sub-
jective outcomes, including pain, disability, and quality of life64. 
This was corroborated by a BMJ meta-analysis that demon-
strated that non-specific effects accounted for 78% of the active 
treatment effects of surgery in chronic pain conditions54. With 
no sham-controlled studies for surgery in painful CP, there is lit-
tle evidence to estimate the effect of surgical treatment of CP.  
Nonetheless, current European guidelines favor early surgery 
over surgery at a more advanced stage of disease to achieve 
optimal long-term pain relief52. Regardless, ET is performed 
first in most cases based on patient choice, with surgery most 
often reserved for patients whose painful symptoms do not 
respond well to ET. One long-term controlled trial of endoscopic  
pancreatic stenting to treat main pancreatic duct stricture in CP 

followed these patients as compared to controls for an average of  
62.5 months. The endoscopically stented patients had reduced 
pain recurrence (15% versus 50%) and slowed progression of 
pancreatic exocrine insufficiency (PEI)65. Once a multidiscipli-
nary decision is made to pursue surgery, options include lateral  
pancreaticojejunostomy or the modified Puestow procedure, 
the duodenum-preserving pancreatic head resection procedures 
(DPPHRs: Frey, Beger, or Berne), or the Whipple procedure. 
The DPPHR procedures are most commonly employed for com-
plicated CP with both a dilated pancreatic duct and an inflam-
matory mass in the head of the pancreas, often causing biliary or  
duodenal obstruction. The various techniques for DPPHR have 
been compared with partial pancreatoduodenectomy in several 
small-scale randomized trials, which have suggested superiority 
for DPPHR over partial pancreatoduodenectomy. However, the  
multicenter ChroPac trial showed no differences in quality of  
life after surgery between the two interventions66.

The modified Puestow is least morbid and preserves the most 
pancreatic parenchyma but has only around 50% long-term 
pain relief. Total pancreatectomy is associated with a high rate 
of post-operative morbidity (40–50%) and results in brittle  
insulin-dependent diabetes that is especially challenging to man-
age67. Total pancreatectomy is rarely indicated for the treat-
ment of CP and is reserved only for patients who failed previous  
surgical interventions, who have severe pain with complete  
exocrine and endocrine pancreatic failure, who meet IPMN  
criteria for resection67, or who have hereditary pancreatitis or  
familial pancreatic cancer as a prophylactic procedure for  
pancreatic cancer68. Despite the relatively high morbidity and 
mortality of operative management of CP, nearly half of all  
patients with CP will eventually require some form of surgical 
intervention to treat chronic pain that is unmanageable via  
less-invasive means69–71.

Management of exocrine insufficiency
PEI, characterized by inadequate pancreatic secretion of diges-
tive enzymes and bicarbonate, is one of the most significant 
complications of CP, affecting >50% of diagnosed patients72, 
resulting in compromised digestion, absorption, and metabo-
lism of nutrients. Symptomatic PEI does not occur until approxi-
mately 90% of pancreatic exocrine function is lost73. Exocrine 
insufficiency manifests as steatorrhea (often without diarrhea), 
weight loss, malnutrition, metabolic bone disease, and vitamin 
and mineral deficiency74. Severe PEI tends to develop between  
5 and 10 years following an initial diagnosis of CP39. PEI is  
most common in those with CP due to alcohol, smoking, and 
some other etiologies including PRSS1 mutations. As a result of 
PEI, these populations are at risk of weight loss and malnutri-
tion due to fat maldigestion and malabsorption75. Long-term fat  
malabsorption may also lead to fat-soluble vitamin (A, D, E, 
and K) deficiencies75 as well as deficiencies in calcium, magne-
sium, zinc, thiamine, and folic acid76. It should be noted that in  
CP patients, osteoporosis risk is three times higher than in the 
general population and is apparent in even exocrine-sufficient 
patients77. One in four CP patients have osteoporosis, and up 
to two-thirds have either osteoporosis or osteopenia78. For this 
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reason, bone mineral density testing should be done in all CP 
patients. Additionally, a baseline evaluation of nutritional status is  
appropriate when patients begin PERT to include weight and  
BMI, complete blood count, comprehensive metabolic panel,  
international normalized ratio, and levels of albumin, prealbumin, 
carotene, and vitamin D.

At present, measurement of fecal elastase is the most popu-
lar test to evaluate PEI. Low levels of fecal elastase (<200 µg/g 
stool, although even lower levels are more specific) or serum 
trypsin (<20 ng/mL) are usually observed in patients with PEI79–82.  
If PEI is suspected, obtaining fecal elastase and trypsin  
levels can confirm the diagnosis. It should be noted that, over-
all, serum trypsinogen is insensitive as a diagnostic test, with a  
sensitivity in the range of 33–65%79–81. However, a very low level 
of serum trypsin is a marker of severely compromised pancre-
atic function, and false positive results do not occur in patients 
with non-pancreatic steatorrhea82. This makes trypsin an attrac-
tive screening test in patients with steatorrhea of pancreatic  
origin. A 72-hour analysis of fecal fat content on a high-fat diet  
is necessary to confirm steatorrhea and diagnose PEI, but this  
test is cumbersome and rarely performed.

Cornerstones in the treatment of PEI are PERT, support to cease 
smoking and alcohol consumption, consultation with a dieti-
tian, and a systematic follow-up to assure optimal treatment 
effect70. Treatment is aimed at the normalization of digestion, 
alleviation of PEI-linked symptoms, and prevention of morbid-
ity and mortality associated with malnutrition as well as disease 
progression83. To guarantee optimal efficacy of oral PERT, it is 
necessary to ensure proper administration, dose, and adjuvant 
therapy. Currently available enzyme products are mainly enteric-
coated capsules and are identified by the amount of lipase (USP 
units) they contain (please refer to Table 1). Capsules should be  
administered with meals (as opposed to before or after) for opti-
mal effect84. The normal pancreas produces at least 90,000 
USP units of lipase with each meal. The starting dose for  
PERT should be at least 40,000 to 50,000 USP units of lipase with 
each meal and half that amount with snacks39. If signs or symp-
toms of maldigestion persist, the PERT dose can be increased 
up to 90,000 USP units of lipase (10% of normal output) with 

each meal39, and proton pump inhibitors can be added, since 
bicarbonate secretion is impaired in CP. The addition of proton 
pump inhibitors ensures that the lipase is protected from dena-
turation by gastric acid, as pancreatic lipase has been shown to  
be irreversibly inactivated at a pH below 485. Acid suppres-
sion is required if the non-enteric-coated preparation is used. If  
PERT is ineffective despite these measures, possible co-existing 
and/or alternative reasons for maldigestion such as small 
intestinal bacterial overgrowth should be investigated83. A 
low-fat diet is no longer recommended to reduce steatorrhea 
because of the risk of exacerbating PEI-related weight loss and  
deficiencies of lipid-soluble vitamins86,87.

