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Preface

The book “Pancreatitis” is devoted to the actual and, in some cases, controversial 
and unresolved problems associated with acute and chronic pancreatitis. Acute 
pancreatitis is one of the most common causes of acute abdomen. Along with an 
increase in the number of patients with acute pancreatitis in recent years, there has 
been an increase in the incidence of its destructive forms. Despite the progress in 
improving the diagnostics of the disease, pathogenetically substantiated intensive 
therapy, antibiotic therapy, and minimally invasive surgical treatment, mortality 
in acute pancreatitis has remained at the same level over the past few decades. The 
most important objective in improving treatment results in acute pancreatitis is the 
use of standardized approaches to diagnostics and treatment of various forms of the 
disease and its complications, taking into account the modern, generally accepted 
international classification. Chronic pancreatitis is characterized by inflammation 
of the pancreas, which is replaced by fibrosis and progressing pancreatic tissue 
destruction. The three main clinical signs of chronic pancreatitis are pain, maldiges-
tion, and diabetes. Although the disease is still difficult to treat, the development of 
new approaches has reduced the severity of clinical manifestations and improved 
the life quality of patients with chronic pancreatitis. This book will be of interest to 
anyone who considers pancreatology their specialty.

Dmitry Victorovich Garbuzenko
Professor,

Department of Faculty Surgery,
South Ural State Medical University,

Chelyabinsk, Russia
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Chapter 1

Introductory Chapter: Current 
Challenges in the Management of 
Patients with Acute and Chronic 
Pancreatitis
Dmitry Garbuzenko

1. Introduction

As part of medical science, pancreatology reflects the level of technological 
progress and modern achievements in the natural sciences. Over the past five 
centuries, since A. Vesalius first described the pancreas and its topography, tremen-
dous work has been done to determine the physiological role of the pancreas in the 
process of digestion, to study the causes and patterns characteristic of pancreatic 
diseases, and to find the ways of treatment. In this regard, the current challenges in 
modern pancreatology include the development and implementation of methods 
for early and accurate diagnosis and selection of the optimal tactics for treating 
patients with acute and chronic pancreatitis.

2. Acute pancreatitis

Acute pancreatitis is an acute surgical disease of the pancreas, which consists 
of primary edema or aseptic necrosis of pancreatic parenchyma with the possible 
infection of the pancreas and retroperitoneal tissue. Acute pancreatitis is one of 
the most common causes of acute abdomen, ranking third after acute appendicitis 
and acute cholecystitis. Along with an increase in the number of patients with acute 
pancreatitis in recent years, there has been a tendency to an increase in the inci-
dence of its destructive forms [1].

Despite the progress achieved in improving the diagnostics of acute pancreatitis, 
pathogenetically substantiated intensive therapy, antibiotic therapy, and minimally 
invasive surgical treatment, mortality in acute pancreatitis has remained at the 
same level over the past decades. Moreover, while the overall mortality is within 
3–6%, depending on the fluctuation of destructive pancreatitis incidence, the mor-
tality rate is 15–30% in pancreatic necrosis, is 85% in infected pancreatic necrosis, 
and reaches 100% in fulminant acute pancreatitis [2].

Currently, the immediate prescription of antibiotics in severe forms of acute 
pancreatitis is no longer debatable. However, there are still different opinions on 
the effectiveness of existing methods of delivering antibacterial drugs to the site of 
pancreatic destruction. The situation is aggravated by the increasing polyresistance 
of microorganisms to most antimicrobial chemotherapeutic agents [3]. According 
to modern conception, immune disorders are considered as a factor that largely 
determines the course of acute pancreatitis, helps maintain the inflammatory 
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process, and reduces the effectiveness of reparative mechanisms [4]. In this regard, 
an urgent problem is the early prevention of infection in severe pancreatitis, timely 
detection and correction of immunological deficiency, and timely diagnosis and 
treatment of septic complications including systemic inflammatory response, 
multiple organ failure, and sepsis [5].

At present, some certainty has been achieved in approaches to the manage-
ment of patients with acute pancreatitis. Nevertheless, one of the most important 
problems is to choose the tactics of surgical treatment. Mild pancreatitis does not 
require surgery and quickly disappears after using standard conservative treatment 
and eliminating the etiological factor. However, in 10–20% of patients, surgeons 
encounter severe pancreatic necrosis, which is essentially a hypermetabolic syn-
drome of multiple organ failure. While the questions about the indications and the 
most favorable time period for surgical treatment are mostly answered in severe 
pancreatitis, it is still not obvious what the most appropriate techniques and type of 
surgery are. Along with experience in minimally invasive interventions, it becomes 
clear that their active implementation does not solve all the problems of acute 
pancreatitis treatment and requires further research [6].

Thus, the most important objective in improving treatment results in acute 
pancreatitis is the use of standardized approaches to diagnostics and treatment of 
various forms of the disease and its complications, taking into account the modern 
generally accepted international classification [7].

3. Chronic pancreatitis

Chronic pancreatitis is characterized by inflammation of the pancreas, which 
is replaced by fibrosis and progressing pancreatic tissue destruction. According to 
the M-ANNHEIM classification, the following etiological causes are involved in the 
pathogenesis of chronic pancreatitis: alcohol consumption, nicotine consumption, 
nutrition factors, hereditary factors, efferent duct factors, immunological risk 
factors, and miscellaneous (tropical chronic pancreatitis, primary hypercalcemia, 
hyperparathyroidism, hyperlipidemia) [8]. Clinically, at an early stage of the 
disease, abdominal pain or recurrent episodes of acute pancreatitis usually prevail, 
whereas, at a late stage, symptoms are associated with exocrine and/or endocrine 
insufficiency. Consequently, the three main clinical signs of chronic pancreatitis 
are pain, maldigestion, and diabetes. The incidence is estimated at 2–10/100000 
and tends to increase [9]. In addition, there are many patients with characteristic 
symptoms but with undiagnosed chronic pancreatitis.

Chronic pancreatitis is not only an urgent medical problem but also a signifi-
cant economic burden that has a profound effect on social life and the structure 
of employment [10]. In the United States in 2000, there were 327,000 hospital-
izations and 532,000 visits to doctors due to chronic pancreatitis, which cost 
$2.5 billion [11].

Diagnostics and follow-up of patients with chronic pancreatitis are based 
on both the clinical picture and imaging methods, and the diagnosis of chronic 
pancreatitis at an early stage is a clinical problem. Historically, diagnostic methods 
included ultrasound imaging of the abdominal organs, endoscopic ultrasound 
(EUS), ultrasound with contrast enhancement (CEUS), endoscopic retrograde 
cholangiopancreatography (ERCP), magnetic resonance imaging (MRI), and 
computed tomography (CT). While ultrasound is considered the least accurate, 
and EUS is one of the most sensitive methods [12], ERCP is no longer a diagnostic 
test for chronic pancreatitis [13]. EUS is highly accurate in assessing the paren-
chyma and ductal system of the pancreas and is also very useful in identifying 
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complication characteristic of chronic pancreatitis [14]. CEUS helps diagnose cystic 
and solid lesions of the pancreas, which are associated with chronic pancreatitis. It 
was convincing in 90% of cases, so it may be considered as a first-line method of 
visualization [15]. MRI makes it possible to accurately determine the morphological 
and functional changes of the pancreas and is a recognized method for detecting 
calculi in pancreatic ducts [16]. At the same time, the calcinates may be determined 
by means of portal-phase contrast-enhanced CT with moderate sensitivity and very 
high specificity (close to 100%) [17].

The degree of exocrine and endocrine pancreatic insufficiency is also important 
to determine when diagnosing chronic pancreatitis. The so-called direct or invasive 
methods for detecting exocrine insufficiency, such as the Lund test, are a thing 
of the past. Currently, the “gold standard” is 3-day fecal fat quantification and 
determination of the coefficient of fat absorption. Due to the cumbersomeness and 
unpleasantness of the method for both patient and laboratory personnel, it is very 
rarely used in everyday clinical practice. Other methods for diagnosing exocrine 
pancreatic insufficiency include measuring the concentration of fecal elastase 1, the 
13C-mixed triglycerides (13C-MTG) breath test, a test based on analysis of pancre-
atic juice after secretin/cerulein stimulation, and others [18].

In the absence of complications, the main goal of treating chronic pancreatitis 
is the effective correction of its main manifestations: pain, maldigestion, and 
diabetes. Abdominal pain is usually severe and often occurs after a meal, which, 
despite adequate enzyme replacement therapy, leads to malnutrition. Although 
pain may be associated with strictures and stones in the main pancreatic duct, 
new investigations have questioned the importance of micro- and macrostruc-
tural pathological changes. Currently, the neurogenic causes of pain are widely 
discussed, which should be taken into account when choosing the method of pain 
relief for patients [19]. Malnutrition that is related to a lack of enzymes leads 
not only to weight loss but also to a certain deficiency of vitamins and nutrients 
that are necessary for normal physiological functioning. Malnutrition in chronic 
pancreatitis is often overlooked. It is very important that gastroenterologists 
consider this fact while making a differential diagnosis in patients with weight 
loss [20]. Diabetes of the exocrine pancreas is a form of diabetes that occurs due 
to pancreatic disease. It is more common than previously thought. A recent study 
found that in 1.8% of adults with diabetes, it should be classified as diabetes of 
the exocrine pancreas. However, in most cases, it is referred to as type 2 diabetes. 
Patients with diabetes of the exocrine pancreas have varying degrees of exocrine 
and endocrine dysfunction. Damage to the islets of Langerhans affects the secre-
tion of hormones by the pancreatic polypeptide, β-, and α-cells. Polypeptides 
and a low concentration of insulin and glucagon promote sharp fluctuations in 
the glucose level. This form of “fragile diabetes” in patients with diabetes of the 
exocrine pancreas may lead to worse glycemic control in comparison with type 2 
diabetes [21].

If conservative therapy is not effective, it is possible to apply the endoscopic 
treatment, conduction anesthesia or neurolysis, or surgical techniques. Endoscopic 
methods are usually required for the elimination of the main pancreatic duct 
obstruction caused by a stricture or stone. In addition, endoscopy is the first-choice 
treatment of pancreatic pseudocysts [22]. Celiac plexus block is useful for elimi-
nating pain. It is performed via a gastric approach using EUS guidance and has 
high success rates and relatively low complication rates [23]. Surgical treatment of 
chronic pancreatitis is aimed primarily at relieving pain, improving the patient’s 
quality of life, and treating complications. Surgical operations include decompres-
sion (drainage) of the main pancreatic duct, various types of pancreatic resections, 
their combination, and neuroablation [24].
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In recent years, important advances have been made in understanding the patho-
genesis of chronic pancreatitis. Although the disease is still difficult to treat, the 
development of new approaches has reduced the severity of clinical manifestations 
and improved the life quality of patients with chronic pancreatitis.
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In recent years, important advances have been made in understanding the patho-
genesis of chronic pancreatitis. Although the disease is still difficult to treat, the 
development of new approaches has reduced the severity of clinical manifestations 
and improved the life quality of patients with chronic pancreatitis.
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Pancreatic Fluid Collections: An 
Update
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Abstract

Pancreatic fluid collections (PFCs) are a frequent complication of acute 
pancreatitis. PFCs have been categorized according to their content and duration 
after an episode of pancreatitis. Acute collections (<4 week) and asymptomatic 
late collections (>4 weeks) can be usually managed conservatively. Late collec-
tions including walled off necrosis (WON) and pancreatic pseudocysts (PP) have 
a well-defined wall. Consequently, it is easier and safer to drain these collections 
when required. The most common indication to drain PFCs is infection and the 
available means of drainage include surgical, endoscopic, and percutaneous. Open 
surgical interventions carry a high risk of morbidity and mortality. Therefore, 
in the current era, a step up approach is preferred to minimize morbidity over 
the more aggressive surgical treatments. Endoscopic step-up approach is effec-
tive and favored over minimally invasive surgical or percutaneous drainage due 
to reduced risk of organ failure and external pancreatic fistula. However, the 
approach to PFCs should be individualized for optimal outcomes. A small sub-
group of patients does not respond to endotherapy or percutaneous interventions 
and requires open surgical debridement. Similarly, not all PFCs are amenable 
to endoscopic drainage and demand alternative modalities like percutaneous or 
minimally invasive surgical drainage.

Keywords: pancreatitis, pseudocyst, walled off necrosis, drainage, endoscopy

1. Introduction

Acute pancreatitis is mild in majority of the cases and categorized as interstitial 
edematous pancreatitis. About 15–20% of cases develop necrotizing pancreatitis 
involving necrosis of variable proportion of pancreatic parenchyma. Pancreatic 
fluid collections (PFCs) are a common local complication of acute pancreatitis. 
PFCs have been classified according to the revised Atlanta criteria based on dura-
tion (<4 or >4 weeks) and contents of fluid collection [1]. Acute collections include 
acute pancreatic or peri-pancreatic fluid collections (APFCs) and acute necrotic 
pancreatic fluid collections (ANPFCs) which develop after acute interstitial and 
acute necrotizing pancreatitis, respectively (Figure 1). APFCs and ANPFCs get 
walled off after about 4–6 weeks into pseudocysts and walled off necrosis (WON), 
respectively. By definition, pseudocysts have clear contents and WON consists of 
variable amount of necrotic debris (Figures 2 and 3).
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1. Introduction

Acute pancreatitis is mild in majority of the cases and categorized as interstitial 
edematous pancreatitis. About 15–20% of cases develop necrotizing pancreatitis 
involving necrosis of variable proportion of pancreatic parenchyma. Pancreatic 
fluid collections (PFCs) are a common local complication of acute pancreatitis. 
PFCs have been classified according to the revised Atlanta criteria based on dura-
tion (<4 or >4 weeks) and contents of fluid collection [1]. Acute collections include 
acute pancreatic or peri-pancreatic fluid collections (APFCs) and acute necrotic 
pancreatic fluid collections (ANPFCs) which develop after acute interstitial and 
acute necrotizing pancreatitis, respectively (Figure 1). APFCs and ANPFCs get 
walled off after about 4–6 weeks into pseudocysts and walled off necrosis (WON), 
respectively. By definition, pseudocysts have clear contents and WON consists of 
variable amount of necrotic debris (Figures 2 and 3).
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Figure 3. 
Endosonographic image in a case with walled off necrosis. Not the well-defined boundaries with echogenic 
necrotic debris in the cyst cavity.

Figure 1. 
Endosonographic image of acute necrotic pancreatic fluid collections. Note the ill-defined boundaries and the 
solid component within the fluid collection.

Figure 2. 
Endosonographic image in a case with pancreatic pseudocyst. Not the well-defined boundaries without any 
echogenic debris in the cyst cavity.
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1.1 Natural history of pancreatic fluid collections

APFCs develop in about 20–40% of patients after acute interstitial pancreatitis 
[2–4]. Majority (~90%) of APFCs resolve and do not transform into pseudocyst. 
Moreover, majority of the pseudocysts resolve or reduce in size with time and there-
fore, do not require an intervention [4]. On the other hand, majority (90–100%) 
of the patients with acute necrotizing pancreatitis develop ANPFCs. Nearly half of 
the patients with ANPFCs develop walled off necrosis (WON) [2, 3]. The natural 
history of WON is not well known and appears to be more unpredictable than 
pseudocysts. An intervention may be required in one quarter to more than half of 
the patients with WON [2, 3].

2. Management of pancreatic fluid collections

The options of drainage for PFCs include surgery, percutaneous catheter drain-
age, and endoscopic transmural drainage (ETD). Open necrosectomy is associated 
with substantial rates of new onset multiple organ failure as compared to minimally 
invasive surgical step up approach (see later) [5]. Subsequent studies comparing 
endoscopic necrosectomy to open as well as minimally invasive surgical debride-
ment concluded the superiority of endoscopic approach [6, 7]. Reduced mortality, 
less frequent new onset multiple organ failure, and the development of pancreatic 
fistulas are distinct advantages of endoscopic necrosectomy [8, 9]. In the current 
era, a step up approach is preferred for its obvious benefits in reducing a pro-
inflammatory response and prevention of new onset organ failure. In the ensuing 
sections, we would discuss endoscopic approach to PFCs and its advantages over 
surgical and percutaneous drainages.

2.1 Endoscopic drainage of PFCs

Characterization of PFCs into pseudocysts and WON is important prior to 
ETD. WON has variable amount of necrotic debris and therefore, has a protracted 
course and more frequent requirement of re-interventions as compared to pseudo-
cysts (Figures 2 and 3). Computed tomography is frequently used to localize the site 
of collection. However, it may not accurately differentiate between the solid and liq-
uid contents of the collection (Figures 4 and 5). Magnetic resonance imaging (MRI) 

Figure 4. 
CT image in a case of pancreatic pseudocyst. Note the well-defined boundary and clear contents of the cyst.
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and endoscopic ultrasound (EUS) are better imaging modalities for qualitative assess-
ment of PFCs. We perform both CECT and EUS to define the anatomical relation of 
PFCs to the lumen and characterize them into pseudocyst or WON, respectively.

