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Abstract

This paper reviews the current status of our understanding of the epidemiology, diagnosis, and
management of the continuum of pancreatic diseases from acute and recurrent acute pancreatitis to
chronic pancreatitis and the diseases that are often linked with pancreatitis including diabetes
mellitus and pancreatic cancer. In addition to reviewing the current state of the field, we identify
gaps in knowledge that are necessary to address to improve patient outcomes in these conditions.
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Overview

Chronic pancreatitis (CP) involves progressive inflammatory and fibrotic changes of the
exocrine pancreas resulting in permanent structural damage, which can lead to impairment
of both endocrine and exocrine functions. The epidemiological data on CP is not well
defined due to difficulty in early diagnosis and the variable clinical progression from acute
to CP. However, the current literature points to a rising incidence and prevalence of CP. A
population-based study from Mayo Clinic found increased incidence from 2.94/100,000
during 1977-1986 to 4.35/100,000 during 1997-2006, with a prevalence rate of 41.76 per
100,000 populations in Olmsted County, MN [1]. A retrospective study from 1996 to 2003
in China found the prevalence of CP rose from 3.08 to 13.52 per 100,000 [2]. Two parts of
India have reported a prevalence of 20-125/100,000 persons for tropical CP [3, 4]. Despite
the relatively low prevalence of CP, the disease costs the US healthcare system over 150
million dollars yearly [5].
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While acute pancreatitis (AP) affects both men and women equally, CP is found to be more
common in men [6]. Blacks also have been shown to have a two-to-three-fold greater
prevalence of CP [7].

Clinical manifestations include mid-epigastric abdominal pain with radiation to the back,
worsened with food, and associated with nausea and vomiting. As the disease progresses, the
ongoing loss of pancreatic exocrine function can lead the pancreas to “burn itself out,”
resulting in a decrease or complete resolution of pain [8]; however, this topic remains highly
controversial. Fat malabsorption and steatorrhea can occur due to pancreatic exocrine
dysfunction [9]. Pancreatic endocrine insufficiency can also occur, leading to glucose
intolerance and ultimately diabetes mellitus [10]. Diabetes occurring secondary to exocrine
pancreatic disease is categorized as type 3c diabetes mellitus (T3cDM) [11]. Similar to type
1 diabetes, T3cDM is insulin dependent, but different due to the involvement of a cells,
which impedes glucagon production, increasing the risk of hypoglycemia [9]. Moreover,
T3cDM rarely develop diabetic ketoacidosis because there is not complete loss of beta cell
function [12].

CP has been found to be associated with a nearly 50% mortality rate within 20-25 years of
diagnosis [13, 14] due to factors including infection, malnutrition, and complications from
recurrent pancreatitis. Additionally, CP is the strongest identified risk factor for pancreatic
cancer and increases the risk at least 13.3-fold [6]. Moreover, patients with both CP and
diabetes have a 33-fold increased risk of pancreatic cancer [11].

Given the rise in incidence and prevalence of CP, the potential complications and high
mortality rate, it is imperative that physicians understand the risk factors, disease process,
and management of this disease. Importantly, a better understanding of the mechanism
behind CP is necessary in order to develop therapeutic options to prevent the progression of
CP and the development of T3cDM and pancreatic cancer.

Recurrent Acute Pancreatitis and Chronic Pancreatitis

In 1946, Comfort et al. [15] first proposed the theory that recurrent acute pancreatitis (RAP)
can lead to CP based on their histological findings of AP in patients with CP. However, the
Marseilles Criteria and the revised Marseilles Criteria in the 1980s suggested that AP and
CP are two distinct diseases [16].

Our current literature has trended back to the initial proposal that RAP can lead to CP. Two
studies reported progression from AP to CP varying from 4 to 24% [17, 18]. Yadav et al.
reported progression from AP to CP in 12.8% of patients, and found that RAP was the
strongest predicting factor for a subsequent diagnosis of CP. In this study, alcohol and
tobacco abuse were leading independent predictors for RAP [19]. Furthermore, patients with
hereditary pancreatitis have recurrent episodes of AP that can ultimately lead to CP [20].