Management of endocrine insufficiency
Diabetes has been recognized as a secondary complication 
of various pancreatic disorders such as AP and CP as well as  
pancreatic cancer88. Diabetes secondary to pancreatic disease 
is commonly referred to as pancreatogenic diabetes or type 3c  
diabetes mellitus (DM). More than half of all patients with CP 
develop DM89 due to the loss of complete islet cell mass, not 
just beta cells as in type 1 DM, or due to insulin resistance as in 
type 2 DM. The diagnosis of diabetes in CP patients relies on the  
same criteria as for all forms of diabetes: fasting plasma  
glucose level ≥126 mg/dL, 2-hour oral glucose tolerance test  
result >200 mg/dL, or hemoglobin A1c ≥6.5%. It is reasonable  
to repeat these tests on a yearly basis.

A unique characteristic of patients with type 3c diabetes is 
that they lose counter-regulatory hormones, such as gluca-
gon and pancreatic polypeptide, and are more susceptible to  
hypoglycemia90. Type 3c diabetes also puts patients at a particu-
larly high risk of developing secondary pancreatic carcinoma2. 
The use of an insulin-sensitizing agent such as metformin 
may reduce the risk of cancer in these patients39. Associated  
malabsorption due to PEI often releases higher levels of gut  
hormones including GLP-1; therefore, the effectiveness of insu-
lin secretagogues and incretin drugs is very low91,92. Treatment 
requires PERT to maximize incretin secretion and nutritional  
status in addition to diabetic medications and early referral to an  
endocrinologist for this brittle form of diabetes30,90.

Table 1. Enzyme therapy for exocrine insufficiency.

Product Formulation Lipase content/capsule or pill

Zenpep® Enteric-coated porcine 3,000, 5,000, 10,000, 15,000, 
20,000, 25,000, 40,000

Creon® Enteric-coated porcine 3,000, 6,000, 12,000, 24,000, 
36,000

Pancreaze® Enteric-coated porcine 4,200, 10,500, 16,800, 21,000

Pertzye® Enteric-coated porcine with bicarbonate 4,000, 8,000, 16,000

Viokace® Non-enteric-coated porcine tablet* 10,440, 20,880

*Needs to be co-administered with an H2 blocker or proton pump inhibitor

Page 7 of 11

F1000Research 2018, 7(F1000 Faculty Rev):607 Last updated: 17 MAY 2018



Conclusion
The etiology of CP has traditionally been classified as alcohol, 
hereditary, obstructive, hyperlipidemia, and idiopathic. Data 
indicate that AP progresses to RAP then to CP in a disease con-
tinuum. However, not all AP becomes recurrent, and not all RAP 
progresses to CP. Whether AP proceeds to RAP and to CP is  
determined by a multitude of risk factors, including exposure 
to alcohol, smoking, hereditary mutations, ductal obstruction, 
and autoimmune factors. Increased knowledge regarding these 
etiologies has enhanced our understanding of the disease and  
changed our approach to the diagnosis and management of this 
elusive disease. Current management of CP involves patient  
education, counseling regarding alcohol and tobacco abstinence, 
a multidisciplinary team approach to pain management, medical 
treatment of PEI, addressing malnutrition and osteoporosis, and 

adjustment of PERT and diabetic agents. In a carefully selected 
subset of patients, endoscopic and surgical intervention may be 
appropriate.

Competing interests
No competing interests were disclosed.

Grant information
The authors declare this work was supported by the National  
Institutes of Health grant 1U01DK108320.  

The funders had no role in study design, data collection and analysis, 
decision to publish, or preparation of the manuscript.

References F1000 recommended

1.  Majumder S, Chari ST: Chronic pancreatitis. Lancet. 2016; 387(10031): 
1957–66.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

2. Muniraj T, Aslanian HR, Farrell J, et al.: Chronic pancreatitis, a comprehensive 
review and update. Part I: epidemiology, etiology, risk factors, genetics, 
pathophysiology, and clinical features. Dis Mon. 2014; 60(12): 530–50.  
PubMed Abstract | Publisher Full Text 

3. Singer MV, Gyr K, Sarles H: [2d symposium on the classification of pancreatitis. 
Marseilles, 28-30 March 1984]. Acta Gastroenterol Belg. 1985; 48(6): 579–82. 
PubMed Abstract 

4. Sankaran SJ, Xiao AY, Wu LM, et al.: Frequency of progression from acute to 
chronic pancreatitis and risk factors: a meta-analysis. Gastroenterology. 2015; 
149(6): 1490–1500.e1.  
PubMed Abstract | Publisher Full Text 

5.  Ahmed Ali U, Issa Y, Hagenaars JC, et al.: Risk of Recurrent Pancreatitis 
and Progression to Chronic Pancreatitis After a First Episode of Acute 
Pancreatitis. Clin Gastroenterol Hepatol. 2016; 14(5): 738–46.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

6. Etemad B, Whitcomb DC: Chronic pancreatitis: diagnosis, classification, and 
new genetic developments. Gastroenterology. 2001; 120(3): 682–707.  
PubMed Abstract | Publisher Full Text 

7. 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(8): 1143–62.  
PubMed Abstract | Publisher Full Text | Free Full Text 

8. Klöppel G, Maillet B: The morphological basis for the evolution of acute 
pancreatitis into chronic pancreatitis. Virchows Arch A Pathol Anat Histopathol. 
1992; 420(1): 1–4.  
PubMed Abstract | Publisher Full Text 

9. Ammann RW, Largiadèr F, Akovbiantz A: Pain relief by surgery in chronic 
pancreatitis? Relationship between pain relief, pancreatic dysfunction, and 
alcohol withdrawal. Scand J Gastroenterol. 1979; 14(2): 209–15.  
PubMed Abstract 