The technique of endoscopic drainage of PFCs involves the following steps: 
puncture of the cysto-gastric or cysto-duodenal wall using a 19 gauge needle 
and aspiration of cyst contents, coiling of guidewire within the cyst cavity under 
fluoroscopy guidance, dilatation of the tract using cystotome and balloon and 
deployment of plastic or metal endoprostheses. EUS guided drainage is preferred to 
endoscopic approach as intervening vessels can be avoided and non-bulging collec-
tions can be targeted under vision [10].

The success rate of ETD with or without endoscopic necrosectomy ranges from 
80 to 95% in recent studies [11–19] (Table 1). The outcomes of ETD of PFCs is 
variable in literature presumably due to heterogeneity in the nature of collection, 
that is, pseudocyst or WON, type of stent used, and whether necrosectomy is 
performed or not [20]. In addition, the presence of disconnected pancreatic duct 
(DPD) may impact the outcomes of ETD. The requirement of hybrid treatment, 
re-interventions, recurrences, and rescue surgery appear to be higher in the patients 
with DPD [21].

ETD of PFCs is safe, and major complications are uncommon. Complications 
related to ETD occur in 10–40% of patients with WON [22]. Supra-infection 
of the cyst cavity is the most common significant complication associated with 
ETD. Occlusion of the stent with necrotic debris and inadequate drainage may lead 
to sepsis. In such situations, de-clogging of the metal stent, cyst lavage with saline 
or diluted hydrogen peroxide and direct endoscopic necrosectomy (DEN) are often 
helpful. Other complications associated with ETD include bleeding and perforation. 
Recent studies have drawn attention towards the relatively high incidence of bleeding 
especially with the use of large caliber metal stents (LCMS) [23–25]. Since, majority of 
the bleeding episodes occurred ≥3 weeks after the deployment of LCMS, the current 
trend is to remove LCMS between 2 and 3 weeks in cases of resolution of PFC [24].

2.2 Endoscopic transmural drainage: choice of stents

Endoscopic drainage of PFCs can be performed using pigtail plastic stents or 
metal stents. Plastic stents have been effectively used for the drainage of PFCs for 

Figure 5. 
CT image in a case of walled off necrosis replacing almost entire pancreas. Note that the necrotic contents of the 
cyst cavity are not obvious in CT image.
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and endoscopic ultrasound (EUS) are better imaging modalities for qualitative assess-
ment of PFCs. We perform both CECT and EUS to define the anatomical relation of 
PFCs to the lumen and characterize them into pseudocyst or WON, respectively.

The technique of endoscopic drainage of PFCs involves the following steps: 
puncture of the cysto-gastric or cysto-duodenal wall using a 19 gauge needle 
and aspiration of cyst contents, coiling of guidewire within the cyst cavity under 
fluoroscopy guidance, dilatation of the tract using cystotome and balloon and 
deployment of plastic or metal endoprostheses. EUS guided drainage is preferred to 
endoscopic approach as intervening vessels can be avoided and non-bulging collec-
tions can be targeted under vision [10].

The success rate of ETD with or without endoscopic necrosectomy ranges from 
80 to 95% in recent studies [11–19] (Table 1). The outcomes of ETD of PFCs is 
variable in literature presumably due to heterogeneity in the nature of collection, 
that is, pseudocyst or WON, type of stent used, and whether necrosectomy is 
performed or not [20]. In addition, the presence of disconnected pancreatic duct 
(DPD) may impact the outcomes of ETD. The requirement of hybrid treatment, 
re-interventions, recurrences, and rescue surgery appear to be higher in the patients 
with DPD [21].

ETD of PFCs is safe, and major complications are uncommon. Complications 
related to ETD occur in 10–40% of patients with WON [22]. Supra-infection 
of the cyst cavity is the most common significant complication associated with 
ETD. Occlusion of the stent with necrotic debris and inadequate drainage may lead 
to sepsis. In such situations, de-clogging of the metal stent, cyst lavage with saline 
or diluted hydrogen peroxide and direct endoscopic necrosectomy (DEN) are often 
helpful. Other complications associated with ETD include bleeding and perforation. 
Recent studies have drawn attention towards the relatively high incidence of bleeding 
especially with the use of large caliber metal stents (LCMS) [23–25]. Since, majority of 
the bleeding episodes occurred ≥3 weeks after the deployment of LCMS, the current 
trend is to remove LCMS between 2 and 3 weeks in cases of resolution of PFC [24].

2.2 Endoscopic transmural drainage: choice of stents

Endoscopic drainage of PFCs can be performed using pigtail plastic stents or 
metal stents. Plastic stents have been effectively used for the drainage of PFCs for 

Figure 5. 
CT image in a case of walled off necrosis replacing almost entire pancreas. Note that the necrotic contents of the 
cyst cavity are not obvious in CT image.
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several decades now. The proposed advantages of plastic over metal stents include 
lower cost, less risk of delayed bleeding, and ability to keep them for long term 
in cases with DPD. On the other hand, metal stents have wider lumen, allowing 
efficient drainage of the necrotic material and endoscopic necrosectomy when 
required. Conventional fully covered metal stents used initially were suboptimal 
due to their longer lengths and lack of lumen apposing properties. The development 
of novel LCMS has widened the therapeutic armamentarium for ETD of PFCs. 
Newly developed LCMS have either lumen apposing (AXIOS, Xlumena, Mountain 
View, CA, United States and Niti-S SPAXUS, TaeWoong Medical Co., Ltd., Ilsan, 
South Korea) properties or flared ends (NAGI, Taewoong Medical Co, Ilsan, South 
Korea) to prevent stent migration [10]. As compared to the conventional metal 
stents, the use of LCMS is associated with superior outcomes in terms of number 
of procedures required for the resolution of WON [26]. Similarly, better clinical 
outcomes and reduced requirement of endoscopic necrosectomy have been found 
with the use of metal stents as compared to plastic stents in several studies [27–30]. 
In a large, multicenter study including 189 patients with WON, the use of LCMS 
was associated with higher clinical success (80.4 vs. 57.5%), shorter procedure time, 
lower need for surgery (5.1 vs. 16.1%), and lower rate of recurrence as compared 
to plastic stents [31]. However, the superiority of LCMS is not uniform across the 
published studies. In a randomized trial, there was no significant difference in the 
treatment outcomes including the total number of procedures performed, treat-
ment success, and readmissions between LCMS and plastic stent groups in patients 
with WON [24]. In addition, the treatment cost (LCMS: US$12155 vs. plastic stents: 
US$6609) and stent related adverse events were higher in the LCMS group (32.3 vs. 
6.9%, p = 0.01) [24]. Several systematic reviews and meta-analyses draw conflict-
ing conclusions while comparing plastic stents vs. metal stents for ETD of PFCs 
[32–37]. In three of the published systematic reviews and meta-analyses, metal 
stents were found superior to plastic stents for both pseudocysts as well as WON in 
terms of clinical success and adverse events [34, 36, 32]. On the contrary, two other 
systematic reviews and meta-analyses did not find a difference in the outcomes 
between metal or plastic stents [33, 37]. It must be emphasized that the paucity of 
randomized trials is the major limitations of these reviews.

The current trend is to use metal stents for WON with significant debris. These 
cases may require more frequent re-interventions including endoscopic necro-
sectomy for which LCMS are ideal. Whereas, plastic stents are an cost effective 
alternative in pseudocysts or WON with minimal necrotic contents. Randomized 
trials are warranted before concluding the superiority of metal stents for the 
management of PFCs.

2.3 Endoscopic necrosectomy

Endoscopic necrosectomy essentially comprises of endoscopic debridement of 
necrotic debris within the cyst cavity using a variety of methods including DEN and 
naso-cystic lavage with saline and or diluted hydrogen peroxide (3%, 1:10 dilution). 
DEN involves the passage of endoscope within the cyst cavity followed by mechani-
cal removal of necrotic tissue using forceps, polypectomy snares, and retrieval nets 
[38]. With the availability of LCMS (≥15 mm), multiple sessions of DEN can be 
performed with relative ease. However, there is no dedicated device or accessory 
for DEN and therefore, the process is cumbersome and time consuming. Recent 
development of new devices to facilitate endoscopic debridement is likely to make 
DEN less cumbersome and more efficacious [39, 40].

DEN is safe and effective in about 80–90% of patients with WON. However, 
DEN may be associated with substantial complications. In a systematic review, the 
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overall rate of adverse events and mortality associated with endoscopic necrosec-
tomy were 22% and 5%, respectively. The complications reported with DEN include 
air embolism (0.4%), bleeding (11%), and perforation (3%) [41]. Therefore, DEN 
is usually performed in cases with no improvement after ETD alone.

Our group re-defined the endoscopic step-up approach in patients with 
WON. This approach includes cyst cavity lavage using nasocystic catheter and 
de-clogging of the metal stent as intermediate steps after transmural placement 
of metal stent and before proceeding to endoscopic necrosectomy [14]. With this 
approach, endoscopic necrosectomy can be avoided in the vast majority of patients 
with WON.

2.4 Step-up approach for walled of necrosis

Open surgery is associated with a high morbidity and mortality in patients with 
WON. Consequently, minimally invasive surgical or endoscopic approaches have 
virtually replaced open necrosectomy in these patients [6]. The available evidence 
favors a step-up approach over the conventional techniques [7, 42–44]. In general, 
minimally invasive surgical step-up approach consists of percutaneous drainage 
followed by (if necessary) video assisted retroperitoneal debridement (VARD). 
Whereas, endoscopic step up approach includes ETD followed by (if necessary) 
endoscopic necrosectomy. Percutaneous catheter drainage can be used as an adjunct 
to ETD in cases with incomplete response or large collections with extension into 
paracolic gutter (Figure 6).

Several trials have compared endoscopic versus minimally invasive surgical 
methods of drainage in cases with WON [7, 45]. In a randomized trial by the Dutch 
Pancreatitis Study Group, there was no difference in the incidence of major compli-
cations or mortality between the endoscopic or minimally invasive surgical step-up 
approach (endoscopy: 43% vs. surgery: 45%, p = 0.88) [7]. However, the rate of 

Figure 6. 
Large pancreatic fluid collection extending into pelvis.
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several decades now. The proposed advantages of plastic over metal stents include 
lower cost, less risk of delayed bleeding, and ability to keep them for long term 
in cases with DPD. On the other hand, metal stents have wider lumen, allowing 
efficient drainage of the necrotic material and endoscopic necrosectomy when 
required. Conventional fully covered metal stents used initially were suboptimal 
due to their longer lengths and lack of lumen apposing properties. The development 
of novel LCMS has widened the therapeutic armamentarium for ETD of PFCs. 
Newly developed LCMS have either lumen apposing (AXIOS, Xlumena, Mountain 
View, CA, United States and Niti-S SPAXUS, TaeWoong Medical Co., Ltd., Ilsan, 
South Korea) properties or flared ends (NAGI, Taewoong Medical Co, Ilsan, South 
Korea) to prevent stent migration [10]. As compared to the conventional metal 
stents, the use of LCMS is associated with superior outcomes in terms of number 
of procedures required for the resolution of WON [26]. Similarly, better clinical 
outcomes and reduced requirement of endoscopic necrosectomy have been found 
with the use of metal stents as compared to plastic stents in several studies [27–30]. 
In a large, multicenter study including 189 patients with WON, the use of LCMS 
was associated with higher clinical success (80.4 vs. 57.5%), shorter procedure time, 
lower need for surgery (5.1 vs. 16.1%), and lower rate of recurrence as compared 
to plastic stents [31]. However, the superiority of LCMS is not uniform across the 
published studies. In a randomized trial, there was no significant difference in the 
treatment outcomes including the total number of procedures performed, treat-
ment success, and readmissions between LCMS and plastic stent groups in patients 
with WON [24]. In addition, the treatment cost (LCMS: US$12155 vs. plastic stents: 
US$6609) and stent related adverse events were higher in the LCMS group (32.3 vs. 
6.9%, p = 0.01) [24]. Several systematic reviews and meta-analyses draw conflict-
ing conclusions while comparing plastic stents vs. metal stents for ETD of PFCs 
[32–37]. In three of the published systematic reviews and meta-analyses, metal 
stents were found superior to plastic stents for both pseudocysts as well as WON in 
terms of clinical success and adverse events [34, 36, 32]. On the contrary, two other 
systematic reviews and meta-analyses did not find a difference in the outcomes 
between metal or plastic stents [33, 37]. It must be emphasized that the paucity of 
randomized trials is the major limitations of these reviews.

The current trend is to use metal stents for WON with significant debris. These 
cases may require more frequent re-interventions including endoscopic necro-
sectomy for which LCMS are ideal. Whereas, plastic stents are an cost effective 
alternative in pseudocysts or WON with minimal necrotic contents. Randomized 
trials are warranted before concluding the superiority of metal stents for the 
management of PFCs.

2.3 Endoscopic necrosectomy

Endoscopic necrosectomy essentially comprises of endoscopic debridement of 
necrotic debris within the cyst cavity using a variety of methods including DEN and 
naso-cystic lavage with saline and or diluted hydrogen peroxide (3%, 1:10 dilution). 
DEN involves the passage of endoscope within the cyst cavity followed by mechani-
cal removal of necrotic tissue using forceps, polypectomy snares, and retrieval nets 
[38]. With the availability of LCMS (≥15 mm), multiple sessions of DEN can be 
performed with relative ease. However, there is no dedicated device or accessory 
for DEN and therefore, the process is cumbersome and time consuming. Recent 
development of new devices to facilitate endoscopic debridement is likely to make 
DEN less cumbersome and more efficacious [39, 40].

DEN is safe and effective in about 80–90% of patients with WON. However, 
DEN may be associated with substantial complications. In a systematic review, the 
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overall rate of adverse events and mortality associated with endoscopic necrosec-
tomy were 22% and 5%, respectively. The complications reported with DEN include 
air embolism (0.4%), bleeding (11%), and perforation (3%) [41]. Therefore, DEN 
is usually performed in cases with no improvement after ETD alone.

Our group re-defined the endoscopic step-up approach in patients with 
WON. This approach includes cyst cavity lavage using nasocystic catheter and 
de-clogging of the metal stent as intermediate steps after transmural placement 
of metal stent and before proceeding to endoscopic necrosectomy [14]. With this 
approach, endoscopic necrosectomy can be avoided in the vast majority of patients 
with WON.

2.4 Step-up approach for walled of necrosis

Open surgery is associated with a high morbidity and mortality in patients with 
WON. Consequently, minimally invasive surgical or endoscopic approaches have 
virtually replaced open necrosectomy in these patients [6]. The available evidence 
favors a step-up approach over the conventional techniques [7, 42–44]. In general, 
minimally invasive surgical step-up approach consists of percutaneous drainage 
followed by (if necessary) video assisted retroperitoneal debridement (VARD). 
Whereas, endoscopic step up approach includes ETD followed by (if necessary) 
endoscopic necrosectomy. Percutaneous catheter drainage can be used as an adjunct 
to ETD in cases with incomplete response or large collections with extension into 
paracolic gutter (Figure 6).

Several trials have compared endoscopic versus minimally invasive surgical 
methods of drainage in cases with WON [7, 45]. In a randomized trial by the Dutch 
Pancreatitis Study Group, there was no difference in the incidence of major compli-
cations or mortality between the endoscopic or minimally invasive surgical step-up 
approach (endoscopy: 43% vs. surgery: 45%, p = 0.88) [7]. However, the rate of 

Figure 6. 
Large pancreatic fluid collection extending into pelvis.
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pancreatic fistulas (5 vs 32%, p < 0.01) and the length of hospital stay were lower 
in the endoscopy group [7]. In another randomized trial including 66 patients with 
infected WON, ETD was associated with significantly reduced major complications 
(0.15 vs. 0.69), lowered costs (75,830 $ vs. 117,492 $), lower incidence of pancreatic 
fistula (0 vs. 28.1%), and increased quality of life as compared to minimally invasive 
surgery [45]. In a recent systematic review including two randomized trials and four 
observational studies, ETD was associated with lower mortality, risk of major organ 
failure, adverse events, and length of hospital stay [44]. These trials suggest that 
endoscopic step-up approach should be preferred over minimally invasive surgical 
step-up approach for the management of PFCs.