The necrosis—fibrosis theory supports the notion of RAP as an etiology of CP [21].
Inflammation and necrosis from repeated episodes of AP lead to scarring and marked
fibrosis with ductal obstruction [15, 22]. Additionally, the Sentinel Acute Pancreatitis Event
(SAPE) Hypothesis theorized that the first episode of AP (sentinel event) sensitizes the
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pancreas to permanent fibrosis and each subsequent pancreatitis episode leads to more
inflammation and fibrosis resulting in loss of glandular structure and function [23].

Environmental Factors Associated with Recurrent and Chronic Pancreatitis

Alcohol

Smoking

Specific risk factors for CP include environmental factors such as alcohol and smoking,
genetics, and obstructive diseases. In some patients, etiologies of CP are never found.

Alcohol is thought to be the leading cause of CP. In the USA, alcohol has been found to be
the etiology in nearly 50% of cases of CP [2]. Following an episode of alcohol-related AP,
the risk of progression to CP was approximately 14% with complete abstinence or
occasional drinking, 23% with decreased but daily drinking daily, and 41% with no change
in drinking [24]. Yadav et al. [25] found the threshold of five drinks or more per day as an
increased risk for CP. Moreover, multiple meta-analyses revealed that increased alcohol
consumption exponentially increased the risk of CP [26-28].

However, a recent study found that moderate alcohol intake (less than 2 drinks per day) was
protective against recurrent acute and CP [29]. This finding was verified in animal models
where ethanol feeding inhibits the activation of nuclear factor-xB, a pro-inflammatory
transcription factor, in the pancreas, and upregulates a protective endoplasmic reticulum
stress response [30-34].

Interestingly, only 3% of alcoholics develop CP, suggesting other risk factors may play a key
role in supplementing alcohol effects in disease progression [35]. Animal models suggest
ethanol increases the risk of pancreatitis in the setting of a second risk factor [30], such as
smoking [29].

Genetics has also been found as a second risk factor in alcoholics. Whitcomb et al. [36]
discovered an association between genetic variants of CLDONZin alcoholic patients. CLDNZ2
is an X-linked gene that encodes the protein Claudin-2, which is highly expressed by
pancreatic acinar cells during stressful conditions, and may contribute to pathologic
inflammation of CP [37].

Smoking and drinking are common co-existing behaviors and synergistically may contribute
to the development of CP. A study of 108 smokers with alcohol-related CP found that
smoking accelerates the progression of pancreatic disease in a dose-dependent fashion,
distinct from the level of alcohol consumption [25].

Smoking has also been found to be an independent risk factor for CP. A meta-analysis
conducted in 2010 found the pooled risk estimates for smoking was 2.5 (95% Cl 1.3-4.6)
after adjusting for alcohol consumption. Smoking increased the risk of CP in a dose-
dependent relationship with a twofold increase in risk of smoking less than one pack per day
and more than threefold increase risk of smoking one or more packs per day [38]. For
former smokers, the relative risk estimate dropped to 1.4 (95% CI 1.1-1.9) [38].
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Furthermore, smoking not only increases the risk for CP, but also increases the risk for
pancreatic cancer with a relative risk of 15.6 (95% CI 7.48-28.7) for smokers compared to
non-smokers [39]. Therefore, smoking cessation may prove an important therapeutic
intervention as it may decrease the risk of both CP and pancreatic cancer.

Genetic Factors

Hereditary pancreatitis (HP) is associated with RAP and CP. The diagnosis of HP is made by
genetic testing but can be supported by clinical and family history. HP was first described in
six family members spanning three generations in 1952 [20]. All family members were
diagnosed with early onset pancreatitis before the third decade of life and had chronic
recurrent pancreatitis. A history of acute recurrent pancreatitis during childhood and family
history of recurrent/CP in two first-degree relatives or in three second-degree relatives
should raise the suspicion for possible HP [40].

Since the first report, more literature has emerged with the identification of multiple genes
implicated in disease development. The first genetic defect was discovered in 1996. A gain-
of-function mutation in the PRSSI gene, which codes for trypsin, was found to cause HP
[41]. Normally, trypsin converts inactive pancreatic zymogens into active digestive enzymes
in the duodenum. However, premature conversion of trypsinogen to trypsin leads to
premature activation of pancreatic zymogens in the pancreas; ultimately, pancreatic
parenchymal damage and pancreatic fibrosis occur leading to RAP/CP. Inheritance occurs as
an autosomal dominant trait with variable expression [42].