10. Aoun E, Muddana V, Papachristou GI, et al.: SPINK1 N34S is strongly associated 
with recurrent acute pancreatitis but is not a risk factor for the first or sentinel 
acute pancreatitis event. Am J Gastroenterol. 2010; 105(2): 446–51.  
PubMed Abstract | Publisher Full Text 

11. Pandol SJ, Gorelick FS, Gerloff A, et al.: Alcohol abuse, endoplasmic reticulum 
stress and pancreatitis. Dig Dis. 2010; 28(6): 776–82.  
PubMed Abstract | Publisher Full Text | Free Full Text 

12. Stevens T, Conwell DL, Zuccaro G: Pathogenesis of chronic pancreatitis: an 
evidence-based review of past theories and recent developments. Am J 
Gastroenterol. 2004; 99(11): 2256–70.  
PubMed Abstract | Publisher Full Text 

13.  Machicado JD, Yadav D: Epidemiology of Recurrent Acute and Chronic 
Pancreatitis: Similarities and Differences. Dig Dis Sci. 2017; 62(7): 1683–91. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

14. Singer MV, Gyr K, Sarles H: Revised classification of pancreatitis. Report of 
the Second International Symposium on the Classification of Pancreatitis 
in Marseille, France, March 28-30, 1984. Gastroenterology. 1985; 89(3): 683–5. 
PubMed Abstract | Publisher Full Text

15. Whitcomb DC, Yadav D, Adam S, et al.: Multicenter approach to recurrent acute 
and chronic pancreatitis in the United States: the North American Pancreatitis 
Study 2 (NAPS2). Pancreatology. 2008; 8(4–5): 520–31.  
PubMed Abstract | Publisher Full Text | Free Full Text 

16. Lankisch PG, Lowenfels AB, Maisonneuve P: What is the risk of alcoholic 
pancreatitis in heavy drinkers? Pancreas. 2002; 25(4): 411–2.  
PubMed Abstract 

17.  Whitcomb DC, LaRusch J, Krasinskas AM, et al.: Common genetic variants 
in the CLDN2 and PRSS1-PRSS2 loci alter risk for alcohol-related and sporadic 
pancreatitis. Nat Genet. 2012; 44(12): 1349–54.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

18. Pelli H, Sand J, Laippala P, et al.: Long-term follow-up after the first episode 
of acute alcoholic pancreatitis: time course and risk factors for recurrence. 
Scand J Gastroenterol. 2000; 35(5): 552–5.  
PubMed Abstract | Publisher Full Text 

19. Takeyama Y: Long-term prognosis of acute pancreatitis in Japan. Clin 
Gastroenterol Hepatol. 2009; 7(11 Suppl): S15–7.  
PubMed Abstract | Publisher Full Text 

20.  Nordback I, Pelli H, Lappalainen-Lehto R, et al.: The recurrence of acute 
alcohol-associated pancreatitis can be reduced: a randomized controlled trial. 
Gastroenterology. 2009; 136(3): 848–55.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

21. Yadav D, Hawes RH, Brand RE, et al.: Alcohol consumption, cigarette smoking, 
and the risk of recurrent acute and chronic pancreatitis. Arch Intern Med. 2009; 
169(11): 1035–45.  
PubMed Abstract | Publisher Full Text 

22.  Tolstrup JS, Kristiansen L, Becker U, et al.: Smoking and risk of acute and 
chronic pancreatitis among women and men: a population-based cohort 
study. Arch Intern Med. 2009; 169(6): 603–9.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

23. Andriulli A, Botteri E, Almasio PL, et al.: Smoking as a cofactor for causation of 
chronic pancreatitis: a meta-analysis. Pancreas. 2010; 39(8): 1205–10.  
PubMed Abstract | Publisher Full Text 

24. Hartwig W, Werner J, Ryschich E, et al.: Cigarette smoke enhances ethanol-
induced pancreatic injury. Pancreas. 2000; 21(3): 272–8.  
PubMed Abstract | Publisher Full Text

25. Ammann RW: Biliary strictures are not the cause of pain in patients with 
chronic pancreatitis. Pancreas. 2005; 30(4): 388; author reply 388–9.  
PubMed Abstract | Publisher Full Text 

26. Ammann R: Endoscopic duct obstruction--is it an alternative to surgery for 
pain relief in chronic pancreatitis? Gastrointest Endosc. 1981; 27(2): 106–7. 
PubMed Abstract | Publisher Full Text 