2.5 Endoscopic vs. surgical drainage: pseudocysts

Endoscopic and surgical cyst-gastrostomy have been compared in several studies 
[46–50]. Initial non-randomized trials found surgical drainage to be superior to 
endoscopic drainage of pseudocysts [50]. However, subsequent randomized studies 
concluded that endoscopic drainage achieves similar outcomes as compared to 
surgical drainage [46, 49, 47]. In addition, EUS guided cyst-gastrostomy is less 
invasive, cost saving, and associated with a shorter length of a post procedure 
hospital stay when compared with surgical cyst-gastrostomy [46, 47]. In a recent 
systematic review and meta-analysis including six studies (342 patients), there was 
no significant difference between surgical and endoscopic treatment success rates, 
adverse events, and recurrence for pancreatic pseudocysts [51]. To conclude, the 
current evidence suggests that endoscopic drainage is as efficacious as surgical cyst-
gastrostomy for pseudocysts with shorter hospital stay and reduced costs.

2.6 Endoscopic vs. percutaneous drainage

Percutaneous catheter drainage remains an important modality even in the 
era of minimally invasive endoscopic or surgical treatments. In different studies, 
percutaneous drainage alone was successful in 35–50% of cases with WON [52]. 
Percutaneous drainage can be used as an adjunctive to endoscopic drainage in 
selected cases with large PFCs extending into paracolic gutters or pelvis. In addi-
tion, percutaneous drainage is useful in acute or ill-defined PFCs (<4 weeks) where 
endoscopic drainage may not be feasible. Percutaneous tract can also be utilized for 
endoscopic and VARD [43]. Having described all the major advantages of percuta-
neous catheter drainage, the major limitation remains the development of external 
pancreatocutaneous fistula which may be difficult to treat.

As compared to percutaneous approach, endoscopic drainage is associated with 
significantly better clinical success, a lower re-intervention rate, and a shorter 
hospital length of stay [53]. Therefore, percutaneous drainage is only performed in 
cases where either endoscopic drainage is not available or not feasible (ill-defined or 
distantly located collections).

2.7 Dual modality drainage

Dual modality drainage (DMD) involves the simultaneous or sequential use of 
endoscopic and percutaneous approaches for symptomatic PFCs. Several studies 
have concluded the utility of DMD in symptomatic PFCs especially WON [54, 55]. 
The proposed advantages of this technique include a quicker recovery and reduced 
chances of forming an external pancreato-cutaneous fistula. In the study by Gluck 
et al., the use of DMD was associated with reduced length of hospital stay, and less 
requirement of radiological or endoscopic interventions [55].
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This technique may be especially useful in cases with large WON especially 
those extending into the paracolic gutters [56]. In these cases, transmural approach 
alone may not provide adequate drainage in these patients (Figure 6).

2.8 Trans-papillary drainage of PFCs

Trans-papillary drainage (TPD) of PFCs may be useful in certain scenarios as 
follows: (a) small size of cyst (<5 cm) communicating with main pancreatic duct 
(PD), (b) as an adjunct to ETD in cases with PD leak or disconnected PD, (c) 
chronic pancreatitis with an obstructed PD communicating with a pseudocyst, 
and (d) management of external pancreatic fistula after percutaneous or surgi-
cal drainage [22]. When used as a primary modality, TPD provides the path of 
least resistance for the pancreatic juice, thereby diverting it away from the cyst. 
There is a potential of cyst infection with TPD and therefore, antibiotics should 
be routinely given to these patients. TPD may be useful in preventing recur-
rences of PFCs following ETD in cases with PD leak and disconnected PD [57]. 
We do not routinely perform TPD as an adjunct to ETD in all the cases. In our 
practice, we evaluate the PD anatomy using an magnetic resonance cholangio-
pancreatogram (MRCP) prior to removal of stents placed during ETD. In cases 
with a PD stricture, leak or disconnection we attempt placing a trans-papillary 
PD stent. Subsequently, trans-papillary stents are removed or exchanged (as per 
the PD morphology) after 4–6 weeks. However, trans-papillary stenting may 
not be always feasible especially in cases with a disconnected PD. In these cases, 
transmural plastic stents can be left in situ and metal stents can be exchanged 
with plastic stents [58]. However, the latter approach needs to be substantiated by 
high quality randomized studies. Nevertheless, metal stents should be removed 
between 2 and 4 weeks irrespective of the PD anatomy due to the risk of buried 
stent syndrome and delayed bleeding.

2.9 Endoscopic drainage of PFC in children

The literature regarding the efficacy of endoscopic drainage of PFCs in children 
is sparse. Unlike adults, the feasibility of drainage using an adult duodenoscope or 
EUS scope is questionable in smaller children. Nevertheless, emerging data indicates 
that EUS-guided drainage is feasible and effective in children with PFCs [59–63]. 
Our group evaluated the long-term outcomes in 30 children with PFCs using pigtail 
plastic stents [60]. Clinical success was documented in 93% of children at a median 
follow up of 829 days. The use of novel metal stents has also been described in pedi-
atric age group [62, 61]. Nabi et al. used novel bi-flanged metal stents in 21 children 
with WON. Metal stents could be successfully placed in all the children, and clinical 
success was achieved in 95% of children [62].

3. Recent advancements

The technique of ETD of PFCs using metal stents requires a series of steps 
including needle puncture, coiling of guidewire in the cyst cavity, balloon dilatation 
of the cystogastric tract, and finally, deployment of stent. With the availability of 
electrocautery-enhanced delivery systems, the deployment of metal stents can be 
achieved in a single step [64, 65]. Therefore, the drainage of PFCs using these “Hot 
Devices” is quicker and simpler. Currently, the electrocautery-enhanced delivery 
system is available with lumen apposing (Hot AXIOS) as well as biflanged metal 
stents (Hot NAGI).
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pancreatic fistulas (5 vs 32%, p < 0.01) and the length of hospital stay were lower 
in the endoscopy group [7]. In another randomized trial including 66 patients with 
infected WON, ETD was associated with significantly reduced major complications 
(0.15 vs. 0.69), lowered costs (75,830 $ vs. 117,492 $), lower incidence of pancreatic 
fistula (0 vs. 28.1%), and increased quality of life as compared to minimally invasive 
surgery [45]. In a recent systematic review including two randomized trials and four 
observational studies, ETD was associated with lower mortality, risk of major organ 
failure, adverse events, and length of hospital stay [44]. These trials suggest that 
endoscopic step-up approach should be preferred over minimally invasive surgical 
step-up approach for the management of PFCs.

2.5 Endoscopic vs. surgical drainage: pseudocysts

Endoscopic and surgical cyst-gastrostomy have been compared in several studies 
[46–50]. Initial non-randomized trials found surgical drainage to be superior to 
endoscopic drainage of pseudocysts [50]. However, subsequent randomized studies 
concluded that endoscopic drainage achieves similar outcomes as compared to 
surgical drainage [46, 49, 47]. In addition, EUS guided cyst-gastrostomy is less 
invasive, cost saving, and associated with a shorter length of a post procedure 
hospital stay when compared with surgical cyst-gastrostomy [46, 47]. In a recent 
systematic review and meta-analysis including six studies (342 patients), there was 
no significant difference between surgical and endoscopic treatment success rates, 
adverse events, and recurrence for pancreatic pseudocysts [51]. To conclude, the 
current evidence suggests that endoscopic drainage is as efficacious as surgical cyst-
gastrostomy for pseudocysts with shorter hospital stay and reduced costs.

2.6 Endoscopic vs. percutaneous drainage

Percutaneous catheter drainage remains an important modality even in the 
era of minimally invasive endoscopic or surgical treatments. In different studies, 
percutaneous drainage alone was successful in 35–50% of cases with WON [52]. 
Percutaneous drainage can be used as an adjunctive to endoscopic drainage in 
selected cases with large PFCs extending into paracolic gutters or pelvis. In addi-
tion, percutaneous drainage is useful in acute or ill-defined PFCs (<4 weeks) where 
endoscopic drainage may not be feasible. Percutaneous tract can also be utilized for 
endoscopic and VARD [43]. Having described all the major advantages of percuta-
neous catheter drainage, the major limitation remains the development of external 
pancreatocutaneous fistula which may be difficult to treat.

As compared to percutaneous approach, endoscopic drainage is associated with 
significantly better clinical success, a lower re-intervention rate, and a shorter 
hospital length of stay [53]. Therefore, percutaneous drainage is only performed in 
cases where either endoscopic drainage is not available or not feasible (ill-defined or 
distantly located collections).

2.7 Dual modality drainage

Dual modality drainage (DMD) involves the simultaneous or sequential use of 
endoscopic and percutaneous approaches for symptomatic PFCs. Several studies 
have concluded the utility of DMD in symptomatic PFCs especially WON [54, 55]. 
The proposed advantages of this technique include a quicker recovery and reduced 
chances of forming an external pancreato-cutaneous fistula. In the study by Gluck 
et al., the use of DMD was associated with reduced length of hospital stay, and less 
requirement of radiological or endoscopic interventions [55].
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This technique may be especially useful in cases with large WON especially 
those extending into the paracolic gutters [56]. In these cases, transmural approach 
alone may not provide adequate drainage in these patients (Figure 6).

2.8 Trans-papillary drainage of PFCs

Trans-papillary drainage (TPD) of PFCs may be useful in certain scenarios as 
follows: (a) small size of cyst (<5 cm) communicating with main pancreatic duct 
(PD), (b) as an adjunct to ETD in cases with PD leak or disconnected PD, (c) 
chronic pancreatitis with an obstructed PD communicating with a pseudocyst, 
and (d) management of external pancreatic fistula after percutaneous or surgi-
cal drainage [22]. When used as a primary modality, TPD provides the path of 
least resistance for the pancreatic juice, thereby diverting it away from the cyst. 
There is a potential of cyst infection with TPD and therefore, antibiotics should 
be routinely given to these patients. TPD may be useful in preventing recur-
rences of PFCs following ETD in cases with PD leak and disconnected PD [57]. 
We do not routinely perform TPD as an adjunct to ETD in all the cases. In our 
practice, we evaluate the PD anatomy using an magnetic resonance cholangio-
pancreatogram (MRCP) prior to removal of stents placed during ETD. In cases 
with a PD stricture, leak or disconnection we attempt placing a trans-papillary 
PD stent. Subsequently, trans-papillary stents are removed or exchanged (as per 
the PD morphology) after 4–6 weeks. However, trans-papillary stenting may 
not be always feasible especially in cases with a disconnected PD. In these cases, 
transmural plastic stents can be left in situ and metal stents can be exchanged 
with plastic stents [58]. However, the latter approach needs to be substantiated by 
high quality randomized studies. Nevertheless, metal stents should be removed 
between 2 and 4 weeks irrespective of the PD anatomy due to the risk of buried 
stent syndrome and delayed bleeding.

2.9 Endoscopic drainage of PFC in children

The literature regarding the efficacy of endoscopic drainage of PFCs in children 
is sparse. Unlike adults, the feasibility of drainage using an adult duodenoscope or 
EUS scope is questionable in smaller children. Nevertheless, emerging data indicates 
that EUS-guided drainage is feasible and effective in children with PFCs [59–63]. 
Our group evaluated the long-term outcomes in 30 children with PFCs using pigtail 
plastic stents [60]. Clinical success was documented in 93% of children at a median 
follow up of 829 days. The use of novel metal stents has also been described in pedi-
atric age group [62, 61]. Nabi et al. used novel bi-flanged metal stents in 21 children 
with WON. Metal stents could be successfully placed in all the children, and clinical 
success was achieved in 95% of children [62].

3. Recent advancements

The technique of ETD of PFCs using metal stents requires a series of steps 
including needle puncture, coiling of guidewire in the cyst cavity, balloon dilatation 
of the cystogastric tract, and finally, deployment of stent. With the availability of 
electrocautery-enhanced delivery systems, the deployment of metal stents can be 
achieved in a single step [64, 65]. Therefore, the drainage of PFCs using these “Hot 
Devices” is quicker and simpler. Currently, the electrocautery-enhanced delivery 
system is available with lumen apposing (Hot AXIOS) as well as biflanged metal 
stents (Hot NAGI).
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4. Individualized approach to pancreatic fluid collections

The management of PFCs requires an individualized approach based on their 
maturity (acute or well defined), contents, and anatomical location in relation to 
gastroduodenal wall (Figure 7). Asymptomatic PFCs do not require drainage irre-
spective of their size. Similarly, symptomatic and ill-defined APFCs are managed 
conservatively with antibiotics (if necessary), nutritional support, and analgesics 
initially. In non-responders, percutaneous drainage is a reasonable next step in 
acute collections.

Mature PFCs with a well-defined wall and in close proximity to gastroduodenal 
wall can be managed endoscopically using plastic or metal endoprostheses in major-
ity of the cases. We prefer LCMS in PFCs containing substantial necrotic debris 
identified on EUS or MRI. Occasionally, the PFC is situated away (>1–1.5 cm) from 
the gastroduodenal wall and not amenable to endoscopic drainage. In these cases, 
percutaneous or minimally invasive surgical drainage (e.g., VARD) are alternatives.

Subsequent interventions are carried in a step-up fashion based on the per-
sistence of significant symptoms. Endoscopic or percutaneous necrosectomy is 
performed in non-responders who underwent ETD or percutaneous drainage, 
respectively, as the primary mode of drainage. We prefer intermediary steps includ-
ing naso-cystic lavage and de-clogging of LCMS before proceeding to DEN. In our 
experience, only a minor fraction of cases require DEN with this approach [14]. 
Some cases do not respond to the aforementioned minimally invasive step-up 
approach and require an open surgical debridement.

5. Conclusions

The management of PFCs requires a multidisciplinary approach involving 
experienced endoscopists, interventional radiologists, pancreatic surgeons, and 
nutritionists. Endoscopic drainage is the preferred first line approach to symptom-
atic and infected PFCs. Percutaneous drainage is useful in selected scenarios and 
can complement the benefits of endotherapy in large collections extending toward 

Figure 7. 
Approach to symptomatic pancreatic fluid collections. VARD, video-assisted retroperitoneal debridement; 
LCMS, large caliber metal stent; **percutaneous drainage can be performed either simultaneously with 
endoscopic transmural drainage or sequentially in non-responders.
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pelvis. The approach to PFCs should not be rigid and should be individualized for 
each patient. In general, a step-up approach minimizes the morbidity associated 
with open surgical drainage and is usually successful in majority of the patients. 
However, some cases do require open surgical debridement despite of all the recent 
advancements in endotherapy.
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Abstract

Acute pancreatitis is an acute clinical condition where it can be manifested as 
mild disease or serious and life-threatening condition. There are several factors that 
may be responsible for this condition, such as genetic, gallstone disease, alcohol 
consumption, pancreatic trauma, medication, hypertriglyceridemia, autoimmune 
disease, and surgery. The most common manifestation of pancreatic parenchymal 
injury is pancreatic pseudocyst (PPC) formation, where peripancreatic fluid collec-
tion (PFCs) usually precedes this condition. Even though most of the pseudocyst 
can be managed conservatively, however in conditions such as infected pseudocyst 
or possible wall of necrosis (WON), there should be an early intervention manage-
ment. Clinical evaluation and imaging studies have to be done in the beginning. 
Computed tomography (CT) scan or magnetic resonance imaging (MRI) are the 
main imaging techniques used to evaluate the characteristic of the cyst, the size, 
surrounding vascularity, and to assess the pancreatic duct itself with possible of 
fistula formation. Clinical conditions that are usually considered for early interven-
tion management are symptomatic pseudocyst, large size of pseudocyst, presence 
of gastric outlet obstruction, or biliary obstruction. PFC should be evaluated as it 
has been classified based on type of pancreatitis, time frame, well-defined wall, and 
debris contained inside the cyst. Endoscopic management has replaced percutane-
ous and surgical approach in most of PFC cases. Nowadays, endoscopic ultrasound 
(EUS) has been widely used as the first-line tool for PFC drainage procedure. 
Pancreatic pseudocyst stenting is the most common procedure in most of the 
centers in the world. However, the cost, availability, and expertise are needed to be 
considered in clinical practice.

Keywords: endoscopic management, pancreatic fluid collections, acute pancreatitis

1. Introduction

Acute pancreatitis is one of the challenging situations in clinical practice where 
it can lead to a critical condition. This condition also needs to be carefully managed 
to prevent more complications [1]. One of the major complications is acute peripan-
creatic fluid collections (APPFC) and pseudocyst development [2, 3]. The clinical 
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decision for pancreatic pseudocyst or necrotic infected cyst drainage procedure is 
very important with regard to the patient’s clinical condition and imaging evalua-
tion. There are several well-known routes of drainage procedure of choice such as 
percutaneous, endoscopic, or surgical drainage [4].

Recently, development of therapeutic endoscopic ultrasound (EUS) procedure 
has become more popular in most of the highly experienced centers as a first-line 
management in pancreatic fluid collection drainage [5–7] (Figure 1). However, it 
would need a good comprehensive team work and facilities to perform this kind of 
procedure.