CP has also been associated with loss-of-function mutations. The SP/INK1 and CTRC genes
encode for two different proteins that both inhibit trypsin. Thus, loss of SPINKZ and CTRC
can lead to auto-digestion and pancreatitis [43, 44].

Mutations in the cystic fibrosis transmembrane regulator (CFTR) are also associated with
CP. CFTR is critical for the secretory function of the exocrine pancreatic duct cells to
promote the flow of digestive enzymes into the duodenum preventing pancreatitis [45].
Mutations in CFTR have been shown to be associated with CP without pulmonary
manifestations of cystic fibrosis [46]. Interestingly, recent studies have shown that alcohol
abuse inhibits CFTR function supporting a crucial role for ductal function in preventing
pancreatitis [47].

Anatomic and Obstructive Abnormalities

Ductal obstruction secondary to inflammatory strictures or malignancies can lead to chronic
obstructive pancreatitis. Pancreas divisum can lead to RAP and subsequent CP [48]. A
higher frequency of pancreas divisum has been seen in patients with CFTR mutation [49],
suggesting pancreas divisum may be acting synergistically with genetic factors.

Other Factors in Recurrent and Chronic Pancreatitis

Despite many different etiologies for CP, 10-30% patients have no identifiable causative
factor in a bimodal distribution [21, 50, 51]. Possible mechanisms for early and late onset
idiopathic CP include undiagnosed genetic defects and occult alcohol use. A form of
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idiopathic early onset CP is tropical pancreatitis, also known as fibrocalculous pancreatic
diabetes. It is found in tropical regions of the world with the higher prevalence in Southern
India at 20-125/100,000 persons [3, 4].

Mechanisms and Potential of Therapeutics Development

CP occurs as a result of sustained chronic inflammation and fibrosis of the pancreas.
Understanding these processes on a cellular and molecular level is important to create future
therapies in hopes of preventing the progression of RAP to CP.

During episodes of AP, the parenchymal cells (acinar and ductal) cells produce pro-
inflammatory cytokines, which recruit inflammatory cells and lead to further injury and
potential tissue necrosis. The propagation of the acute inflammatory response can lead to
chronic inflammation if there is not appropriate resolution [30, 52-56]. On a molecular
level, pancreatic stellate cells (PaSCs) have been found to have a definite linkage in models
of CP [57-60]. PaSCs are normally present in a “quiescent” state in the exocrine pancreas
surrounding the acinar and ductal structures and providing the basement membrane structure
and organization of the pancreatic epithelium [61]. However, in CP, PaSCs participate in
disease pathogenesis after transforming into an activated or “myofibroblastic” state [61]. In
this myofibroblastic state, PaSCs produce collagen and other extracellular matrix proteins
that lead to fibrosis; moreover, PaSCs secrete cytokines that further promote the
inflammatory process [57, 62].

Tumor growth factor beta (TGF-B) is a cytokine that has been shown to play a key role in
fibrosis development through the activation of PaSCs [57, 59, 63, 64]. Additionally, animal
models propose that the mechanism of disease progression is due to a feed-forward
interaction between the PaSC and a key inflammatory cell, the alternatively activated
macrophage [65]. Alternatively activated macrophages secrete TGF-f, which maintains
PaSCs in the myofibroblastic state, thereby promoting inflammation and fibrosis. In turn,
TGF-B-stimulated PaSCs produce key cytokines such as interleukin (IL)-4 and I1L-13, which
promote the alternatively activated state of the macrophages. This feed-forward promotion is
necessary for inflammation and fibrosis.

Interestingly, a recent paper showed that smoking, through interaction with the aryl
hydrocarbon receptor on T cells, also stimulated PaSCs to promote fibrosis through the
IL-22-pathway [66]. These findings again reveal an important interplay between
inflammatory cells and PaSCs in CP pathogenesis.

This discussion points out that therapies that halt acute inflammation and prevent recurrent
episodes as well as those directed to the PaSC and its interactions with the immune system
will play a central role in preventing and curing chronic pancreatitis.