27. Ludvigsson JF, Montgomery SM, Ekbom A: Risk of pancreatitis in 14,000 

Page 8 of 11

F1000Research 2018, 7(F1000 Faculty Rev):607 Last updated: 17 MAY 2018

https://f1000.com/prime/726197808
http://www.ncbi.nlm.nih.gov/pubmed/26948434
http://dx.doi.org/10.1016/S0140-6736(16)00097-0
https://f1000.com/prime/726197808
http://www.ncbi.nlm.nih.gov/pubmed/25510320
http://dx.doi.org/10.1016/j.disamonth.2014.11.002
http://www.ncbi.nlm.nih.gov/pubmed/3837584
http://www.ncbi.nlm.nih.gov/pubmed/26299411
http://dx.doi.org/10.1053/j.gastro.2015.07.066
https://f1000.com/prime/726078838
http://www.ncbi.nlm.nih.gov/pubmed/26772149
http://dx.doi.org/10.1016/j.cgh.2015.12.040
https://f1000.com/prime/726078838
http://www.ncbi.nlm.nih.gov/pubmed/11179244
http://dx.doi.org/10.1053/gast.2001.22586
http://www.ncbi.nlm.nih.gov/pubmed/25333398
http://dx.doi.org/10.1097/MPA.0000000000000237
http://www.ncbi.nlm.nih.gov/pmc/articles/5434978
http://www.ncbi.nlm.nih.gov/pubmed/1539444
http://dx.doi.org/10.1007/BF01605976
http://www.ncbi.nlm.nih.gov/pubmed/86198
http://www.ncbi.nlm.nih.gov/pubmed/19888199
http://dx.doi.org/10.1038/ajg.2009.630
http://www.ncbi.nlm.nih.gov/pubmed/21525762
http://dx.doi.org/10.1159/000327212
http://www.ncbi.nlm.nih.gov/pmc/articles/3211518
http://www.ncbi.nlm.nih.gov/pubmed/15555009
http://dx.doi.org/10.1111/j.1572-0241.2004.40694.x
https://f1000.com/prime/727388892
http://www.ncbi.nlm.nih.gov/pubmed/28281168
http://dx.doi.org/10.1007/s10620-017-4510-5
http://www.ncbi.nlm.nih.gov/pmc/articles/5478431
https://f1000.com/prime/727388892
http://www.ncbi.nlm.nih.gov/pubmed/4018507
http://dx.doi.org/10.1016/0016-5085(85)90468-8
http://www.ncbi.nlm.nih.gov/pubmed/18765957
http://dx.doi.org/10.1159/000152001
http://www.ncbi.nlm.nih.gov/pmc/articles/2790781
http://www.ncbi.nlm.nih.gov/pubmed/12409838
https://f1000.com/prime/717988248
http://www.ncbi.nlm.nih.gov/pubmed/23143602
http://dx.doi.org/10.1038/ng.2466
http://www.ncbi.nlm.nih.gov/pmc/articles/3510344
https://f1000.com/prime/717988248
http://www.ncbi.nlm.nih.gov/pubmed/10868461
http://dx.doi.org/10.1080/003655200750023840
http://www.ncbi.nlm.nih.gov/pubmed/19896091
http://dx.doi.org/10.1016/j.cgh.2009.08.022
https://f1000.com/prime/1151898
http://www.ncbi.nlm.nih.gov/pubmed/19162029
http://dx.doi.org/10.1053/j.gastro.2008.11.044
https://f1000.com/prime/1151898
http://www.ncbi.nlm.nih.gov/pubmed/19506173
http://dx.doi.org/10.1001/archinternmed.2009.125
https://f1000.com/prime/1162496
http://www.ncbi.nlm.nih.gov/pubmed/19307524
http://dx.doi.org/10.1001/archinternmed.2008.601
https://f1000.com/prime/1162496
http://www.ncbi.nlm.nih.gov/pubmed/20622705
http://dx.doi.org/10.1097/MPA.0b013e3181df27c0
http://www.ncbi.nlm.nih.gov/pubmed/11039472
http://dx.doi.org/10.1097/00006676-200010000-00009
http://www.ncbi.nlm.nih.gov/pubmed/15841055
http://dx.doi.org/10.1097/01.mpa.0000163860.46046.b1
http://www.ncbi.nlm.nih.gov/pubmed/7227784
http://dx.doi.org/10.1016/S0016-5107(81)73159-6


individuals with celiac disease. Clin Gastroenterol Hepatol. 2007; 5(11): 1347–53. 
PubMed Abstract | Publisher Full Text 

28. Sadr-Azodi O, Sanders DS, Murray JA, et al.: Patients with celiac disease have 
an increased risk for pancreatitis. Clin Gastroenterol Hepatol. 2012; 10(10): 
1136–1142.e3.  
PubMed Abstract | Publisher Full Text | Free Full Text 

29. Pitchumoni CS, Chari S: Ulcerative colitis and autoimmune pancreatitis. J Clin 
Gastroenterol. 2013; 47(6): 469.  
PubMed Abstract | Publisher Full Text 

30. Gupte AR, Forsmark CE: Chronic pancreatitis. Curr Opin Gastroenterol. 2014; 
30(5): 500–5.  
PubMed Abstract | Publisher Full Text 

31. Sandanayake NS, Church NI, Chapman MH, et al.: Presentation and management 
of post-treatment relapse in autoimmune pancreatitis/immunoglobulin G4-
associated cholangitis. Clin Gastroenterol Hepatol. 2009; 7(10): 1089–96.  
PubMed Abstract | Publisher Full Text 

32. Raina A, Yadav D, Krasinskas AM, et al.: Evaluation and management of 
autoimmune pancreatitis: experience at a large US center. Am J Gastroenterol. 
2009; 104(9): 2295–306.  
PubMed Abstract | Publisher Full Text 

33. Hart PA, Zen Y, Chari ST: Recent Advances in Autoimmune Pancreatitis. 
Gastroenterology. 2015; 149(1): 39–51.  
PubMed Abstract | Publisher Full Text 

34.  Ghazale A, Chari ST, Zhang L, et al.: Immunoglobulin G4-associated 
cholangitis: clinical profile and response to therapy. Gastroenterology. 2008; 
134(3): 706–15.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

35. Tadenuma H, Ishihara T, Yamaguchi T, et al.: Long-term results of 
extracorporeal shockwave lithotripsy and endoscopic therapy for pancreatic 
stones. Clin Gastroenterol Hepatol. 2005; 3(11): 1128–35.  
PubMed Abstract | Publisher Full Text 

36. Bülow R, Simon P, Thiel R, et al.: Anatomic variants of the pancreatic duct and 
their clinical relevance: an MR-guided study in the general population. Eur 
Radiol. 2014; 24(12): 3142–9.  
PubMed Abstract | Publisher Full Text 

37.  Madzak A, Engjom T, Wathle GK, et al.: Secretin-stimulated MRI assessment 
of exocrine pancreatic function in patients with cystic fibrosis and healthy 
controls. Abdom Radiol (NY). 2017; 42(3): 890–9.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

38. Muniraj T, Aslanian HR, Farrell J, et al.: Chronic pancreatitis, a comprehensive 
review and update. Part II: Diagnosis, complications, and management. Dis 
Mon. 2015; 61(1): 5–37.  
PubMed Abstract | Publisher Full Text 

39. Forsmark CE: Management of chronic pancreatitis. Gastroenterology. 2013; 
144(6): 1282–91.e3.  
PubMed Abstract | Publisher Full Text 

40. Ammann RW, Muellhaupt B: The natural history of pain in alcoholic chronic 
pancreatitis. Gastroenterology. 1999; 116(5): 1132–40.  
PubMed Abstract | Publisher Full Text

41. Fasanella KE, Davis B, Lyons J, et al.: Pain in chronic pancreatitis and 
pancreatic cancer. Gastroenterol Clin North Am. 2007; 36(2): 335–64, ix.  
PubMed Abstract | Publisher Full Text 

42. Ceyhan GO, Demir IE, Rauch U, et al.: Pancreatic neuropathy results in “neural 
remodeling” and altered pancreatic innervation in chronic pancreatitis and 
pancreatic cancer. Am J Gastroenterol. 2009; 104(10): 2555–65.  
PubMed Abstract | Publisher Full Text 