2. Acute pancreatitis and pancreatic fluid collection

Acute pancreatitis is an acute clinical condition due to sudden inflammation of 
the pancreas, and it is mostly caused by gallstone disease or alcohol consumption. 
The other risks of acute pancreatitis are endoscopic retrograde cholangiopan-
creatography (ERCP) procedure, some medications, trauma of the abdomen, 
autoimmune disease, hypertriglyceridemia, hereditary factors, abnormalities of 
the pancreas anatomy, infection, surgical procedure, and pancreatic tumor. Acute 
pancreatitis consists of two phases of disease: (1) within 1 week, where the systemic 
inflammation plays an important role and it can be accompanied by organ failure; 
and (2) more than 1 week, where local complications happened, such as acute 
peripancreatic fluid collections (APPFC), acute necrotic fluid collection (ANC), 
pancreatic pseudocyst (PPC), and walled-off necrosis (WON), either can be sterile 
or infected. This has been classified based on the revised Atlanta criteria. This 
criteria has been mainly based on time after the onset (whether it is ≤4 weeks or 
>4 weeks from the onset of pain) and whether there is a necrosis condition through 
the imaging examination [7, 8]. Acute pancreatitis can be easily diagnosed based 
on three classic parameters, which are abdominal pain, serum amylase, and/or 
lipase more than three times upper limit normal, and abdominal imaging study. 
Abdominal ultrasound should be routinely performed in acute pancreatitis patients 
as gallstone disease is still the most common etiology. This issue is important to 
consider early cholecystectomy to prevent more complications in the pancreas [9].

On the other hand, the development of PFC can also be subdivided into early 
complication (APPFC and ANC) and delayed complication (PPC and WON). 
APPFC, which contains sterile pancreatic juice, is usually developed within 48 h 
in almost 50% acute pancreatitis patients, where this condition might be resolved 
within 2–4 weeks. In the imaging study, homogeneous fluid attenuation con-
forms to the retroperitoneal structures without any wall which is the hallmark. 

Figure 1. 
Patient with infected pancreatic pseudocyst and acute pancreatitis [6].
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Meanwhile, ANC can be located pancreatic, peripancreatic, or mixed. It is usually 
arising from the necrotic pancreas tissue or glandular and mostly it is connected to 
the pancreatic duct. Imaging study showed inhomogeneous without any liquefied 
components and wall. If the fluid collection persists, then usually it can further lead 
to the development of PPC. PPC is a pancreatic juice collection surrounded by the 
wall. The location of pseudocyst development usually is at the lesser sac. The cyst 
wall is formed from the fibrous or granulomatous tissue. Based on imaging stud-
ies, it is an oval-round cystic lesion with a thin-walled even though sometimes the 
wall can be thicker. More than 50% of PPC are usually either resolved or drained 
spontaneously into the stomach. The larger size of PPC can cause symptoms such as 
abdominal pain or rupture into the peritoneal cavity. Other related complications 
are secondary infection, internal bleeding, and bile duct or duodenal obstruc-
tion. WON is the transformation of pseudocyst and ANC; it is a thick cavity wall 
containing semi-liquid collection and necrotic debris. Based on the imaging study, 
there is an inhomogeneous nonliquefied component encapsulated with wall. 
Imaging studies are very important to differentiate each of PFC types, as it will have 
different management and prognosis [10, 11].

3.  Endoscopic management of pancreatic fluid collection: history and 
development

Traditionally, percutaneous and surgical approaches are the old standard 
methods for PFC (PPC and WON) drainage, where the percutaneous approach can 
be performed easily for PPC drainage with transabdominal ultrasound-guided or 
computed tomography (CT) guide. Meanwhile, the surgical approach is the usually 
preferred method, especially for ANC or WON. It is an open approach and consists 
of cystogastrostomy, cystoduodenostomy, and cystojejunostomy. Laparoscopic 
method for PFC drainage was also increasingly reported afterward. However, 
looking at the high complication rate of surgery approach and possible ineffec-
tive drainage result with high recurrence rate in percutaneous approach, recently, 
endoscopic method has become a new alternative route and the most preference 
method nowadays [12].

The first report was published by Sahel et al. in 19 patients with chronic pancre-
atitis [13]. The complications occurred in four patients (bleeding in two patients, 
and two perforations). Another pioneer study by Cremer et al. also showed high 
success rate for endoscopic cystoduodenostomy (ECD) and 100% for endoscopic 
cystogastrostomy (ECG) [14]. However, both studies were performed in small 
sample size. Study by Weckman et al. in larger study subjects within 6 years 
period showed 86.1% success rate for endoscopic management in PPC patients 
with around 13.9% needing surgical intervention due to unsuccessful therapeutic 
endoscopy [15].

More studies have been conducted regarding endoscopic transpapillary stenting 
for pancreatic duct (PD) leak or disruption causing PPC or fistula, and also endo-
scopic management in WON. First, study by Catalano et al. performing endoscopic 
cystenterostomy in 8 of 21 PPC patients with duct strictures was successful in all 
cases [16]. In the recent study of transpapillary management route by Brennan 
et al., where it only included 30 patients with the indications of PD stenting were 
PPC, pancreatic ascites, pancreatic duct leak, and fistula, the follow-up success rate 
after PD stenting for pancreatic duct rupture was 88%, while for pseudocyst, it was 
63% [17]. In the WON study, endoscopic treatment was performed in 101 patients. 
The therapeutic success rate was 98.02%; whereas, long-term follow-up success rate 
was 96.04% in patients with symptomatic WON [18].
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The clinical decision when to intervene the PFC is usually based on comprehen-
sive clinical and imaging evaluation. Gastric outlet obstruction or biliary obstruc-
tion needs to be managed as soon as possible (Figure 2). It can be recognized early 
through the clinical symptoms such as abdominal pain, vomiting, weight loss, early 
satiety, or even jaundice. Infected PPC is one of the absolute indications for drain-
age procedure (Figure 3). Imaging evaluation as well as the fluoroscopy-guided 
or transabdominal-guided endoscopic management is considered as an important 
thing, especially in non-bulging PPC [19].

Nowadays, endoscopic ultrasound (EUS) has replaced the traditional way to 
do the drainage procedure. Through EUS examination, it is easy to evaluate non-
bulging PFC as well as other factors, such as the puncture site with large vessels 
avoidance, accurate fluid aspiration with the wall evaluation, and pancreatic duct 
connection. Defining the characteristics of each PFC type can also be easily done 
through EUS examination as the location and the size of the PFC, including the 
solid material, the wall, and the border, can be scored. It can also evaluate the bile 
duct under direct visualization [20].

The indication for endoscopic management is usually based on the patient’s 
symptoms, the resolution or severity of infections, and the size of the cyst. Another 
consideration involves the cyst wall maturity. Usually, the right time to perform 
endoscopic intervention is after 4 weeks as it allowed better encapsulation. Recent 
systematic review, comparing percutaneous, surgical, and endoscopic methods in 
managing PPC, shows that endoscopic management using EUS reduced the length 
of hospital admission time, cost, and improved patient’s quality of life [21, 22].

Figure 3. 
Patient with infected pancreatic pseudocyst and biliary obstruction (Courtesy: Dr. Cosmas Rinaldi 
A. Lesmana).

Figure 2. 
Patient with pancreatic pseudocyst and gastric outlet obstruction [6].
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4.  Endoscopic ultrasound-guided pancreatic fluid collection drainage: 
technical review

There are two options of endoscopic drainage method, which are transmural, 
transpapillary, or even combining these two techniques. In the pseudocyst case, 
endoscopic ultrasound (EUS) has been widely used for transmural drainage with 
previous evaluation where direct visualization of cystic lesions through the gastro-
intestinal (GI) lumen can be easily performed. It has become the most important 
tool in the management for pancreatic cyst, especially to differentiate benign 
from malignant condition. However, other than anatomic factor, the presence of 
ductal communication is also an important factor to decide which route is better 
to perform. In the WON case, the principle is the same; however, the fluid collec-
tion resolution after 72 h is the main consideration for more aggressive endoscopic 
intervention, which is known as EUS-guided transmural necrosectomy procedure. 
The drainage procedure can be done either with transpapillary or transmural 
approach. The needle puncture is performed using 19-G FNA needle. After the tip 
of the needle entering the cyst cavity, the needle sheath can be left inside by pulling 
out the needle and the guide wire was inserted through the needle sheath until it 
is coiled up. Then, the sheath was pulled out with maintaining the wire inside the 
cyst cavity. The dilatation process will further be performed either with dilator or 
5 or 6-fr cystotome to make a larger fistula. Finally, the stent is inserted through the 
fistula track (plastic or metallic stent) [23–26].

5. Endoscopic management: metal vs. plastic stent

There are two types of stents that are usually used in the management of PPC: 
metal stent and double pigtail plastic stent. There have been some concerns about 
using the plastic stents, which are possible for re-intervention due to ineffective 
drainage, longer procedure time regarding the need of two plastic stents place-
ment, or even the risk of leakage. However, some studies have shown that plastic 
stent success rate for PPC drainage ranges from 84 to 94%, but the success rate was 
found to be lower in few studies when managing WON cases [27–29]. One of the 
studies by Bang et al. showed that there was no difference for the treatment success 
between 7 and 10 Fr plastic stents, and even only one plastic stent placement when 
compared to more than one plastic stents. Another consideration need to be put in 
clinical practice is the cost, where it would be cheaper to use the plastic stent [30]. 
Recent meta-analysis study showed that there was a higher clinical success rate (OR 
3.39, 95% CI 1.35–21.19) and lower adverse events (OR 0.37, 95% CI 0.21–0.66) in 
the metal stent studies. The concern is regarding adverse events, such as bleeding, 
perforation, and stent migration. Fully covered metallic stent (FCMS) might be 
considered better in bleeding prevention due to the tamponade direct effect from 
the stent. In the subgroup analysis, even though the success rate in the metal stent 
group was 98.3%, however, the success rate in the plastic stent group also more 
than 90%. The success rate in the plastic group was below than 90% only in the 
WON group, where the metal stent group has still more than 90% success rate [31]. 
Another development in the stent evolution, lumen apposing metal stent (LAMS) 
development where this stent is used not only for endoscopic drainage procedure, 
but also for endoscopic necrosectomy procedure. This stent has also advantage in 
migration prevention when compared to FCMS [32–35].

Until now, there are still debates and conflicting data with regard to the use of 
type of the stents. However, even though technically there is no significant differ-
ence between placing metal stent versus plastic stent, every type of case need to 
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be decided individually as the cost issue, stent availability, PFC type, and possible 
complications are still important things for clinical consideration.

6. Conclusions

Acute pancreatitis with pancreatic fluid collection (PFC) is a challenging condi-
tion in the field of gastroenterology as it would need good comprehensive clinical 
assessment and good timing to decide when to intervene. Transmural approach 
through endoscopic procedure has replaced percutaneous or surgical approach to 
manage pancreatic pseudocyst. The use of metal stent seemed to be superior than 
the plastic stent for PFC drainage, however, it would be depending on the cost, 
availability, and the type of PFC.
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Up-To-Date View on the Clinical 
Manifestations and Complications 
of Chronic Pancreatitis
Mila Dimitrova Kovacheva-Slavova, Plamen Georgiev Getsov,  
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Abstract

Chronic pancreatitis is an inflammatory disease that causes irreversible anatomi-
cal changes including infiltration of inflammatory cells, fibrosis and pancreatic cal-
cification with destruction of the structure of the gland, leading to abdominal pain, 
endocrine and exocrine dysfunction. Pancreatic exocrine insufficiency (PEI) preva-
lence in chronic pancreatitis varies between 40 and 94%. PEI is diagnosed by direct 
and indirect tests. Nutritional status is assessed by anthropometric indicators; labora-
tory tests—hemoglobin, plasma proteins (albumin, prealbumin, retinol- binding 
protein, transferrin), fat-soluble vitamins A, D, E, K; micronutrients. Pancreatic 
enzyme replacement therapy (PERT) is a fundamental part of PEI treatment. An 
optimal PERT could prevent serious PEI complications such as metabolic bone 
disease, adverse cardiovascular events, cachexia, poor quality of life and mortality. A 
periodic screening for PEI complications with a respect to their primary and second-
ary prophylaxis is mandatory. Diabetes mellitus secondary to pancreatic disease is 
defined as pancreatogenic diabetes or type 3c diabetes mellitus. Patients with chronic 
pancreatitis are at increased risk for pancreatic cancer influenced by smoking, 
alcohol abuse, chronic inflammation and pancreatic stellate cells over- proliferation. 
However, chronic pancreatitis could be further complicated with splenic vein throm-
bosis, pseudocysts, duodenal or biliary obstruction, pseudoaneurysm and pancreatic 
duct stones which might require endoscopic or surgical treatment.

Keywords: chronic pancreatitis, pancreatic exocrine insufficiency, enzyme 
replacement therapy, pancreatogenic diabetes, pseudocysts, splenic vein thrombosis, 
duodenal or biliary obstruction, pseudoaneurysm, pancreatic duct stones

1. Introduction

Chronic pancreatitis (CP) is an inflammatory disease that causes irreversible 
anatomical changes and damage including infiltration of inflammatory cells, 
fibrotic processes and calcifications formation with destruction of the gland 
structure and thus affects normal nutrients digestion and absorption. The clinically 
early phase is characterized by pain and recurrent acute pancreatitis episodes and 
complications, and the late phase by exo- and/or endocrine insufficiency. In 2016, a 
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new definition of CP was proposed, according to which CP is a fibro-inflammatory 
syndrome, affecting people with genetic, environmental and/or other risk factors, 
resulting in a persistent pathological response as a result of parenchymal injury or 
stress. In addition, some of the following features of advanced CP may be present in 
each patient: pancreatic atrophy, fibrosis, pain syndrome, ductal stricture, calcifica-
tions, pancreatic exocrine/endocrine insufficiency and dysplasia. The frequency of 
CP per year in the European population is 5–10/100,000. Alcohol abuse is the most 
observed cause. Recurrent episodes of acute pancreatitis and heredity as a contrib-
uting factor may result into CP development [1–7].

Pain is the most frequent symptom in CP patients, leading to quality of life 
impairment. It pathogenesis is still poorly understood. Multimodal approach, 
including lifestyle changes, medical therapy, pancreatic endoscopic and surgical 
procedures, and other non-pharmacological options are recommended [8, 9].

The pancreatic enzymes lipase, amylase, trypsin and chymotrypsin, released 
predominantly by the duodenal mucosa exposure of nutrients—especially lipids, 
are at a great importance for the macronutrient digestion. Their secretion comprises 
the following three phases—maximum, stable and basic secretion. Pancreatic 
enzymes amount and action duration depend on the caloric content maldigestion, 
the food type and its physical properties [1, 6, 7, 10, 11].

Pancreatic exocrine insufficiency (PEI) due to a progressive loss of acinar cells is 
a functional limitation of pancreatic enzyme and bicarbonate secretion, regardless 
its etiology, leading to digestive process deficiency. Main pathological mechanisms 
in adults are (1) Insufficient pancreatic secretory capacity, (2) Decreased gland 
stimulation, (3) Impaired enzymes release in the duodenum. The causes are divided 
into primary (chronic pancreatitis, cystic fibrosis, pancreatic agenesia, congeni-
tal pancreatic hypoplasia, Shwachman-Diamond syndrome, Johanson-Blizzard 
syndrome, pancreatic lipomatosis or atrophy, isolated lipase or co-lipase deficiency, 
pancreatic carcinoma, pancreatic resection) and secondary (reduced cholecysto-
kinin releasing, somatostatinoma or exogenous administration of somatostatin, 
gastrinoma, (sub) total gastrectomy, resections and Billroth II anastomosis, periam-
pullary tumors) [11–15].

Although not studied in-depth, the reported prevalence of PEI in patients 
with CP varies widely between 40 and 94%. The onset of PEI depends on the CP 
etiology and is about 10–15 years (5–6 years for alcoholic CP) after initiating the 
pathological CP processes, which is explained by the large functional reserve capac-
ity. Decompensation occurs when the enzyme secretion is reduced by 90–95%. 
However, in some patients PEI symptoms such as malnutrition and/or abdominal 
symptoms (diarrhea, flatulence, pain), steatorrhea, body weight loss are first 
appearance of the disease [1, 7, 16–18].

Although steatorrhea is a typical symptom of a severe PEI, no clinical symp-
tom unambiguously proves or excludes PEI. Steatorrhea may be absent or caused 
by pancreatic duct obstruction, low duodenal pH, decreased contact time due 
to increased motility, small intestinal bacterial overgrowth. Fat-soluble vitamin 
insufficiency, protein malnutrition, increased risk of osteoporosis and fractures, 
life-threatening complications such as cardiovascular events are further PEI 
 complications [2, 5, 19–22].