Diagnosis of Chronic Pancreatitis

The diagnosis of CP is based on a combination of clinical history, risk factors, imaging,
endoscopy, and pancreatic function testing. Currently, the early diagnosis of CP is difficult
due to a lack of sensitive blood, imaging and functional biomarkers.
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In AP, amylase and lipase are typically elevated, whereas in CP, the serum concentrations of
these enzymes are usually normal to mildly elevated due to loss of functional exocrine
pancreatic tissue from pancreatic fibrosis [67]. The white cell count and electrolytes are
usually unremarkable, unless diminished intake, vomiting, or digestive insufficiency has
occurred. Elevations of serum bilirubin and alkaline phosphatase can occur, which suggests
compression of the intrapancreatic portion of the bile duct by edema, fibrosis, or pancreatic
cancer [9].

Circulating biomarkers associated with CP are not well established. Two recent studies have
shown increased level of TGF-B. Other studies have reported increases in matrix
metalloproteinase-9 (MMP-9) [68], tumor necrosis factor-a (TNF-a) [68], and soluble
fractalkine [69]. Interestingly, IL-22 has also shown to be increased in CP patients who are
smokers [66]. Thus, more studies are needed to identify, verify, and validate novel clinical
biomarkers of disease activity to aid in early diagnosis of CP.

Imaging can play a key role in diagnosing CP. Various imaging modalities including
transabdominal ultrasound, endoscopic ultrasound (EUS), computerized tomography (CT)
scan, and magnetic resonance imaging (MRI) can be used to detect morphological changes
in the pancreas. Pancreatic calcifications are pathognomonic for severe CP and are located
exclusively in the ductal system [67]. However, diagnosing CP from imaging alone is
challenging given that morphologic changes may not appear on imaging until later in the
disease. This presents a challenge in diagnosing those with early mild or moderate disease.

Transabdominal ultrasound and CT imaging can be used to detect advanced disease. While
ultrasound is relatively inexpensive and free of radiation, its ability to visualize the pancreas
is poor compared to other imaging modalities. Multiple echogenic foci representing
calcifications are the classic findings seen on ultrasound. These are seen in only up to 40%
of patients [70]. CT imaging has been shown to have sensitivity ranging from 74 to 90% and
a specificity of 80-90% in diagnosing advanced CP [71]. Common findings on CT imaging
include pancreatic ductal dilatation, parenchymal atrophy, and pancreatic calcifications [71].
CT imaging is considered to be the best initial imaging test for CP because of its high
sensitivity and specificity, and its ability to potentially identify other causes of abdominal
pain [72].

Magnetic resonance cholangiopancreatography (MRCP) and MRI have also been used to
diagnose CP and have the advantage of no radiation exposure. Moreover, MRI has the
advantage of detecting both parenchymal and ductal changes [73]. MRI/MRCP can be
combined with hormonal stimulation using intravenous secretin to aid in the diagnosis of
early CP with a sensitivity of 77% and specificity of 83% [72, 74].

EUS has emerged as an important imaging modality to detect early morphologic changes in
CP. It can detect mild parenchymal and ductal changes not seen on CT scan, and can be used
when CT and MR imaging are non-diagnostic [75, 76]. There are nine criteria used in
diagnosing CP with EUS: four parenchymal features including hyperechoic foci,
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hyperechoic strands, lobular contour, and cysts, and five ductal features including main duct
dilatation, duct irregularity, hyperechoic margins, visible side branches, and stones [72].
Currently there is no firmly established number of criteria needed to diagnose CP, but the
sensitivity and specificity increases with increasing number of criteria [77]. One study
showed sensitivity and specificity of 83 and 80%, respectively, when using at least three
criteria [78], and another study showed sensitivity and specificity of 84 and 100%,
respectively, when using at least four EUS criteria [79]. EUS quantitative elastography can
also be used to quantify the degree of fibrosis and help stage the degree of CP. Iglesias et al.
[80-82] found a strain ratio cutoff point of 2.25 to have diagnostic sensitivity and specificity
of 91% for CP and found good correlation with EUS criteria.