43.  Olesen SS, Bouwense SA, Wilder-Smith OH, et al.: Pregabalin reduces 
pain in patients with chronic pancreatitis in a randomized, controlled trial. 
Gastroenterology. 2011; 141(2): 536–43.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

44. Rustagi T, Njei B: Antioxidant therapy for pain reduction in patients with 
chronic pancreatitis: a systematic review and meta-analysis. Pancreas. 2015; 
44(5): 812–8.  
PubMed Abstract | Publisher Full Text 

45.  Drewes AM, Bouwense SAW, Campbell CM, et al.: Guidelines for the 
understanding and management of pain in chronic pancreatitis. Pancreatology. 
2017; 17(5): 720–31.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

46.  Adler JM, Gardner TB: Endoscopic Therapies for Chronic Pancreatitis. Dig 
Dis Sci. 2017; 62(7): 1729–37.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

47. Dumonceau JM, Delhaye M, Tringali A, et al.: Endoscopic treatment of chronic 
pancreatitis: European Society of Gastrointestinal Endoscopy (ESGE) Clinical 
Guideline. Endoscopy. 2012; 44(8): 784–800.  
PubMed Abstract | Publisher Full Text 

48. Delhaye M, Vandermeeren A, Baize M, et al.: Extracorporeal shock-wave 
lithotripsy of pancreatic calculi. Gastroenterology. 1992; 102(2): 610–20. 
PubMed Abstract | Publisher Full Text 

49.  Tandan M, Reddy DN, Talukdar R, et al.: Long-term clinical outcomes of 

extracorporeal shockwave lithotripsy in painful chronic calcific pancreatitis. 
Gastrointest Endosc. 2013; 78(5): 726–33.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

50. Stevens T, Costanzo A, Lopez R, et al.: Adding triamcinolone to endoscopic 
ultrasound-guided celiac plexus blockade does not reduce pain in patients 
with chronic pancreatitis. Clin Gastroenterol Hepatol. 2012; 10(2): 186–91, 191.e1. 
PubMed Abstract | Publisher Full Text 

51. Dumonceau JM: Endoscopic therapy for chronic pancreatitis. Gastrointest 
Endosc Clin N Am. 2013; 23(4): 821–32.  
PubMed Abstract | Publisher Full Text 

52.  Löhr JM, Dominguez-Munoz E, Rosendahl J, et al.: United European 
Gastroenterology evidence-based guidelines for the diagnosis and therapy 
of chronic pancreatitis (HaPanEU). United European Gastroenterol J. 2017; 5(2): 
153–99.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

53. Ahmed Ali U, Pahlplatz JM, Nealon WH, et al.: Endoscopic or surgical 
intervention for painful obstructive chronic pancreatitis. Cochrane Database 
Syst Rev. 2015; (3): CD007884.  
PubMed Abstract | Publisher Full Text 

54. Jonas WB, Crawford C, Colloca L, et al.: To what extent are surgery and invasive 
procedures effective beyond a placebo response? A systematic review with 
meta-analysis of randomised, sham controlled trials. BMJ Open. 2015; 5(12): 
e009655.  
PubMed Abstract | Publisher Full Text | Free Full Text 

55. Wilcox CM: Exploring the use of the sham design for interventional trials: 
implications for endoscopic research. Gastrointest Endosc. 2008; 67(1): 123–7. 
PubMed Abstract | Publisher Full Text 

56. Wartolowska K, Judge A, Hopewell S, et al.: Use of placebo controls in the 
evaluation of surgery: systematic review. BMJ. 2014; 348: g3253.  
PubMed Abstract | Publisher Full Text | Free Full Text 

57. Rasmussen KG: Sham electroconvulsive therapy studies in depressive illness: 
a review of the literature and consideration of the placebo phenomenon in 
electroconvulsive therapy practice. J ECT. 2009; 25(1): 54–9.  
PubMed Abstract | Publisher Full Text 

58. Moerman DE, Jonas WB: Deconstructing the placebo effect and finding the 
meaning response. Ann Intern Med. 2002; 136(6): 471–6.  
PubMed Abstract | Publisher Full Text 

59. Miller FG: The enduring legacy of sham-controlled trials of internal mammary 
artery ligation. Prog Cardiovasc Dis. 2012; 55(3): 246–50.  
PubMed Abstract | Publisher Full Text 

60. Meissner K, Fässler M, Rücker G, et al.: Differential effectiveness of placebo 
treatments: a systematic review of migraine prophylaxis. JAMA Intern Med. 
2013; 173(21): 1941–51.  
PubMed Abstract | Publisher Full Text 

61. Kaptchuk TJ, Goldman P, Stone DA, et al.: Do medical devices have enhanced 
placebo effects? J Clin Epidemiol. 2000; 53(8): 786–92.  
PubMed Abstract | Publisher Full Text 

62.  Kallmes DF, Comstock BA, Heagerty PJ, et al.: A randomized trial of 
vertebroplasty for osteoporotic spinal fractures. N Engl J Med. 2009; 361(6): 
569–79.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

63. Dumitriu A, Popescu BO: Placebo effects in neurological diseases. J Med Life. 
2010; 3(2): 114–21.  
PubMed Abstract | Publisher Full Text | Free Full Text 

64.  Gu AP, Gu CN, Ahmed AT, et al.: Sham surgical procedures for pain 
intervention result in significant improvements in pain: systematic review and 
meta-analysis. J Clin Epidemiol. 2017; 83: 18–23.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

65. Seza K, Yamaguchi T, Ishihara T, et al.: A long-term controlled trial of 
endoscopic pancreatic stenting for treatment of main pancreatic duct stricture 
in chronic pancreatitis. Hepatogastroenterology. 2011; 58(112): 2128–31. 
PubMed Abstract 

66.  Diener MK, Hüttner FJ, Kieser M, et al.: Partial pancreatoduodenectomy 
versus duodenum-preserving pancreatic head resection in chronic 
pancreatitis: the multicentre, randomised, controlled, double-blind ChroPac 
trial. Lancet. 2017; 390(10099): 1027–37.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

67.  Tillou JD, Tatum JA, Jolissaint JS, et al.: Operative management of chronic 
pancreatitis: A review. Am J Surg. 2017; 214(2): 347–57.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