An up-to-date assessment of pancreatic exocrine function allows diagnosis 
of PEI, initiation of pancreatic enzyme replacement therapy (PERT) and its 
monitoring. Pancreatic exocrine secretion can be assessed by direct and indirect 
methods. Direct tests are based on determination of volume, bicarbonates and/
or enzymes in the stimulated pancreatic gland by intravenous administration of 
hormones or their peptide analogs. These methods are invasive because duodenal 
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intubation and a duodenal juice sample are required. Most indirect methods, 
which evaluate either the digestive ability of the pancreas or the pancreatic secre-
tion by quantification of pancreatic enzymes, are non-invasive, but some require 
blood sampling and are then considered invasive. The clinical benefit of each 
method is based on diagnostic accuracy, relevance in clinical practice and cost 
[20, 23–25].

Pancreatic enzyme replacement therapy is an essential part of PEI treatment. 
Nowadays a majority of patients with PEI might be asymptomatic, receiving none 
or suboptimal PERT. They are at increased risk of PEI complications and impaired 
quality of life. Patients’ compliance should be ensured. Periodical monitoring of 
PERT by nutritional assessment and BMI is mandatory with a respect to primary 
and secondary prophylaxis of risk factors [1, 6, 18, 26–30].

Pancreatogenic diabetes or type 3c diabetes mellitus develops secondary to 
pancreatic disease. Recently, DM type 3c is a more recognizable entity due to new 
proposed criteria. It is a complex disease, further complicated by the presence of 
comorbidities such as maldigestion and accompanying malnutrition. Metformin is 
a treatment of choice. Annually screening for type 3c DM by fasting glucose levels 
and HbA1c is of a great importance in patients with CP regardless the grade of 
pathological structural changes [17, 18, 20, 31, 32].

Many studies are conducted to demonstrate the association between CP with 
tropical and hereditary etiology and DM with pancreatic cancer development. 
The pathogenesis of malignant transformation on the basis of CP remains unclear. 
Biomarkers and imaging modalities are used to distinguish inflammation form 
neoplasia [33, 34].

The management of the miscellaneous CP complications pseudocysts, splenic vein 
thrombosis, duodenal and biliary obstruction, pseudoaneurysm, pancreatic calculi 
consists of their screening and treating [23].

2. Clinical manifestations of chronic pancreatitis and their management

2.1 Abdominal pain

Abdominal pain is a predominant symptom, affecting 80–90% of patients with 
CP. Pain significantly reduce quality of life. Pathogenesis is still poorly understood. 
Multifactorial mechanisms are proposed, including inflammation; duct obstruction 
followed by hypertension and ischemia; neuronal damage—neuropathic and dys-
functional pain due to hypersensitivity, central and spinal nociceptive neurons alter-
ations. Alcohol and tobacco have contributing role for pain exacerbation. Pancreatic 
pain covers the characteristics of visceral pain—diffuse severe dull persistent pain, 
usually with epigastrium location and further radiation to the back, left or right 
hypochondria. Pain is not necessarily linked to a new acute episode and often wors-
ens with food intake. Pain could be recurrent, during acute episodes and prolonged. 
Questionnaire scales could be used for pain characterization: Izbicki pain score, brief 
pain inventory (validated for CP), quantitative sensory testing. According to newest 
guidelines a multi-modal approach, including lifestyle changes, medical therapy and 
non-pharmacological approaches, is recommended. Alcohol and tobacco cessation 
should be advised in all patients. PERT could release pain in patients with ductal 
obstruction as oral enzymes reduce cholecystokinin levels and therefore decrease 
pancreatic juice secretion, leading otherwise to duct hypertension. A combination 
of antioxidants is useful to reduce the oxidative stress and damage. According to 
the published in 1986 WHO stepwise analgesic’s approach is recommended. Simple 
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new definition of CP was proposed, according to which CP is a fibro-inflammatory 
syndrome, affecting people with genetic, environmental and/or other risk factors, 
resulting in a persistent pathological response as a result of parenchymal injury or 
stress. In addition, some of the following features of advanced CP may be present in 
each patient: pancreatic atrophy, fibrosis, pain syndrome, ductal stricture, calcifica-
tions, pancreatic exocrine/endocrine insufficiency and dysplasia. The frequency of 
CP per year in the European population is 5–10/100,000. Alcohol abuse is the most 
observed cause. Recurrent episodes of acute pancreatitis and heredity as a contrib-
uting factor may result into CP development [1–7].

Pain is the most frequent symptom in CP patients, leading to quality of life 
impairment. It pathogenesis is still poorly understood. Multimodal approach, 
including lifestyle changes, medical therapy, pancreatic endoscopic and surgical 
procedures, and other non-pharmacological options are recommended [8, 9].

The pancreatic enzymes lipase, amylase, trypsin and chymotrypsin, released 
predominantly by the duodenal mucosa exposure of nutrients—especially lipids, 
are at a great importance for the macronutrient digestion. Their secretion comprises 
the following three phases—maximum, stable and basic secretion. Pancreatic 
enzymes amount and action duration depend on the caloric content maldigestion, 
the food type and its physical properties [1, 6, 7, 10, 11].

Pancreatic exocrine insufficiency (PEI) due to a progressive loss of acinar cells is 
a functional limitation of pancreatic enzyme and bicarbonate secretion, regardless 
its etiology, leading to digestive process deficiency. Main pathological mechanisms 
in adults are (1) Insufficient pancreatic secretory capacity, (2) Decreased gland 
stimulation, (3) Impaired enzymes release in the duodenum. The causes are divided 
into primary (chronic pancreatitis, cystic fibrosis, pancreatic agenesia, congeni-
tal pancreatic hypoplasia, Shwachman-Diamond syndrome, Johanson-Blizzard 
syndrome, pancreatic lipomatosis or atrophy, isolated lipase or co-lipase deficiency, 
pancreatic carcinoma, pancreatic resection) and secondary (reduced cholecysto-
kinin releasing, somatostatinoma or exogenous administration of somatostatin, 
gastrinoma, (sub) total gastrectomy, resections and Billroth II anastomosis, periam-
pullary tumors) [11–15].

Although not studied in-depth, the reported prevalence of PEI in patients 
with CP varies widely between 40 and 94%. The onset of PEI depends on the CP 
etiology and is about 10–15 years (5–6 years for alcoholic CP) after initiating the 
pathological CP processes, which is explained by the large functional reserve capac-
ity. Decompensation occurs when the enzyme secretion is reduced by 90–95%. 
However, in some patients PEI symptoms such as malnutrition and/or abdominal 
symptoms (diarrhea, flatulence, pain), steatorrhea, body weight loss are first 
appearance of the disease [1, 7, 16–18].

Although steatorrhea is a typical symptom of a severe PEI, no clinical symp-
tom unambiguously proves or excludes PEI. Steatorrhea may be absent or caused 
by pancreatic duct obstruction, low duodenal pH, decreased contact time due 
to increased motility, small intestinal bacterial overgrowth. Fat-soluble vitamin 
insufficiency, protein malnutrition, increased risk of osteoporosis and fractures, 
life-threatening complications such as cardiovascular events are further PEI 
 complications [2, 5, 19–22].

An up-to-date assessment of pancreatic exocrine function allows diagnosis 
of PEI, initiation of pancreatic enzyme replacement therapy (PERT) and its 
monitoring. Pancreatic exocrine secretion can be assessed by direct and indirect 
methods. Direct tests are based on determination of volume, bicarbonates and/
or enzymes in the stimulated pancreatic gland by intravenous administration of 
hormones or their peptide analogs. These methods are invasive because duodenal 
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intubation and a duodenal juice sample are required. Most indirect methods, 
which evaluate either the digestive ability of the pancreas or the pancreatic secre-
tion by quantification of pancreatic enzymes, are non-invasive, but some require 
blood sampling and are then considered invasive. The clinical benefit of each 
method is based on diagnostic accuracy, relevance in clinical practice and cost 
[20, 23–25].

Pancreatic enzyme replacement therapy is an essential part of PEI treatment. 
Nowadays a majority of patients with PEI might be asymptomatic, receiving none 
or suboptimal PERT. They are at increased risk of PEI complications and impaired 
quality of life. Patients’ compliance should be ensured. Periodical monitoring of 
PERT by nutritional assessment and BMI is mandatory with a respect to primary 
and secondary prophylaxis of risk factors [1, 6, 18, 26–30].

Pancreatogenic diabetes or type 3c diabetes mellitus develops secondary to 
pancreatic disease. Recently, DM type 3c is a more recognizable entity due to new 
proposed criteria. It is a complex disease, further complicated by the presence of 
comorbidities such as maldigestion and accompanying malnutrition. Metformin is 
a treatment of choice. Annually screening for type 3c DM by fasting glucose levels 
and HbA1c is of a great importance in patients with CP regardless the grade of 
pathological structural changes [17, 18, 20, 31, 32].

Many studies are conducted to demonstrate the association between CP with 
tropical and hereditary etiology and DM with pancreatic cancer development. 
The pathogenesis of malignant transformation on the basis of CP remains unclear. 
Biomarkers and imaging modalities are used to distinguish inflammation form 
neoplasia [33, 34].

The management of the miscellaneous CP complications pseudocysts, splenic vein 
thrombosis, duodenal and biliary obstruction, pseudoaneurysm, pancreatic calculi 
consists of their screening and treating [23].

2. Clinical manifestations of chronic pancreatitis and their management

2.1 Abdominal pain

Abdominal pain is a predominant symptom, affecting 80–90% of patients with 
CP. Pain significantly reduce quality of life. Pathogenesis is still poorly understood. 
Multifactorial mechanisms are proposed, including inflammation; duct obstruction 
followed by hypertension and ischemia; neuronal damage—neuropathic and dys-
functional pain due to hypersensitivity, central and spinal nociceptive neurons alter-
ations. Alcohol and tobacco have contributing role for pain exacerbation. Pancreatic 
pain covers the characteristics of visceral pain—diffuse severe dull persistent pain, 
usually with epigastrium location and further radiation to the back, left or right 
hypochondria. Pain is not necessarily linked to a new acute episode and often wors-
ens with food intake. Pain could be recurrent, during acute episodes and prolonged. 
Questionnaire scales could be used for pain characterization: Izbicki pain score, brief 
pain inventory (validated for CP), quantitative sensory testing. According to newest 
guidelines a multi-modal approach, including lifestyle changes, medical therapy and 
non-pharmacological approaches, is recommended. Alcohol and tobacco cessation 
should be advised in all patients. PERT could release pain in patients with ductal 
obstruction as oral enzymes reduce cholecystokinin levels and therefore decrease 
pancreatic juice secretion, leading otherwise to duct hypertension. A combination 
of antioxidants is useful to reduce the oxidative stress and damage. According to 
the published in 1986 WHO stepwise analgesic’s approach is recommended. Simple 
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analgesics (Paracetamol, NSAIDs, Aspirin) are first-line drugs with Paracetamol 
being the preferable one. If no pain relief is achieved, weak opioids (Tramadol), 
strong opioids (Morphine, Oxycodone), gabapentinoids (Pregabalin), antidepres-
sants or N-methyl-d-aspartate receptor antagonists (Ketamine) could be used. 
Endoscopic treatment with or without Extracorporeal Shock Wave Lithotripsy has 
a beneficial role in cases with duct obstruction (see below). If endoscopic treatment 
is ineffective, surgery procedures (drainage, partial or total resection) are indicated. 
Better results are observed, when applied in early stages of CP and in patients with 
no opioids requirements. Other non-pharmacological options in selected patients 
include bilateral thoracoscopic splanchnicectomy, celiac plexus blocks and splanch-
nic nerve ablation, spinal cord stimulation, transcranial magnetic stimulation, 
psychological therapies [8, 9].

2.2 Pancreatic exocrine insufficiency

2.2.1 Pancreatic exocrine insufficiency assessment by direct functional tests

2.2.1.1 Secretin stimulation test

Hormonal stimulation tests are considered to be the most sensitive and specific 
tests that investigate pancreatic function, including chronic pancreatitis. The test, 
introduced by Dreiling in 1948, is based on the physiological pancreatic stimulation 
by secretin with release of water and bicarbonates from the centroacinar and ductal 
cells. The volume of the duodenum aspiration and bicarbonate concentration are 
evaluated after double lumen duodenal tube insertion. Standardized ranges, which 
exclude pancreatic exocrine insufficiency, are: 80–130 mEq/L for peak bicarbonate 
concentration; 10.1–37.0 mEq/h bicarbonate output, and volume 1.5–5.7 mL/kg for 
volume/kg. The patient is most likely to suffer from CP if the peak bicarbonate con-
centration is less than 80 mEq/L. The sensitivity of the test ranges between 60 and 
94% and the specificity between 67 and 95%. In a growing number of publications, 
the use of secretin in the course of other techniques (secretin-enhanced MRCP or 
endoscopic secretin testing) demonstrates the ability for evaluation of minimal 
structural changes in the pancreas, in contrast to standard imaging methods which 
fail to diagnose them [35–38].

2.2.1.2 Cholecystokinin stimulation testing

The classical cholecystokinin stimulation test was developed and first used 
in the Mayo Clinic. The test measures the enzyme output. Cholecystokinin is 
given as a continuous infusion of 40 ng/kg/h, but can also be administered as a 
bolus. Cholecystokinin increases bile secretion in the duodenum during the first 
20–40 min after administration, and as a result, the measurement of pancreatic 
secretion might be affected. The cholecystokinin test disadvantages are as follows: 
a need for simultaneous gastric and duodenal juices collection during intubation, 
duodenal perfusion of mannitol and polyethylene glycol solution, delayed stomach 
emptying, mediation of pain, symptoms of nausea and vomiting most probably due 
to blood–brain barrier passage [35, 39–43].

2.2.1.3 Secretin-cholecystokinin testing

The combined secretin-cholecystokinin stimulation testing, also called the 
secretin-pancreozymin test, allows the simultaneous measurement of secretion of 
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both bicarbonate and enzyme by the pancreatic gland. However, cholecystokinin 
may be administered before or after secretion as long as there is no international 
standard for test performing and it seems to play insignificant role for diagnostic 
accuracy. Like the classic cholecystokinin test, it increases the secretion of bile in the 
duodenum [24, 35, 44].

2.2.1.4 Endoscopic testing

After introducing the idea of obtaining pure pancreatic juice during ERCP 
in 1982, the technique was adopted and modified by the Japanese pancreatic 
group and the Cleveland Clinic researchers. The pancreatic fluid collected dur-
ing ERCP has a higher bicarbonate concentration compared with the classic 
secretin test (130 mEq/L for healthy subjects and less than 105 mEq/L for CP) 
and is not contaminated with bile and duodenal content. The drawbacks of the 
method are the potential ERCP complications, the relatively short time for sample 
collection—15 min and the need for sedation, which can affect pancreatic secre-
tion. Therefore, the collection of duodenal juice after secretin with or without 
cholecystokinin stimulation during a standard endoscopic procedure with a tube 
placed in the endoscope biopsy canal was developed as a comparable alternative. 
The peak of bicarbonate concentration and the lipolytic activity in the duodenal 
juice are significantly lower in patients with CP. However, experts find bicar-
bonate and enzyme output to be more reliable markers for exocrine pancreatic 
function. Due to its nature—invasiveness, labor intensity, length of procedure 
(endoscope placement in the duodenum for 1 h) and price, the use of endoscopic 
tests is limited to some specialized centers, so they are not widely used in every-
day practice [24, 39, 45].