One of the greatest limitations in using EUS is the low interobserver agreement. Studies
show good agreement in two features, duct dilatation (x = 0.6) and lobularity (x = 0.51), but
low agreement for the other seven features (x<0.4) [83].

Endoscopic retrograde cholangiopancreatography (ERCP) was considered to be the gold
standard to detect early changes. However, this procedure is invasive, expensive, and time
consuming. In addition, ERCP can only evaluate for ductal changes. Moreover, given the
advent of MRCP and EUS, ERCP has less of a role in diagnosing CP. The most recent
guidelines by the American Society for Gastrointestinal Endoscopy (ASGE) in 2006
recommended reserving the use of ERCP for patients in whom diagnosis is inconclusive
despite pancreatic function testing CT/MRI or EUS [84]. The Cambridge Criteria is used to
diagnose CP by ERCP, which determines normal or equivocal to mild, moderate, or severe
CP based on main duct and side branch abnormalities [85]. Studies evaluating the accuracy
of ERCP findings were compared to histopathology findings in patients with CP, and found
that for patients in the early disease group (normal, equivocal, mild based on the Cambridge
Criteria), ERCP findings correlated with histopathology findings in 67% of patients and
77% in those with moderate and severe disease [86].

Considering this background, there is general consensus that EUS represents the current
most sensitive imaging test based on subsequent histo-pathological examination in surgical
specimens [87-89]. However, the role of EUS in identifying patients with non-calcific CP is
controversial. One study showed EUS has good efficacy in diagnosing early non-calcific CP
with sensitivity and specificity of 90.5 and 85.7%, respectively, when compared to
histopathology using at least four EUS criteria [87]. However, in another study examining
patients with abdominal pain and non-calcific CP requiring total pancreatectomy and islet
auto-transplantation, sensitivity of 61% was found [90]. Another caveat is that both EUS
findings of CP as well as histopathologic features of CP are found in several conditions
without symptomatic clinical presentations. These include age (i.e., over 60 years old) [89,
91], ethanol effects, and lifestyle factors [92-94]. The frequency of EUS detected
abnormalities in patients with no clinical evidence of CP increases with age especially in
those over 60 years [91], and it is unclear whether these findings have clinical significance
[89].
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Thus, the use of EUS for diagnosis has some limitations and should be interpreted in the
clinical context. Furthermore, advances in imaging methods are needed to aid with diagnosis
and management.

Pancreatic Function Testing

The role of pancreatic function testing is limited based on practicality in comparison with
the ease of imaging modalities as previously discussed. However, functional testing can be
considered in cases with equivocal morphological imaging [95].

End-stage CP occurs when more than 90% of exocrine pancreatic function is lost and
ultimately leads to pancreatic exocrine insufficiency (PEI) and steatorrhea [96]. A 72-h
quantitative fecal fat determination can be used to diagnose steatorrhea, though it is not
specific for CP and can be seen in small bowel mucosal disease such as celiac disease,
Crohn’s disease, and bacterial overgrowth [97].

More specific fecal tests for PEI include 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 severe insufficiency, and specificity reported as 93% [98, 99]. While
this test may be good for patients with severe CP, those with early or mild CP have been
found to be less sensitive [100].

PEI can also be diagnosed with serology through the measurement of trypsinogen.
Trypsinogen reflects pancreatic acinar mass, and levels of serum trypsinogen below 20
ng/ml were found to have a high sensitivity for severe PEI [101].

Breath tests have also been developed to evaluate pancreatic exocrine function. Patients
ingest 13C-marked substrates with a test meal, which is then hydrolyzed in the duodenum in
proportion to the amount of pancreatic exocrine function. The hydrolyzed products are
absorbed, metabolized, and will eventually reach the pulmonary endothelium where it is
released with expiration [102]. There are many breath tests that can measure pancreatic
function, but the most sensitive test involves assessing lipase activity as it has been shown to
be the first enzyme impaired in pancreatic insufficiency [103]. There are many different test
meals to assess lipase activity, all centering on a meal with high triglyceride content. The
most investigated is a mixed triglyceride breath test, which found a sensitivity of 89% and
specificity of 81% for diagnosis of pancreatic steatorrhea [104]. While it has good sensitivity
for advanced disease, Loser et al. [105] showed a sensitivity of 46% for mild disease when
compared to the secretin-caerulein test.