68. Johnson CD, Arbuckle R, Bonner N, et al.: Qualitative Assessment of the 
Symptoms and Impact of Pancreatic Exocrine Insufficiency (PEI) to Inform the 
Development of a Patient-Reported Outcome (PRO) Instrument. Patient. 2017; 
10(5): 615–28.  
PubMed Abstract | Publisher Full Text | Free Full Text 

69. Ammann RW: Diagnosis and management of chronic pancreatitis: current 
knowledge. Swiss Med Wkly. 2006; 136(11–12): 166–74.  
PubMed Abstract 

70.  Sabater L, Ausania F, Bakker OJ, et al.: Evidence-based Guidelines for the 

Page 9 of 11

F1000Research 2018, 7(F1000 Faculty Rev):607 Last updated: 17 MAY 2018

http://www.ncbi.nlm.nih.gov/pubmed/17702659
http://dx.doi.org/10.1016/j.cgh.2007.06.002
http://www.ncbi.nlm.nih.gov/pubmed/22801059
http://dx.doi.org/10.1016/j.cgh.2012.06.023
http://www.ncbi.nlm.nih.gov/pmc/articles/3494459
http://www.ncbi.nlm.nih.gov/pubmed/23470646
http://dx.doi.org/10.1097/MCG.0b013e31828a7099
http://www.ncbi.nlm.nih.gov/pubmed/25032948
http://dx.doi.org/10.1097/MOG.0000000000000094
http://www.ncbi.nlm.nih.gov/pubmed/19345283
http://dx.doi.org/10.1016/j.cgh.2009.03.021
http://www.ncbi.nlm.nih.gov/pubmed/19532132
http://dx.doi.org/10.1038/ajg.2009.325
http://www.ncbi.nlm.nih.gov/pubmed/25770706
http://dx.doi.org/10.1053/j.gastro.2015.03.010
https://f1000.com/prime/1099450
http://www.ncbi.nlm.nih.gov/pubmed/18222442
http://dx.doi.org/10.1053/j.gastro.2007.12.009
https://f1000.com/prime/1099450
http://www.ncbi.nlm.nih.gov/pubmed/16271345
http://dx.doi.org/10.1016/S1542-3565(05)00530-6
http://www.ncbi.nlm.nih.gov/pubmed/25120204
http://dx.doi.org/10.1007/s00330-014-3359-7
https://f1000.com/prime/733202634
http://www.ncbi.nlm.nih.gov/pubmed/27832324
http://dx.doi.org/10.1007/s00261-016-0972-8
https://f1000.com/prime/733202634
http://www.ncbi.nlm.nih.gov/pubmed/25681098
http://dx.doi.org/10.1016/j.disamonth.2014.12.003
http://www.ncbi.nlm.nih.gov/pubmed/23622138
http://dx.doi.org/10.1053/j.gastro.2013.02.008
http://www.ncbi.nlm.nih.gov/pubmed/10220505
http://dx.doi.org/10.1016/S0016-5085(99)70016-8
http://www.ncbi.nlm.nih.gov/pubmed/17533083
http://dx.doi.org/10.1016/j.gtc.2007.03.011
http://www.ncbi.nlm.nih.gov/pubmed/19568227
http://dx.doi.org/10.1038/ajg.2009.380
https://f1000.com/prime/13151956
http://www.ncbi.nlm.nih.gov/pubmed/21683078
http://dx.doi.org/10.1053/j.gastro.2011.04.003
https://f1000.com/prime/13151956
http://www.ncbi.nlm.nih.gov/pubmed/25882696
http://dx.doi.org/10.1097/MPA.0000000000000327
https://f1000.com/prime/727836679
http://www.ncbi.nlm.nih.gov/pubmed/28734722
http://dx.doi.org/10.1016/j.pan.2017.07.006
https://f1000.com/prime/727836679
https://f1000.com/prime/727409578
http://www.ncbi.nlm.nih.gov/pubmed/28258377
http://dx.doi.org/10.1007/s10620-017-4502-5
https://f1000.com/prime/727409578
http://www.ncbi.nlm.nih.gov/pubmed/22752888
http://dx.doi.org/10.1055/s-0032-1309840
http://www.ncbi.nlm.nih.gov/pubmed/1732129
http://dx.doi.org/10.1016/0016-5085(92)90110-K
https://f1000.com/prime/718050596
http://www.ncbi.nlm.nih.gov/pubmed/23891416
http://dx.doi.org/10.1016/j.gie.2013.05.012
https://f1000.com/prime/718050596
http://www.ncbi.nlm.nih.gov/pubmed/21946121
http://dx.doi.org/10.1016/j.cgh.2011.09.006
http://www.ncbi.nlm.nih.gov/pubmed/24079792
http://dx.doi.org/10.1016/j.giec.2013.06.004
https://f1000.com/prime/727454596
http://www.ncbi.nlm.nih.gov/pubmed/28344786
http://dx.doi.org/10.1177/2050640616684695
http://www.ncbi.nlm.nih.gov/pmc/articles/5349368
https://f1000.com/prime/727454596
http://www.ncbi.nlm.nih.gov/pubmed/25790326
http://dx.doi.org/10.1002/14651858.CD007884.pub3
http://www.ncbi.nlm.nih.gov/pubmed/26656986
http://dx.doi.org/10.1136/bmjopen-2015-009655
http://www.ncbi.nlm.nih.gov/pmc/articles/4679929
http://www.ncbi.nlm.nih.gov/pubmed/18155434
http://dx.doi.org/10.1016/j.gie.2007.09.003
http://www.ncbi.nlm.nih.gov/pubmed/24850821
http://dx.doi.org/10.1136/bmj.g3253
http://www.ncbi.nlm.nih.gov/pmc/articles/4029190
http://www.ncbi.nlm.nih.gov/pubmed/18580816
http://dx.doi.org/10.1097/YCT.0b013e3181719b23
http://www.ncbi.nlm.nih.gov/pubmed/11900500
http://dx.doi.org/10.7326/0003-4819-136-6-200203190-00011
http://www.ncbi.nlm.nih.gov/pubmed/23217427
http://dx.doi.org/10.1016/j.pcad.2012.09.002
http://www.ncbi.nlm.nih.gov/pubmed/24126676
http://dx.doi.org/10.1001/jamainternmed.2013.10391
http://www.ncbi.nlm.nih.gov/pubmed/10942860
http://dx.doi.org/10.1016/S0895-4356(00)00206-7
https://f1000.com/prime/1183958
http://www.ncbi.nlm.nih.gov/pubmed/19657122
http://dx.doi.org/10.1056/NEJMoa0900563
http://www.ncbi.nlm.nih.gov/pmc/articles/2930487
https://f1000.com/prime/1183958
http://www.ncbi.nlm.nih.gov/pubmed/20968195
http://dx.doi.org/10.1016/S1474-4422(02)00038-8
http://www.ncbi.nlm.nih.gov/pmc/articles/3019048
https://f1000.com/prime/727189231
http://www.ncbi.nlm.nih.gov/pubmed/28063914
http://dx.doi.org/10.1016/j.jclinepi.2016.12.010
https://f1000.com/prime/727189231
http://www.ncbi.nlm.nih.gov/pubmed/22234084
https://f1000.com/prime/731119372
http://www.ncbi.nlm.nih.gov/pubmed/28901935
http://dx.doi.org/10.1016/S0140-6736(17)31960-8
https://f1000.com/prime/731119372
https://f1000.com/prime/730225589
http://www.ncbi.nlm.nih.gov/pubmed/28325588
http://dx.doi.org/10.1016/j.amjsurg.2017.03.004
https://f1000.com/prime/730225589
http://www.ncbi.nlm.nih.gov/pubmed/28332032
http://dx.doi.org/10.1007/s40271-017-0233-0
http://www.ncbi.nlm.nih.gov/pmc/articles/5605612
http://www.ncbi.nlm.nih.gov/pubmed/16633964
https://f1000.com/prime/726265804