2.2.1.5 Secretin-enhanced MRCP (s-MRCP)

Secretin-enhanced MRCP becomes more and more interesting as a method 
of visualization and morphological assessment of the pancreatic structure, as 
well as for quantitative assessment of various aspects of pancreatic exocrine 
function. The magnetic resonance technique has a number of advantages: lack 
of invasiveness, safety, possibility of three-dimensional reconstruction. The 
method is costly and is currently limited to large centers, where it is often used in 
combination with other tests. Its sensitivity is about 90% and is a reliable method 
for diagnosis of CP in an early stage. In CP, fibrous tissue gradually replaces 
the glandular elements in the pancreas. This process is reflected in the s-MRCP 
through characteristic changes in the major pancreatic duct (presence or absence 
of dilated main pancreatic duct >1 mm), peripheral branches (the presence or 
absence of dilated peripheral branches) and the volume of pancreatic secretion. 
The method enables the diagnosis of pancreatic divisum, pseudocysts, ductal 
disruption resulting from pancreatic necrosis or trauma. For the pancreatic 
functional evaluation a semiquantitative assessment of the duodenal filling with 
pancreatic juice at 10th min after secretin application is performed by the fol-
lowing criteria: grade 0-missing duodenal filling; grade 1-only bulbus duodeni 
filling; grade 2-filling up to genu inferior duodeni; grade 3-fluid filling after genu 
inferior duodeni. Grade 0–2 is assumed to demonstrate reduced exocrine func-
tion. During S-MRCP volume of pancreatic output is predominantly measured. 
That is why sphincter of Oddi spasm or obstructive lesions may lead to false CP 
diagnosis. Because of the technique performance and duration the sensitivity 
could be reduced [35, 46–51].
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analgesics (Paracetamol, NSAIDs, Aspirin) are first-line drugs with Paracetamol 
being the preferable one. If no pain relief is achieved, weak opioids (Tramadol), 
strong opioids (Morphine, Oxycodone), gabapentinoids (Pregabalin), antidepres-
sants or N-methyl-d-aspartate receptor antagonists (Ketamine) could be used. 
Endoscopic treatment with or without Extracorporeal Shock Wave Lithotripsy has 
a beneficial role in cases with duct obstruction (see below). If endoscopic treatment 
is ineffective, surgery procedures (drainage, partial or total resection) are indicated. 
Better results are observed, when applied in early stages of CP and in patients with 
no opioids requirements. Other non-pharmacological options in selected patients 
include bilateral thoracoscopic splanchnicectomy, celiac plexus blocks and splanch-
nic nerve ablation, spinal cord stimulation, transcranial magnetic stimulation, 
psychological therapies [8, 9].

2.2 Pancreatic exocrine insufficiency

2.2.1 Pancreatic exocrine insufficiency assessment by direct functional tests

2.2.1.1 Secretin stimulation test

Hormonal stimulation tests are considered to be the most sensitive and specific 
tests that investigate pancreatic function, including chronic pancreatitis. The test, 
introduced by Dreiling in 1948, is based on the physiological pancreatic stimulation 
by secretin with release of water and bicarbonates from the centroacinar and ductal 
cells. The volume of the duodenum aspiration and bicarbonate concentration are 
evaluated after double lumen duodenal tube insertion. Standardized ranges, which 
exclude pancreatic exocrine insufficiency, are: 80–130 mEq/L for peak bicarbonate 
concentration; 10.1–37.0 mEq/h bicarbonate output, and volume 1.5–5.7 mL/kg for 
volume/kg. The patient is most likely to suffer from CP if the peak bicarbonate con-
centration is less than 80 mEq/L. The sensitivity of the test ranges between 60 and 
94% and the specificity between 67 and 95%. In a growing number of publications, 
the use of secretin in the course of other techniques (secretin-enhanced MRCP or 
endoscopic secretin testing) demonstrates the ability for evaluation of minimal 
structural changes in the pancreas, in contrast to standard imaging methods which 
fail to diagnose them [35–38].

2.2.1.2 Cholecystokinin stimulation testing

The classical cholecystokinin stimulation test was developed and first used 
in the Mayo Clinic. The test measures the enzyme output. Cholecystokinin is 
given as a continuous infusion of 40 ng/kg/h, but can also be administered as a 
bolus. Cholecystokinin increases bile secretion in the duodenum during the first 
20–40 min after administration, and as a result, the measurement of pancreatic 
secretion might be affected. The cholecystokinin test disadvantages are as follows: 
a need for simultaneous gastric and duodenal juices collection during intubation, 
duodenal perfusion of mannitol and polyethylene glycol solution, delayed stomach 
emptying, mediation of pain, symptoms of nausea and vomiting most probably due 
to blood–brain barrier passage [35, 39–43].

2.2.1.3 Secretin-cholecystokinin testing

The combined secretin-cholecystokinin stimulation testing, also called the 
secretin-pancreozymin test, allows the simultaneous measurement of secretion of 
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both bicarbonate and enzyme by the pancreatic gland. However, cholecystokinin 
may be administered before or after secretion as long as there is no international 
standard for test performing and it seems to play insignificant role for diagnostic 
accuracy. Like the classic cholecystokinin test, it increases the secretion of bile in the 
duodenum [24, 35, 44].

2.2.1.4 Endoscopic testing

After introducing the idea of obtaining pure pancreatic juice during ERCP 
in 1982, the technique was adopted and modified by the Japanese pancreatic 
group and the Cleveland Clinic researchers. The pancreatic fluid collected dur-
ing ERCP has a higher bicarbonate concentration compared with the classic 
secretin test (130 mEq/L for healthy subjects and less than 105 mEq/L for CP) 
and is not contaminated with bile and duodenal content. The drawbacks of the 
method are the potential ERCP complications, the relatively short time for sample 
collection—15 min and the need for sedation, which can affect pancreatic secre-
tion. Therefore, the collection of duodenal juice after secretin with or without 
cholecystokinin stimulation during a standard endoscopic procedure with a tube 
placed in the endoscope biopsy canal was developed as a comparable alternative. 
The peak of bicarbonate concentration and the lipolytic activity in the duodenal 
juice are significantly lower in patients with CP. However, experts find bicar-
bonate and enzyme output to be more reliable markers for exocrine pancreatic 
function. Due to its nature—invasiveness, labor intensity, length of procedure 
(endoscope placement in the duodenum for 1 h) and price, the use of endoscopic 
tests is limited to some specialized centers, so they are not widely used in every-
day practice [24, 39, 45].

2.2.1.5 Secretin-enhanced MRCP (s-MRCP)

Secretin-enhanced MRCP becomes more and more interesting as a method 
of visualization and morphological assessment of the pancreatic structure, as 
well as for quantitative assessment of various aspects of pancreatic exocrine 
function. The magnetic resonance technique has a number of advantages: lack 
of invasiveness, safety, possibility of three-dimensional reconstruction. The 
method is costly and is currently limited to large centers, where it is often used in 
combination with other tests. Its sensitivity is about 90% and is a reliable method 
for diagnosis of CP in an early stage. In CP, fibrous tissue gradually replaces 
the glandular elements in the pancreas. This process is reflected in the s-MRCP 
through characteristic changes in the major pancreatic duct (presence or absence 
of dilated main pancreatic duct >1 mm), peripheral branches (the presence or 
absence of dilated peripheral branches) and the volume of pancreatic secretion. 
The method enables the diagnosis of pancreatic divisum, pseudocysts, ductal 
disruption resulting from pancreatic necrosis or trauma. For the pancreatic 
functional evaluation a semiquantitative assessment of the duodenal filling with 
pancreatic juice at 10th min after secretin application is performed by the fol-
lowing criteria: grade 0-missing duodenal filling; grade 1-only bulbus duodeni 
filling; grade 2-filling up to genu inferior duodeni; grade 3-fluid filling after genu 
inferior duodeni. Grade 0–2 is assumed to demonstrate reduced exocrine func-
tion. During S-MRCP volume of pancreatic output is predominantly measured. 
That is why sphincter of Oddi spasm or obstructive lesions may lead to false CP 
diagnosis. Because of the technique performance and duration the sensitivity 
could be reduced [35, 46–51].
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2.2.2 Pancreatic exocrine insufficiency assessment by indirect functional tests

Indirect pancreatic tests are available in clinical practice and are therefore 
more common. Indirect tests assess pancreatic exocrine function by quantifying 
pancreatic digestive ability or pancreatic enzyme levels in feces. The sensitivity and 
specificity of these indirect tests are variable and lower than the direct ones espe-
cially in mild and moderate PEI. From a methodological point of view, tests can be 
classified as oral and fecal tests.

In the oral tests, the substrate is given per os along with test meal. Pancreatic 
enzymes hydrolyze the substrate in the duodenum, and released metabolites are 
absorbed from the intestine, metabolized in the liver and therefore they can be 
measured in serum, urine or exhaled air. Various extrapancreatic causes could limit 
the accuracy of oral pancreatic tests, mainly by interfering with normal digestion: 
reduced gastric emptying, biliary secretion and/or intestinal absorption due to 
intestinal disease. Impaired gastric emptying may be affected by the administration 
of metoclopramide or another prokinetic (cisapride, domperidone etc.) [24, 35].

2.2.2.1 13C-mixed triglycerides breath test

The first oral test for fat malabsorption assessment is based on the use of radio-
active iodine 131triolein as a substrate. Modern oral tests use non-radioactive sub-
strates the mixed triglyceride test 13C-MTG-breath test, cholesteryl 13C-octanoate, 
13C-hyolein and 13C-triolein. Most commonly used and with the most optimal 
substrate is the only one optimized so far 13C-MTG breath test, which was intro-
duced into clinical practice by Vantrappen et al. in 1989 and develops as a simple 
alternative to fecal fat quantification. The test directly measures clinically the most 
significant effect of exocrine pancreatic function: degradation of triglycerides. 
Following the already explained metabolic pathway of the labeled substrate in oral 
tests, 13CO2 is released and eliminated together with the exhaled air and measured 
by near-infrared analysis or mass spectrometry. Patients with PEI have decreased 
lipase activity, which can be detected by reduced elimination of 13CO2 in the exhaled 
air. The 13C-MTG breath test sensitivity for PEI verification is higher than 90%. 
The current mostly adopted and used protocol is the one developed by Domínguez-
Muñoz et al. PEI is diagnosed if values are below 29%. The 13C-MTG breath test 
is an easy, non-invasive and accurate method of PEI diagnosis. The test is easily 
applicable in clinical practice and can be repeated as often as necessary. It is also 
used to monitor the enzyme replacement therapy [24, 52–56].

Fecal tests are based on the quantification of pancreatic enzyme concentration 
(fecal elastase-1) or activity (chymotrypsin) in feces. Enzymes are deactivated and 
diluted or concentrated during the intestinal passage, which should be taken into 
account when interpreting the results [24, 35].

2.2.2.2 Fecal chymotrypsin activity

The test is based on the determination of chymotrypsin activity in a single fecal 
sample. Fecal chymotrypsin activity lower than 3 U/g is indicative of PEI, but the 
sensitivity of the test is low. The test is normal in cases of mild CP and in about half 
of cases with moderate or severe pancreatitis. Significant disadvantages of the test 
are partial enzyme inactivation during gastrointestinal passage; reduced activity 
in patients with diarrhea. Quantitative determination of chymotrypsin in feces is 
an accessible way to assess patient complicity according to the taken replacement 
therapy as fecal chymotrypsin activity should be significantly increased if oral 
therapy is administered correctly [24, 35, 57].
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2.2.2.3 Fecal elastase-1

The protease elastase represents about 6% of the pancreatic enzyme secre-
tion. Determination of Fecal Elastase-1 (FE-1) is the most common PEI screening 
test as the enzyme is stable during passage through the gastrointestinal tract, its 
levels correlate with the secreted amount of the pancreas and the direct func-
tional assays. Even though the determination of FE-1 does not offer a significant 
advantage over other indirect functional tests, its easy conduction makes it a first 
step pancreatic function screening tool. FE-1 is determined by monoclonal or 
polyclonal antibodies ELISA tests. The advantage of monoclonal antibody test 
is its accuracy during enzyme replacement therapy intake. FE-1 concentrations 
below 200 μg/g feces indicate PEI, and severe PEI is considered if FE-1 is below 
100 μg/g (according to some authors below 50 or even 15 μg/g). The specificity of 
the test is 93%. Diagnostic sensitivity varies between 54 and 63% in mild pancre-
atic insufficiency and reaches 82–100% in moderate and severe form. Low levels 
of FE-1 correlate with morphological changes in CP, objectivized by ERCP and 
MRCP. Determination of FE-1 is very important and useful in children at the age 
of 2 months with cystic fibrosis. False positive FE-1 results have been reported in 
the presence of diarrhea, villous atrophy or a strict vegetarian diet prior to testing 
[24, 35, 57–62].

2.2.2.4 Steatorrhea-based methods

The amount of released fat in the feces indirectly reflects the degree of fat diges-
tion and thus the secretion of pancreatic lipase. The steatorrhea-based methods 
are divided into: qualitative (direct microscopy of Sudan III stained preparations), 
semiquantitative (steatocrit and semiquantitative determination by Sudan III stain-
ing) and quantitative (coefficient of fat absorption).

A single fecal sample is used for Sudan III staining. The methodology is based 
on the number and size of fat drops by high-power field (hpf). The accepted 
normal ranges are the presence of ≤20 fat drops sized 1–4 μm/hpf. Sudan staining 
has a sensitivity of up to 94% and 95% specificity for the diagnosis of abnormal fat 
 excretion [35, 63].

Steatocrit is a method for semi-quantitative measurement of fats in feces, 
expressed as a proportion of the fat content of a single centrifuged and homog-
enized feces sample. The single determination of acid steatocrit (normal values 
below 10%) has been shown to have 100% sensitivity for steatorrhea detection and 
95% specificity when compared to a 72-h quantitative fat assay [64, 65].

The most reliable and recommended steatorrhea detection method is the 72-h 
chemical analysis using the van de Kamer method. Many technique modifications 
have been made so far but still the disadvantages to use large amounts of acids and 
bases, the manual manipulation of the analysis, the need for additional equipment 
and specially trained staff remain. However, Near-Infrared Reflectance Analysis 
(NIRA) methodology, based on the relationship between the intensity of the 
refractive spectrum of the fecal specimen at a specific wave length and the sample 
composition, is an alternative, that simplifies and aids application of the study in 
clinical practice [24, 66].

The coefficient of fat absorption (CFA) is used for a better steatorrhea char-
acterization. The CFA is calculated by the following equation: CFA (%) = 100 × 
[(mean fat value − mean fat in feces)/average fat intake]. In healthy people CFA 
is usually over 80%. The technique has a number of disadvantages, that reduce its 
everyday applicability—a standard diet containing 80–120 g of fat daily for five 
consecutive days, collection of entire amount of feces from the last 3 days of the 
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2.2.2 Pancreatic exocrine insufficiency assessment by indirect functional tests

Indirect pancreatic tests are available in clinical practice and are therefore 
more common. Indirect tests assess pancreatic exocrine function by quantifying 
pancreatic digestive ability or pancreatic enzyme levels in feces. The sensitivity and 
specificity of these indirect tests are variable and lower than the direct ones espe-
cially in mild and moderate PEI. From a methodological point of view, tests can be 
classified as oral and fecal tests.

In the oral tests, the substrate is given per os along with test meal. Pancreatic 
enzymes hydrolyze the substrate in the duodenum, and released metabolites are 
absorbed from the intestine, metabolized in the liver and therefore they can be 
measured in serum, urine or exhaled air. Various extrapancreatic causes could limit 
the accuracy of oral pancreatic tests, mainly by interfering with normal digestion: 
reduced gastric emptying, biliary secretion and/or intestinal absorption due to 
intestinal disease. Impaired gastric emptying may be affected by the administration 
of metoclopramide or another prokinetic (cisapride, domperidone etc.) [24, 35].

2.2.2.1 13C-mixed triglycerides breath test

The first oral test for fat malabsorption assessment is based on the use of radio-
active iodine 131triolein as a substrate. Modern oral tests use non-radioactive sub-
strates the mixed triglyceride test 13C-MTG-breath test, cholesteryl 13C-octanoate, 
13C-hyolein and 13C-triolein. Most commonly used and with the most optimal 
substrate is the only one optimized so far 13C-MTG breath test, which was intro-
duced into clinical practice by Vantrappen et al. in 1989 and develops as a simple 
alternative to fecal fat quantification. The test directly measures clinically the most 
significant effect of exocrine pancreatic function: degradation of triglycerides. 
Following the already explained metabolic pathway of the labeled substrate in oral 
tests, 13CO2 is released and eliminated together with the exhaled air and measured 
by near-infrared analysis or mass spectrometry. Patients with PEI have decreased 
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2.2.2.3 Fecal elastase-1
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 excretion [35, 63].
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diet, inconvenience during feces storing in laboratories, low specificity (any other 
cause of maldigestion or malabsorption can lead to abnormal fecal fat excretion) 
[35, 67, 68].

2.2.2.5 Serum trypsin

The trypsin test is the only currently functional diagnostic test that can be 
performed in serum. Low concentrations of less than 20 ng/mL are specific for 
CP, but are only sensitive to advanced stage of disease. Levels ranged from 20 to 
29 are intermediate, but in some cases may point to an early CP. The sensitivity of 
the method varies with mild and severe stages of the disease and is between 33 and 
65% while the specificity is high. Another advantage of trypsin is that levels above 
150 ng/mL are indicative of pancreatic inflammation even in the case of normal 
amylase and lipase levels [69].