Direct testing of pancreatic function by measuring secretions from the exocrine pancreas has
a higher sensitivity for CP when compared to the methods described above. Direct
pancreatic function tests involve direct stimulation of the pancreatic duct and acinar cells
using secretagogues. While this method is more invasive and time consuming compared to
the indirect method, it is more accurate in diagnosing early CP [102]. There are many
different types of direct pancreatic function testing. The Lundh test is considered to be the
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most physiologic, but it is no longer used clinically as the sensitivity was low compared to
hormone-stimulated tests consisting of secretin or cholecystokinin stimulation [106].

While both pancreatic acinar and ductal cells are compromised in severe CP, currently
testing the ductal function with secretin stimulation prevails over testing acinar function with
cholecystokinin stimulation [107]. In a retrospective study performed in 2013, Ketwaroo et
al. [108] examined patients with suspected CP but with normal imaging studies who
underwent secretin pancreatic function testing, and the sensitivity and specificity were found
to be 82 and 86%, respectively. Furthermore, the negative predictive value was found to be
97% [108]. Therefore, in patients with suspected early CP with negative imaging, secretin
pancreatic function testing may be useful in providing evidence supporting the diagnosis.

There are currently no clinically validated and utilized markers of fibrosis and inflammation
in pancreatic fluid although preliminary studies have demonstrated that this fluid can be
used for a variety of measures related to inflammation and fibrosis [109]. In near future, it
may be possible that studies of pancreatic fluid can lead to biomarkers of inflammation and
fibrosis that characterize subsets of patients and response to specific therapeutic
interventions.

Management of Chronic Pancreatitis

Abdominal pain is the most debilitating symptom in patients with CP. Thus, most therapies
are centered on alleviating abdominal pain. Increasing evidence has shown that progressive
development of fibrosis and subsequent loss of normal pancreatic tissue and ductal patency
and secretion, along with chronic inflammation involving intrapancreatic nerves contribute
to pain [110, 111].

Traditional pain management begins with lifestyle changes. Cessation of alcohol abuse and
smoking can prevent disease progression and provide pain relief [112, 113].

Analgesics are a mainstay of treatment. The WHO method can be used as a guide for pain
relief starting with NSAIDs and progressing to strong opioids [114]. Tricyclic
antidepressants such as amitriptyline and nortriptyline can be used with modest efficacy to
reduce neuropathic pain [115]. Pregabalin has been shown to alleviate pain in CP [116, 117].

Pancreatic enzyme replacement therapy (PERT) can also be used to relieve pain, though the
data remain controversial. Those with positive studies used uncoated pancreatic enzymes,
which are not readily available [118, 119] and benefits may be related to placebo effect. A
metaanalysis performed in 1997 showed no significant benefit of PERT to relieve pain [120].
However, PERT has relatively no side effects and is indicated in patients with exocrine
pancreatic insufficiency (EPI) and steatorrhea [121].

Antioxidant therapy is another option for medical management of pain. Braganza et al.
proposed that one of the mechanisms of CP is through increased oxidative stress leading to
damage of pancreatic and acinar cells [122]. Current evidence suggests the decreased levels
of antioxidants in patients with CP may be due to decrease intake and absorption secondary
to pain and malabsorption, respectively [123]. A recent meta-analysis has shown reduction
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in pain symptoms with antioxidants consisting of organic selenium, ascorbic acid, beta-
carotene, alpha-tocopherol, and methionine [123].

In addition, a recent study by Wu et al. [124] found that the use of simvastatin and
atorvastatin were associated with an overall decrease risk in AP. Further subset analysis
found a decrease in risk in patients with chronic alcohol abuse, suggesting the possibility of
using simvastatin to prevent recurrent pancreatitis and subsequently, CP. A clinical trial is
underway to test this possibility entitled “Simvastatin in reducing pancreatitis in patients
with recurrent acute or CP” (Clinical Trials.gov).