Management of Exocrine Pancreatic Insufficiency After Pancreatic Surgery. 
Ann Surg. 2016; 264(6): 949–58.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

71. Cunha JE, Penteado S, Jukemura J, et al.: Surgical and interventional treatment 
of chronic pancreatitis. Pancreatology. 2004; 4(6): 540–50.  
PubMed Abstract | Publisher Full Text 

72. Hall TC, Garcea G, Webb MA, et al.: The socio-economic impact of chronic 
pancreatitis: a systematic review. J Eval Clin Pract. 2014; 20(3): 203–7.  
PubMed Abstract | Publisher Full Text 

73. DiMagno EP, Go VL, Summerskill WH: Relations between pancreatic enzyme 
outputs and malabsorption in severe pancreatic insufficiency. N Engl J Med. 
1973; 288(16): 813–5.  
PubMed Abstract | Publisher Full Text 

74. Sikkens EC, Cahen DL, van Eijck C, et al.: Patients with exocrine insufficiency 
due to chronic pancreatitis are undertreated: a Dutch national survey. 
Pancreatology. 2012; 12(1): 71–3.  
PubMed Abstract | Publisher Full Text 

75. Witt H, Apte MV, Keim V, et al.: Chronic pancreatitis: challenges and advances 
in pathogenesis, genetics, diagnosis, and therapy. Gastroenterology. 2007; 
132(4): 1557–73.  
PubMed Abstract | Publisher Full Text 

76. Duggan S, O'Sullivan M, Feehan S, et al.: Nutrition treatment of deficiency and 
malnutrition in chronic pancreatitis: a review. Nutr Clin Pract. 2010; 25(4): 362–70.  
PubMed Abstract | Publisher Full Text 

77. Sikkens EC, Cahen DL, Koch AD, et al.: The prevalence of fat-soluble vitamin 
deficiencies and a decreased bone mass in patients with chronic pancreatitis. 
Pancreatology. 2013; 13(3): 238–42.  
PubMed Abstract | Publisher Full Text 

78. Duggan SN, Smyth ND, Murphy A, et al.: High prevalence of osteoporosis in 
patients with chronic pancreatitis: a systematic review and meta-analysis.  
Clin Gastroenterol Hepatol. 2014; 12(2): 219–28.  
PubMed Abstract | Publisher Full Text 

79. Jacobson DG, Curington C, Connery K, et al.: Trypsin-like immunoreactivity as a 
test for pancreatic insufficiency. N Engl J Med. 1984; 310(20): 1307–9.  
PubMed Abstract | Publisher Full Text 

80. Borgström A, Wehlin L: Correlation between serum concentrations of three 
specific exocrine pancreatic proteins and pancreatic duct morphology at 
ERCP examinations. Scand J Gastroenterol. 1984; 19(2): 220–7.  
PubMed Abstract | Publisher Full Text 

81. Andriulli A, Masoero G, Felder M, et al.: Circulating trypsin-like immunoreactivity 
in chronic pancreatitis. Dig Dis Sci. 1981; 26(6): 532–7.  
PubMed Abstract | Publisher Full Text 

82. Chowdhury RS, Forsmark CE: Review article: Pancreatic function testing. 
Aliment Pharmacol Ther. 2003; 17(6): 733–50.  
PubMed Abstract | Publisher Full Text 

83. Lindkvist B: Diagnosis and treatment of pancreatic exocrine insufficiency. 
World J Gastroenterol. 2013; 19(42): 7258–66.  
PubMed Abstract | Publisher Full Text | Free Full Text 

84. Domínguez-Muñoz JE, Iglesias-García J, Iglesias-Rey M, et al.: Effect of the 
administration schedule on the therapeutic efficacy of oral pancreatic enzyme 
supplements in patients with exocrine pancreatic insufficiency: a randomized, 
three-way crossover study. Aliment Pharmacol Ther. 2005; 21(8): 993–1000. 
PubMed Abstract | Publisher Full Text 

85. ROUSSELOT LM, SANCHEZ-UBEDA R, GIANNELLI S: Choledochoenterostomy 
in chronic relapsing pancreatitis; a study of five cases with prolonged follow-
up observation. N Engl J Med. 1954; 250(7): 268–72.  
PubMed Abstract | Publisher Full Text 

86. Toouli J, Biankin AV, Oliver MR, et al.: Management of pancreatic exocrine 
insufficiency: Australasian Pancreatic Club recommendations. Med J Aust. 
2010; 193(8): 461–7.  
PubMed Abstract 

87. Domínguez-Muñoz JE: Pancreatic exocrine insufficiency: diagnosis and 
treatment. J Gastroenterol Hepatol. 2011; 26 Suppl 2: 12–6.  
PubMed Abstract | Publisher Full Text 