2.2.3 Evaluation of nutritional status as a PEI marker

Malnutrition is a major clinical consequence of PEI. Lindkvist et al. studied 
114 patients with CP (EUS, MRCP), 33% suffered from PEI according to 13C-MTG 
breath test. Hemoglobin, albumin, prealbumin and retinol-binding protein (RBP) 
levels below reference limit, magnesium less than 2.05 mg/dL and HbA1C above 
the upper reference limit are associated with PEI. A normal panel of these serum 
nutritional markers excludes PEI with a high negative predictive value. In case of an 
abnormality, these parameters serve as a marker for initiating PERT. Their follow-
up would indicate the need to adjust the dose of PERT [1, 4, 70].

2.2.4 Pancreatic exocrine insufficiency treatment

Fundamental aspects of PEI treatment, ensuring an optimal therapeutic effect, 
include pancreatic enzyme replacement therapy (PERT), smoking and alcohol 
consumption cessation, frequent small meals with a normal fats intake, fat-soluble 
vitamins and a systemic follow-up with respect to BMI and nutritional markers. The 
main aim of PEI treatment is, while compensating the lack of endogenous enzyme 
secretion including lipolysis, to avoid malabsorption and steatorrhea, decrease 
complications severity, and prevent the associated with malnutrition morbidity and 
mortality as well as disease progression [1, 7, 18, 20, 26, 71, 72].

Pancreatic enzyme preparations are extracts of porcine pancreas (pancrelipase 
or pancreatin) with main components: lipase, amylase, trypsin and chymotrypsin. 
Their alternatives are bovine enzymes, lipase of mushroom origin, bacterial lipase 
and human lipase. The pancreatic digestive enzymes in PERT are administered 
orally together with the meal to ensure the mixing of pancreatin with the humus 
[1, 7, 11, 18, 26, 27, 71, 73, 74].

Currently, the main formulations of the enzyme preparations are with immedi-
ate release, enteric-coated microspheres and minimicrospheres, enteric-coated 
microtablets and enteric-coated microspheres with bicarbonate buffer. The most 
widely used enzyme preparations are administered as acid-resistant enteric-coated 
minimicrospheres with a pH-related release. Currently, none of the approved 
enzyme supplements are specifically designed for use through percutaneous 
gastrostomy. In infants and patients who cannot swallow large capsules, opening 
the capsules in a small amount of acidic foods is an acceptable way to administer the 
drug [1, 2, 12, 75–77].

Although not systematically studied in clinical trials, based on recommenda-
tions from different national associations the starting dose of PERT ranges between 
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20,000 to 50,000 IU lipase per main course and half the dose per snacks, which 
corresponds to about 5–10% of the cumulative lipase activity in the duodenum 
after normal meal. PERT is well tolerated with no serious adverse events reported. 
Fibrosing colonopathy is the only serious complication associated with a high PERT 
dose. Cases of fibrosing colonopathy have been significantly reduced following the 
recommendation that PERT should not exceed 10,000 IU lipase/kg/day in patients 
since 1994 [6, 18, 20, 25, 78–82].

Of a great importance is to ensure patient’s compliance. If the signs or symptoms 
of maldigestion persist, the dose of PERT may be increased twice or three times. 
As e next step for optimal pH release of enzymes and to influence the precipitation 
of bile acids and prevent lipase degradation, proton pump inhibitors/antacids/H2 
blockers/prostaglandin analogs can be added. If PERT results are still insufficient, 
diagnosis revision is required in respect to concomitant and/or alternative causes for 
maldigestion (small intestine bacterial overgrowth, biliary salt deficiency, gastric 
resection, therapy with certain medications (nonsteroidal anti-inflammatory drugs, 
antacids). Up to 40% of PEI patients with CP have concomitant small intestinal 
bacterial overgrowth. Import of 35 kcal/kg/day is required as protein intake of 
1.0–1.5 g/kg/day is usually sufficient. Small frequent meals (4–8 times/day) are 
generally more tolerable than high-calorie meals due to the more effective mixing 
of the enzyme preparations with the humus. In the modern nutritional concept of 
PEI no fat restrictions are advisable to reduce the risk of weight loss and deficiency 
of fat-soluble vitamins. In addition, studies show that corresponding substance 
presence increases the half-life of the enzyme activity in small intestine [1, 5, 6, 18, 
20, 25, 27, 73, 83–87].

Oral, enteral and parenteral nutrition are needed in about 10–15, 5 and 1% of 
patients respectively, usually in case of disease complications (gastric obstruction) 
prior to surgery or for a short period of time in patients with advanced exocrine 
insufficiency [4, 20, 25, 79, 88, 89].

Alcohol and tobacco cessation are of a great importance as they are associated 
with development of pancreatic cancer, acute and chronic pancreatitis, deterioration 
of pancreatic exocrine function as shown by endoscopic functional tests in CP cases. 
Earlier development of calcified pancreatitis and diabetes mellitus are observed in 
patients with prolonged smoking. Physical activity and a healthy life style along with 
nutritional therapy should be encouraged for optimal outcome [1, 7, 20, 27, 90].

Most leading researchers recommend a reassessment of symptoms, BMI and 
serum malnutrition tests with long-term normalization of vitamin status for deter-
mining success of PEI treatment. In recent years, studies have shown widespread 
nutritional deficiencies (fat-soluble vitamins, prealbumin, retinol-binding protein 
(RBP), and magnesium) in patients with PEI with or without symptoms, which 
are associated with many risk factors, including malabsorption, diabetes mellitus 
and alcoholism. Protein markers prealbumin and RBP correlate with age, BMI, 
morphological changes, fat-soluble vitamins, albumin, hemoglobin, magnesium. 
According to the United European Gastroenterology evidence based guidelines for 
the diagnosis and therapy of CP (HaPanEU), PERT should be initiated in patients 
with PEI in the presence of clinical symptoms or nutritional deficiencies. By PERT 
optimization in patients with suboptimal dosage an improvement in the nutritional 
markers is observed [1, 7, 18, 20, 25, 26, 72, 79, 91–95].

Deficiency of vitamins A, D, E, K correlates with the severity of steatorrhea in 
patients with CP and PEI, but can be caused by various mechanisms, including fat 
malabsorption, suboptimal nutrition, higher losses or requirements, nutrient deple-
tion, antioxidant activity. Vitamin A, D, E and K deficiency are observed in 3, 53, 
10 and 63% of patients (Sikkens et al.) with no clinical manifestations of vitamin 
E deficiency in up to 75% of CP patients. It has been established that the severity 
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diet, inconvenience during feces storing in laboratories, low specificity (any other 
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of CP (according to the Cambridge classification) correlates with the bone mineral 
density of the spine and the femoral neck. Patients with CP regardless their exo-
crine status have more often than expected reduced bone mineral density as shown 
in a recent meta-analysis: 1 in 4 patients were diagnosed with osteoporosis and 2/3 
with osteopathy. Risk factors for fractures include female gender, older patients 
(the relative risk is higher in younger patients), smoking, alcohol consumption 
(60–150% greater risk than non-alcoholic CP patients), chronic inflammation, low 
BMI regardless of bone mineral density. The incidence of fractures after minimal 
trauma among CP patients is comparable and even higher than in patients with 
high-risk gastrointestinal diseases (Crohn’s disease, cirrhosis, celiac disease, after 
gastrectomy), for which guidelines for osteoporosis screening exists. The treatment 
of osteopathy should be carried out in accordance with up-to-date guidelines on the 
treatment of metabolic bone disease in the general population [2, 14, 16, 27, 28, 59, 
65, 96–103].

In addition to bone metabolism, vitamin D is a factor in the development of 
pancreatic fibrosis and atrophy, cardiovascular and autoimmune diseases, type 1 
and 2 diabetes mellitus, and contributes to an increased overall mortality [104, 105].

Due to insufficient protease secretion from the pancreas, vitamin B12 deficiency 
may occur. Micronutrient deficiencies have been reported as well: zinc (especially in 
diabetes mellitus), calcium (normal levels in patients receiving PERT), magnesium, 
thiamine and folic acid, riboflavin, choline, manganese, sulfur, copper and others 
[106–108].

The assessment of fat-soluble vitamins, minerals and trace elements and bone 
density should be monitored 1–2 times a year [109].

2.2.5 Cardiovascular risk evaluation

A recent study observed increased mortality in patients with PEI. Patients who 
died used to have a worse nutritional status. However, an optimal PERT is essen-
tial to reduce morbidity and mortality associated with CP. Maldigestion is associ-
ated with life-threatening complications such as cardiovascular, cachexia, which 
are related to low plasma levels of the cardioprotective HDL, apolipoprotein 
(apo) A-I and lipoprotein A (2). In a recent study in patients with CP who had not 
received PERT, mean triglyceride levels were found to be significantly higher in 
patients with PEI than those without PEI. According to randomized clinical trials, 
mean levels of cholesterol, HDL, LDL and triglycerides in patients with CP and 
PEI receiving PERT have been reported in reference ranges. Based on American, 
European and Canadian guidelines, a complex approach, including screening 
systems, lipid profile, apolipoproteins, is needed to properly assess cardiovascular 
risk. Apolipoprotein B as part of all atherogenic or potentially atherogenic parti-
cles including LDL, VLDL, IDL, lipoprotein (a) (each particle contains 1 molecule 
of apo B) provides direct measurement of all atherogenic lipoprotein particles in 
the circulation, which makes apo B more reliable indicator of cardiovascular risk 
than LDL. Clinical and epidemiological studies confirm that apo B and Apo B/
Apo A-I ratio are associated with a worse outcome in patients with cardiovascular 
diseases and are supposed to predict cardiovascular incidents more accurately 
than the routinely tested cholesterol, LDL, TC/HDL, non-HDL. The proposed 
cut-off values for Apo B/ApoA-I ratio predicting high cardiovascular risk (acute 
myocardial infarction) are 0.9 for men and 0.8 for women. In patients with Apo 
B/ApoA-I ratio higher than 0.9, higher triglyceride levels and plasma atherogenic 
index and lower apo E were found. A study demonstrates an increased risk of 
myocardial infarction using Apo B/Apo A-I ratio in patients with CP [1, 5, 7, 79, 
89, 110–131].
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Apolipoprotein A, which is the main apolipoprotein associated with HDL, has 
two forms—apo A-I and apo A-II. The levels of apolipoprotein A-I are strongly 
related to those of HDL and can serve for plasma HDL level determination. In 
a recent study, an impaired nutritional status with decreased prealbumin, RBP, 
hemoglobin, magnesium has been found to significantly relate to low apoA-I and 
apoA-II levels with a tendency of increased apo B/apo A-I ratio, which does not 
reach a significant value. Apolipoprotein C-III inhibits the lipolysis of triglyceride-
rich lipoproteins and complicates their elimination from the bloodstream. High 
levels of apolipoprotein C-III are associated with an increased risk of cardiovas-
cular events and atherogenesis. Lower apolipoprotein C-III levels are observed by 
morphological changes worsening in CP. The metabolic and inflammatory status 
in patients with CP can be traced with great accuracy by examining a protein panel 
of retinol binding protein, serum amyloid-alpha, Apo A-II, Apo A-I, Apo C-I, Apo 
C-II, Apo C-III and prealbumin, which are significantly more reduced than the 
controls (Hartmann et al.). The observed changes may be associated with underly-
ing malnutrition/cachexia, which phenomena are known in the modulation of the 
synthesis of acute phase proteins in acute or chronic disease [112, 119, 127, 128, 130, 
132–137].

2.3 Pancreatic endocrine insufficiency

In respect to its etiology, the diabetes mellitus (DM), which is caused by 
pancreatic diseases, is defined by the American Diabetes Association (ADA) and 
World Health Organization as pancreatogenic diabetes or Type 3c DM and is 
included in “other specific forms of diabetes” (ADA). About 5–10% of all diabetic 
patients in Western populations fulfill the criteria for pancreatogenic DM, of 
which circa 80% have underlying CP. The prevalence and clinical significance 
of DM secondary to CP has been recently underestimated. The median survival 
is 8.7 years after diagnosing type 3c DM. Chronic pancreatitis and DM are inde-
pendent risk factors for pancreatic cancer development. While the presence of 
anti-insulin antibodies and clinical or biochemical data on insulin resistance are 
associated with type 1 and 2 DM respectively, the pathogenesis of type 3c DM is 
very complex. According to the recommendations of Rickels MR et al. from the 
Pancreas Fest 2012, the following criteria for the diagnosis of type 3c DM were 
proposed. Major criteria (all must be fulfilled): (1) Pancreatic exocrine insuf-
ficiency. (2) Pathological pancreas imaging (EUS, MRI, CT). (3) Lack of type 1 
DM associated with the presence of autoantibodies. Minor criteria: (1) Impaired 
beta-cell function (HOMA-B, C-peptide/glucose ratio). (2) Lack of insulin resis-
tance (HOMA-IR). (3) Invasive secretion disorder (GLP-1, pancreatic polypep-
tide). (4) Low levels of serum fat-soluble vitamins (A, D, E, K). Because of loss of 
glucagon response to hypoglycemia and low carbohydrate levels (malabsorption; 
inadequate food intake due to pain, nausea and/or chronic alcohol abuse), patients 
with type 3c DM may experience frequent episodes of hypoglycemia, making the 
glucose control challenging. The course of the disease is further complicated by the 
presence of comorbidities such as maldigestion and accompanying malnutrition. 
Metformin, which is recommend as first-line treatment for type 2 DM by ADA 
and EASD, has been shown to reduce the risk of pancreatic cancer by 70% and the 
associated mortality, making metformin suitable therapeutic option for type 3c 
DM patients. The associated with an increased risk of developing pancreatitis as 
well as numerous gastrointestinal side effects (nausea, delayed gastric emptying, 
weight loss) GLP-1 analogues and DPP4-inhibitors should be avoided as long as 
their safety and benefits are proven. Impaired incretin hormone secretion can 
be normalized by supplementation with pancreatic enzymes, which is reflected 
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index and lower apo E were found. A study demonstrates an increased risk of 
myocardial infarction using Apo B/Apo A-I ratio in patients with CP [1, 5, 7, 79, 
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Apolipoprotein A, which is the main apolipoprotein associated with HDL, has 
two forms—apo A-I and apo A-II. The levels of apolipoprotein A-I are strongly 
related to those of HDL and can serve for plasma HDL level determination. In 
a recent study, an impaired nutritional status with decreased prealbumin, RBP, 
hemoglobin, magnesium has been found to significantly relate to low apoA-I and 
apoA-II levels with a tendency of increased apo B/apo A-I ratio, which does not 
reach a significant value. Apolipoprotein C-III inhibits the lipolysis of triglyceride-
rich lipoproteins and complicates their elimination from the bloodstream. High 
levels of apolipoprotein C-III are associated with an increased risk of cardiovas-
cular events and atherogenesis. Lower apolipoprotein C-III levels are observed by 
morphological changes worsening in CP. The metabolic and inflammatory status 
in patients with CP can be traced with great accuracy by examining a protein panel 
of retinol binding protein, serum amyloid-alpha, Apo A-II, Apo A-I, Apo C-I, Apo 
C-II, Apo C-III and prealbumin, which are significantly more reduced than the 
controls (Hartmann et al.). The observed changes may be associated with underly-
ing malnutrition/cachexia, which phenomena are known in the modulation of the 
synthesis of acute phase proteins in acute or chronic disease [112, 119, 127, 128, 130, 
132–137].

2.3 Pancreatic endocrine insufficiency

In respect to its etiology, the diabetes mellitus (DM), which is caused by 
pancreatic diseases, is defined by the American Diabetes Association (ADA) and 
World Health Organization as pancreatogenic diabetes or Type 3c DM and is 
included in “other specific forms of diabetes” (ADA). About 5–10% of all diabetic 
patients in Western populations fulfill the criteria for pancreatogenic DM, of 
which circa 80% have underlying CP. The prevalence and clinical significance 
of DM secondary to CP has been recently underestimated. The median survival 
is 8.7 years after diagnosing type 3c DM. Chronic pancreatitis and DM are inde-
pendent risk factors for pancreatic cancer development. While the presence of 
anti-insulin antibodies and clinical or biochemical data on insulin resistance are 
associated with type 1 and 2 DM respectively, the pathogenesis of type 3c DM is 
very complex. According to the recommendations of Rickels MR et al. from the 
Pancreas Fest 2012, the following criteria for the diagnosis of type 3c DM were 
proposed. Major criteria (all must be fulfilled): (1) Pancreatic exocrine insuf-
ficiency. (2) Pathological pancreas imaging (EUS, MRI, CT). (3) Lack of type 1 
DM associated with the presence of autoantibodies. Minor criteria: (1) Impaired 
beta-cell function (HOMA-B, C-peptide/glucose ratio). (2) Lack of insulin resis-
tance (HOMA-IR). (3) Invasive secretion disorder (GLP-1, pancreatic polypep-
tide). (4) Low levels of serum fat-soluble vitamins (A, D, E, K). Because of loss of 
glucagon response to hypoglycemia and low carbohydrate levels (malabsorption; 
inadequate food intake due to pain, nausea and/or chronic alcohol abuse), patients 
with type 3c DM may experience frequent episodes of hypoglycemia, making the 
glucose control challenging. The course of the disease is further complicated by the 
presence of comorbidities such as maldigestion and accompanying malnutrition. 
Metformin, which is recommend as first-line treatment for type 2 DM by ADA 
and EASD, has been shown to reduce the risk of pancreatic cancer by 70% and the 
associated mortality, making metformin suitable therapeutic option for type 3c 
DM patients. The associated with an increased risk of developing pancreatitis as 
well as numerous gastrointestinal side effects (nausea, delayed gastric emptying, 
weight loss) GLP-1 analogues and DPP4-inhibitors should be avoided as long as 
their safety and benefits are proven. Impaired incretin hormone secretion can 
be normalized by supplementation with pancreatic enzymes, which is reflected 
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in improved insulin secretion and glucose tolerance during meals. Adequate oral 
enzyme replacement affects steatorrhea, prevents malnutrition and metabolic 
complications. In patients with severe malnutrition, insulin therapy is a first-line 
of choice because of the anabolic effect of insulin. The association of low levels 
of vitamin D and poor glycemic control draws attention to the need to normal-
ize vitamin status in patients with type 3c DM. Diagnosis and monitoring of 
DM should be consistent with the endocrinology societies guidelines. Annually 
screening for type 3c DM by fasting glucose and HbA1c is of a great importance in 
patients with CP regardless the grade of pathological structural changes [18, 20, 
25, 31, 32, 122, 138–143].