If medical therapy fails, more invasive measures of pain management can be utilized.
Endoscopic decompression treatment with sphincterotomy and placement of stents can be
performed in patients found to have obstructive stones or ductal stenosis [125, 126]. In 2002,
Rosch et al. showed in their multicenter long-term study that two-thirds of patients were
found post-procedure to experience long-term pain relief from 2 to 12 years [127]. In a
recent metaanalysis, extracorporeal shock wave lithotripsy (ESWL) can also be used to
relieve pain secondary to obstructive stones [128]. Additionally, EUS-guided celiac nerve
block with steroids or alcohol can be used [129], though only ten percent of patients
achieved pain relief for more than 24 weeks [130].

Surgical options exist when medical and minimally invasive therapies fail [131]. These
procedures include decompression and drainage or resection.

Surgical decompression is reserved for patients with refractory pain with a dilated pancreatic
duct. In 2011, Cahen et al. found that surgical decompression was found to have increased
pain relief with 80% compared to 38% for endoscopic decompression [132], though the
morbidity and mortality do increase with surgical treatments.

Resection is indicated in patients found to have pancreatic cancer or inflammatory mass
causing post-obstructive CP, and in patients with small duct disease where a decompression
procedure would not be helpful [112]. However, adverse effects including endocrine and
exocrine insufficiency can occur. Novel therapies such as islet autotransplantation have been
developed to address endocrine insufficiency [112]. One study has shown success in
preventing diabetes in ten of fourteen patients receiving more than 300,000 islets [133].
Exocrine insufficiency can be managed with PERT and vitamin supplementation.

Complications of Chronic Pancreatitis

CP can lead to other complications such as exocrine and endocrine insufficiencies. Exocrine
insufficiency can occur with advanced disease, which clinically presents with weight loss,
malabsorption, and steatorrhea. PERT and vitamin supplementation are the mainstays of
treatment. Moreover, an adequate amount of calories should be taken each day to ensure
weight gain [134]. If symptoms persist, median-chain triglycerides (MCT) can be used as
they are directly absorbed by the intestinal mucosa even in the absence of lipase or bile salts
[134].
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Endocrine insufficiency can also occur secondary to islet cell destruction, which can
ultimately lead to type 3c diabetes (T3cDM). T3cDM is generally managed in a similar
fashion to type 2 diabetes with the initial use of metformin, but most patients with T3cDM
will ultimately be insulin dependent [12, 113]. Additionally, type 3c diabetics are more
prone to hypoglycemic episodes because glucagon secretion is altered [12]. Therefore,
patients need to be educated on signs and symptoms of hypoglycemia and be prepared for
management of acute hypoglycemic episodes.

Pseudocysts can form when fibrosis worsens. 39% of pseudocysts resolve spontaneously in
patients with CP [135]. Pseudocysts, when large enough, can cause severe pain, infection,
vascular compression, bleeding, or biliary stenosis. All of these findings are indications for
endoscopic drainage. Surgery is indicated when endoscopic drainage fails or with large,
multiple cysts [113].

Conclusion

This review has emphasized the current diagnostic and treatment modalities and the current
diagnostic challenges we face with CP. An overall goal for the field should focus on the
identification of disease pathogenesis and mechanisms of disease progression. The approach
must be multidisciplinary and include the following types of information gathering:

1 Investigate genetic and lifestyle factors associated with disease progression,
especially those with “idiopathic” CP.

2. Identify and validate novel biomarkers and imaging methods to facilitate early
diagnosis and personalized treatment of recurring pancreatitis and CP with
considerations into specific immune makers and enhanced measurements of
fibrosis to personalize therapy for distinct subtype of patients.

3. Develop novel, accurate and convenient tests to diagnose exocrine pancreatic
insufficiency and monitor treatment response.

4. Disseminate educational materials for use by medical practitioners to advise
patients about life style changes needed to improve outcome.

5. Determine the mechanism(s) of Type 3c diabetes and identify its distinction from
other forms of diabetes.

6. Determine the risk and prevalence of Type 3c diabetes along with its mechanism
and optimal treatment strategies.

7. Investigate new interventions for CP-related pain, including pharmacologic and
non-pharmacologic therapies such as cognitive behavioral therapy.

8. Develop therapeutics based on mechanisms of disease pathogenesis for the
prevention and treatment of CP.

9. Develop clinical trial methods and outcome measures for testing new
therapeutics.
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