88. Larsen S, Hilsted J, Jakobsen BK, et al.: Insulin-dependent diabetes mellitus 
secondary to chronic pancreatitis is not associated with HLA or the 
occurrence of islet-cell antibodies. J Immunogenet. 1990; 17(3): 189–93. 
PubMed Abstract | Publisher Full Text

89. Ewald N, Hardt PD: Diagnosis and treatment of diabetes mellitus in chronic 
pancreatitis. World J Gastroenterol. 2013; 19(42): 7276–81.  
PubMed Abstract | Publisher Full Text | Free Full Text 

90. Andersen DK, Andren-Sandberg Å, Duell EJ, et al.: Pancreatitis-diabetes-
pancreatic cancer: summary of an NIDDK-NCI workshop. Pancreas. 2013; 42(8): 
1227–37.  
PubMed Abstract | Publisher Full Text | Free Full Text 

91. Anderson PE, Ellis GG Jr, Austin SM: Case report: metolazone-associated 
hypercalcemia and acute pancreatitis. Am J Med Sci. 1991; 302(4): 235–7. 
PubMed Abstract | Publisher Full Text 

92. Knop FK, Vilsbøll T, Larsen S, et al.: Increased postprandial responses of  
GLP-1 and GIP in patients with chronic pancreatitis and steatorrhea following 
pancreatic enzyme substitution. Am J Physiol Endocrinol Metab. 2007; 292(1): 
E324–30.  
PubMed Abstract | Publisher Full Text 

Page 10 of 11

F1000Research 2018, 7(F1000 Faculty Rev):607 Last updated: 17 MAY 2018

http://www.ncbi.nlm.nih.gov/pubmed/27045859
http://dx.doi.org/10.1097/SLA.0000000000001732
https://f1000.com/prime/726265804
http://www.ncbi.nlm.nih.gov/pubmed/15486450
http://dx.doi.org/10.1159/000081560
http://www.ncbi.nlm.nih.gov/pubmed/24661411
http://dx.doi.org/10.1111/jep.12117
http://www.ncbi.nlm.nih.gov/pubmed/4693931
http://dx.doi.org/10.1056/NEJM197304192881603
http://www.ncbi.nlm.nih.gov/pubmed/22487479
http://dx.doi.org/10.1016/j.pan.2011.12.010
http://www.ncbi.nlm.nih.gov/pubmed/17466744
http://dx.doi.org/10.1053/j.gastro.2007.03.001
http://www.ncbi.nlm.nih.gov/pubmed/20702842
http://dx.doi.org/10.1177/0884533610373772
http://www.ncbi.nlm.nih.gov/pubmed/23719594
http://dx.doi.org/10.1016/j.pan.2013.02.008
http://www.ncbi.nlm.nih.gov/pubmed/23856359
http://dx.doi.org/10.1016/j.cgh.2013.06.016
http://www.ncbi.nlm.nih.gov/pubmed/6717495
http://dx.doi.org/10.1056/NEJM198405173102007
http://www.ncbi.nlm.nih.gov/pubmed/6201996
http://dx.doi.org/10.1080/00365521.1984.12005713
http://www.ncbi.nlm.nih.gov/pubmed/7238274
http://dx.doi.org/10.1007/BF01308103
http://www.ncbi.nlm.nih.gov/pubmed/12641496
http://dx.doi.org/10.1046/j.1365-2036.2003.01495.x
http://www.ncbi.nlm.nih.gov/pubmed/24259956
http://dx.doi.org/10.3748/wjg.v19.i42.7258
http://www.ncbi.nlm.nih.gov/pmc/articles/3831207
http://www.ncbi.nlm.nih.gov/pubmed/15813835
http://dx.doi.org/10.1111/j.1365-2036.2005.02390.x
http://www.ncbi.nlm.nih.gov/pubmed/13133065
http://dx.doi.org/10.1056/NEJM195402182500701
http://www.ncbi.nlm.nih.gov/pubmed/20955123
http://www.ncbi.nlm.nih.gov/pubmed/21323992
http://dx.doi.org/10.1111/j.1440-1746.2010.06600.x
http://www.ncbi.nlm.nih.gov/pubmed/2266274
http://dx.doi.org/10.1111/j.1744-313X.1990.tb00871.x
http://www.ncbi.nlm.nih.gov/pubmed/24259958
http://dx.doi.org/10.3748/wjg.v19.i42.7276
http://www.ncbi.nlm.nih.gov/pmc/articles/3831209
http://www.ncbi.nlm.nih.gov/pubmed/24152948
http://dx.doi.org/10.1097/MPA.0b013e3182a9ad9d
http://www.ncbi.nlm.nih.gov/pmc/articles/3878448
http://www.ncbi.nlm.nih.gov/pubmed/1928234
http://dx.doi.org/10.1097/00000441-199110000-00008
http://www.ncbi.nlm.nih.gov/pubmed/16954337
http://dx.doi.org/10.1152/ajpendo.00059.2006


 

Open Peer Review

  Current Referee Status:

Editorial Note on the Review Process
 are commissioned from members of the prestigious   and are edited as aF1000 Faculty Reviews F1000 Faculty

service to readers. In order to make these reviews as comprehensive and accessible as possible, the referees
provide input before publication and only the final, revised version is published. The referees who approved the
final version are listed with their names and affiliations but without their reports on earlier versions (any comments
will already have been addressed in the published version).

The referees who approved this article are:
Version 1

The benefits of publishing with F1000Research:

Your article is published within days, with no editorial bias

You can publish traditional articles, null/negative results, case reports, data notes and more

The peer review process is transparent and collaborative

Your article is indexed in PubMed after passing peer review

Dedicated customer support at every stage

For pre-submission enquiries, contact   research@f1000.com

 Department of Medicine A, University Medicine Greifswald, Greifswald, GermanyMarkus M Lerch
 No competing interests were disclosed.Competing Interests:

1

 Mech-Sense, Centre for Pancreatic Diseases, Department of Gastroenterology andAsbjørn Mohr Drewes
Hepatology, Aalborg University Hospital, Aalborg, Denmark

 No competing interests were disclosed.Competing Interests:

1

Page 11 of 11

F1000Research 2018, 7(F1000 Faculty Rev):607 Last updated: 17 MAY 2018

http://f1000research.com/collections/f1000-faculty-reviews/about-this-channel
http://f1000.com/prime/thefaculty