3. Chronic pancreatitis complications and their management

3.1 Pancreatic cancer

Since the first report by Rocca et al. in 1987 for an increased incidence of 
pancreatic cancer (PC) in patients with CP, several epidemiological studies have 
identified that CP, mainly tropical and hereditary pancreatitis, is a major risk factor 
for pancreatic cancer development. Augustine et al. reported that PC is affecting 
8.3% of patients with CP with a roughly 100-fold higher incidence compared to 
patients without tropical pancreatitis. Younger patients are affected and have a 
worse outcome. In hereditary CP due to multiple PRSS1 mutations the lifetime risk 
for PC is 40–55% by the age of 70. Possible explanations for the increased neoplastic 
transformation risk are the onset of CP at younger age and its long duration. Various 
risk factors for PC development have been described, of which smoking is the major 
one. In a recent study, Hao et al. (2017) suggest that age at the onset of CP (hazard 
ratio, 1.05) and a > 60 pack-year smoking history (hazard ratio, 11.83) are PC risk 
factors. CP as an inflammatory disease is associated with higher cell turnover with/
without DNA damage, progressing to oncogenic mutations in K-ras, p16 and p53 
promoting metaplasia and neoplastic degeneration. Another well-known PC risk 
factor is diabetes mellitus. Ethanol and its metabolites are supposed to activate 
pancreatic stellate cells over-proliferation. They play a role in tumor progression 
and chemotherapy resistance. Moreover, cholecystokinin receptors are abnormally 
over-produced. Clinical features may mimic those of CP in early stages. When 
symptoms such as obstructive jaundice, pain, weight loss and worsening of diabetes 
appear, all of which are specific for malignancy, this generally indicates that the 
disease is at an advanced stage. The most investigated biomarker for malignancy 
prediction is CA 19–9 with 96.5–100% specificity. Based on metabolic biomarkers, 
Mayerle et al. (2018) introduce a novel approach for differential diagnose between 
CP and PC with an accuracy of 90% and a negative predictive value of 99.9%. Other 
promising markers are plasma micro-RNAs, monoclonal antibody PAM4, CD1D, 
which require further investigation. For the imaging diagnosis of PC, a CT scan is 
the technique of choice. Endoscopic ultrasound (EUS) could detect small pancreatic 
tumors in CP patients at a highest sensitivity compared to the available imaging and 
has the potential to detect early stage PC. The most appropriate cancer treatment 
(surgery, chemotherapy, radiation) depends on disease proliferation, defining the 
cancer as resectable, locally advanced or metastatic [144–149].

3.2 Pseudocysts

Pancreatic pseudocysts are common complication in CP with a frequency 
of 20–40%. The majority of patients are with alcoholic (70–80%) or idiopathic 
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etiology of CP (6–16%). The outcome of pseudocysts is assessed 6 weeks after 
acute episode occurring. In 40% of the pseudocysts there is a spontaneous 
resolution, another 40% of pseudocysts remain asymptomatic and in 20% of 
pseudocysts complications are observed (infection, rupture, bleeding, splenic 
vein thrombosis). Treatment is required if patients are symptomatic, if complica-
tions or obstruction of the stomach, duodenum or bile duct occur. Drainage of 
chronic pseudocysts may be performed by surgical, endoscopical or percutaneous 
approach. In asymptomatic pseudocysts with size above 5 cm, due to high pos-
sibility of complications, an endoscopical or surgical treatment is recommended. 
Percutaneous drainage should be avoided where possible. In chronic pseudocysts 
the endoscopical procedure is the treatment of choice due to lower mortality rate, 
improved quality of life and less length of hospitalization stay. Depending on 
size and localization, two endoscopic techniques are performed. A transpapillary 
approach should be considered in small pseudocysts with communication with the 
main pancreatic duct. The transmural approach (cystogastrostomy) is similar to 
the management of walled-off necrosis. It is more successful under echoendoscopic 
guidance. Double-pigtail plastic stents for at least 2 months are used for pseudocyst 
drainage. If a malignant genesis of the pseudocyst is suspected, surgery should 
follow [148, 150–156].

3.3 Splenic vein thrombosis

In 1920 Hirschfeldt first reported splenic vein thrombosis (SVT) as a pancre-
atitis consequence. Secondary involvement of the splenic vein endothelium by a 
nearby inflammation, compression by a pseudocyst or enlarged retroperitoneal/
pancreatic lymph nodes or initial injury could result in a splenic vein thrombosis 
and obstruction. The incidence of SVT in patients with CP is 1.5–41.6%. Sinistral 
portal hypertension and collateral development resulting in gastric and/or esopha-
geal varices are major risk factor for bleeding. Splenomegaly is reported in 42–54% 
of patients. Most patients are asymptomatic. Clinical features include gastrointes-
tinal bleeding in 12.3% of cases and abdominal pain. SVT is diagnosed primary by 
contrast-enhanced CT scan and/or upper endoscopy. Venous phase angiography 
is the gold standard confirmatory test, which could verify obstruction and col-
laterals routes. Based on the widely available CT scan most patients nowadays are 
diagnosed asymptomatic. The SVT management depends on existing symptoms 
including hypersplenic syndrome and history of variceal bleeding, which might 
require splenectomy with venous collateral outflow elimination and further variceal 
decompression. Gastric varices should be treated endoscopically by sclerotherapy, 
gastric banding [148, 157–162].

3.4 Duodenal obstruction

The duodenal obstruction is a rare complication in CP patients (1%) due to 
the anatomical relationship between the duodenum and the head of the pancreas. 
However, when analyzing operated patients with CP, the incidence of duodenal 
obstruction is higher—12%. Two types of obstruction are observed—transients 
during acute pancreatitis episodes and fixed by pseudocyst compression (dis-
cussed above) or fibrosclerotic process. Paraduodenal or groove pancreatitis 
is a rare clinic-pathological focal type of CP. The reported incidence of groove 
pancreatitis in resected CP patients ranges between 2.7 and 24.5%. It was first 
described by Becker in 1973 as a segmental pancreatitis. In 2004 Adsav and 
Zamboni unify the previously described terms under paraduodenal pancre-
atitis. The proposed pathophysiological mechanisms comprise functional/
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in improved insulin secretion and glucose tolerance during meals. Adequate oral 
enzyme replacement affects steatorrhea, prevents malnutrition and metabolic 
complications. In patients with severe malnutrition, insulin therapy is a first-line 
of choice because of the anabolic effect of insulin. The association of low levels 
of vitamin D and poor glycemic control draws attention to the need to normal-
ize vitamin status in patients with type 3c DM. Diagnosis and monitoring of 
DM should be consistent with the endocrinology societies guidelines. Annually 
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patients with CP regardless the grade of pathological structural changes [18, 20, 
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3. Chronic pancreatitis complications and their management
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Since the first report by Rocca et al. in 1987 for an increased incidence of 
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identified that CP, mainly tropical and hereditary pancreatitis, is a major risk factor 
for pancreatic cancer development. Augustine et al. reported that PC is affecting 
8.3% of patients with CP with a roughly 100-fold higher incidence compared to 
patients without tropical pancreatitis. Younger patients are affected and have a 
worse outcome. In hereditary CP due to multiple PRSS1 mutations the lifetime risk 
for PC is 40–55% by the age of 70. Possible explanations for the increased neoplastic 
transformation risk are the onset of CP at younger age and its long duration. Various 
risk factors for PC development have been described, of which smoking is the major 
one. In a recent study, Hao et al. (2017) suggest that age at the onset of CP (hazard 
ratio, 1.05) and a > 60 pack-year smoking history (hazard ratio, 11.83) are PC risk 
factors. CP as an inflammatory disease is associated with higher cell turnover with/
without DNA damage, progressing to oncogenic mutations in K-ras, p16 and p53 
promoting metaplasia and neoplastic degeneration. Another well-known PC risk 
factor is diabetes mellitus. Ethanol and its metabolites are supposed to activate 
pancreatic stellate cells over-proliferation. They play a role in tumor progression 
and chemotherapy resistance. Moreover, cholecystokinin receptors are abnormally 
over-produced. Clinical features may mimic those of CP in early stages. When 
symptoms such as obstructive jaundice, pain, weight loss and worsening of diabetes 
appear, all of which are specific for malignancy, this generally indicates that the 
disease is at an advanced stage. The most investigated biomarker for malignancy 
prediction is CA 19–9 with 96.5–100% specificity. Based on metabolic biomarkers, 
Mayerle et al. (2018) introduce a novel approach for differential diagnose between 
CP and PC with an accuracy of 90% and a negative predictive value of 99.9%. Other 
promising markers are plasma micro-RNAs, monoclonal antibody PAM4, CD1D, 
which require further investigation. For the imaging diagnosis of PC, a CT scan is 
the technique of choice. Endoscopic ultrasound (EUS) could detect small pancreatic 
tumors in CP patients at a highest sensitivity compared to the available imaging and 
has the potential to detect early stage PC. The most appropriate cancer treatment 
(surgery, chemotherapy, radiation) depends on disease proliferation, defining the 
cancer as resectable, locally advanced or metastatic [144–149].

3.2 Pseudocysts

Pancreatic pseudocysts are common complication in CP with a frequency 
of 20–40%. The majority of patients are with alcoholic (70–80%) or idiopathic 
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etiology of CP (6–16%). The outcome of pseudocysts is assessed 6 weeks after 
acute episode occurring. In 40% of the pseudocysts there is a spontaneous 
resolution, another 40% of pseudocysts remain asymptomatic and in 20% of 
pseudocysts complications are observed (infection, rupture, bleeding, splenic 
vein thrombosis). Treatment is required if patients are symptomatic, if complica-
tions or obstruction of the stomach, duodenum or bile duct occur. Drainage of 
chronic pseudocysts may be performed by surgical, endoscopical or percutaneous 
approach. In asymptomatic pseudocysts with size above 5 cm, due to high pos-
sibility of complications, an endoscopical or surgical treatment is recommended. 
Percutaneous drainage should be avoided where possible. In chronic pseudocysts 
the endoscopical procedure is the treatment of choice due to lower mortality rate, 
improved quality of life and less length of hospitalization stay. Depending on 
size and localization, two endoscopic techniques are performed. A transpapillary 
approach should be considered in small pseudocysts with communication with the 
main pancreatic duct. The transmural approach (cystogastrostomy) is similar to 
the management of walled-off necrosis. It is more successful under echoendoscopic 
guidance. Double-pigtail plastic stents for at least 2 months are used for pseudocyst 
drainage. If a malignant genesis of the pseudocyst is suspected, surgery should 
follow [148, 150–156].

3.3 Splenic vein thrombosis

In 1920 Hirschfeldt first reported splenic vein thrombosis (SVT) as a pancre-
atitis consequence. Secondary involvement of the splenic vein endothelium by a 
nearby inflammation, compression by a pseudocyst or enlarged retroperitoneal/
pancreatic lymph nodes or initial injury could result in a splenic vein thrombosis 
and obstruction. The incidence of SVT in patients with CP is 1.5–41.6%. Sinistral 
portal hypertension and collateral development resulting in gastric and/or esopha-
geal varices are major risk factor for bleeding. Splenomegaly is reported in 42–54% 
of patients. Most patients are asymptomatic. Clinical features include gastrointes-
tinal bleeding in 12.3% of cases and abdominal pain. SVT is diagnosed primary by 
contrast-enhanced CT scan and/or upper endoscopy. Venous phase angiography 
is the gold standard confirmatory test, which could verify obstruction and col-
laterals routes. Based on the widely available CT scan most patients nowadays are 
diagnosed asymptomatic. The SVT management depends on existing symptoms 
including hypersplenic syndrome and history of variceal bleeding, which might 
require splenectomy with venous collateral outflow elimination and further variceal 
decompression. Gastric varices should be treated endoscopically by sclerotherapy, 
gastric banding [148, 157–162].

3.4 Duodenal obstruction

The duodenal obstruction is a rare complication in CP patients (1%) due to 
the anatomical relationship between the duodenum and the head of the pancreas. 
However, when analyzing operated patients with CP, the incidence of duodenal 
obstruction is higher—12%. Two types of obstruction are observed—transients 
during acute pancreatitis episodes and fixed by pseudocyst compression (dis-
cussed above) or fibrosclerotic process. Paraduodenal or groove pancreatitis 
is a rare clinic-pathological focal type of CP. The reported incidence of groove 
pancreatitis in resected CP patients ranges between 2.7 and 24.5%. It was first 
described by Becker in 1973 as a segmental pancreatitis. In 2004 Adsav and 
Zamboni unify the previously described terms under paraduodenal pancre-
atitis. The proposed pathophysiological mechanisms comprise functional/
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anatomical obstruction of papilla minor, Brunner’s gland hyperplasia around 
papilla minor, heterotopic intraduodenal pancreatic tissue or ductal variation. 
Two types paraduodenal pancreatitis are defined–cystic and solid. The cystic 
type is common with localization in the submucosa or lamina propria. The size 
may reach 10 cm, resulting in a bile duct obstruction. The solid type is rare and 
includes sheet-like and mass-like subtypes. According to several retrospective 
studies, the risk groups for paraduodenal pancreatitis development are middle-
aged men with alcohol consumption. Acute manifestation complains include 
postprandial abdominal pain (90–100%), nausea and vomiting (20%), gastric 
outlet syndrome. Chronic manifestations are weight loss (90%) and jaundice 
(20%). Perforation, bleeding, malignant degeneration of heterotopic pancreas are 
reported rare complications. EUS and MRCP are the preferred imaging methods 
for diagnostic evaluation. Treatment is based on a stepwise approach: (1) con-
servative treatment (analgesics, infusions, PPI, PERT, enteral nutrition, soma-
tostatin analogues); (2) endoscopic treatment; (3) surgery (Whipple procedure, 
pancreaticoduodenectomy, suprapapillar duodenal resection in isolated duodenal 
dystrophy, palliative gastrojejunostomy) [8, 148, 163–170].

3.5 Biliary obstruction

The incidence of distal common bile duct obstruction in patients with advanced 
chronic predominantly calcific pancreatitis with frequent acute episodes ranges 
from 3 to 46%. Pseudocysts are considered more as a risk factor than as a cause. 
Patients may be asymptomatic or with various spectrum of complains and 
 complications—pain, jaundice (transient or persistent for longer than 1 month), 
cholangitis and even sepsis, long-term risk of secondary biliary cirrhosis. 
Hyperbilirubinemia and twofold elevation of alkaline phosphatase levels for more 
than a month are used as reliable laboratory markers for common bile duct obstruc-
tion. CT scan provides information for the structural changes with high specificity 
and sensitivity. Based on the Caroli and Nora criteria, most patients with common 
bile duct stricture and CP are classified as type I and III. The treatment of choice 
depends on presence and severity and duration of symptoms; suspected malignant 
degeneration. To prevent progression to secondary biliary cirrhosis in patients with 
progressively increased alkaline phosphatase levels or persistent/with frequent 
relapses hyperbilirubinemia, endoscopic biliary stenting with self-expanding metal 
stents or multiple plastic stents or surgical procedures (pancreaticoduodenectomy, 
choledochojejunostomy, choledochoduodenostomy, hepaticojejunostomy) are 
required [148, 171–173].

3.6 Pseudoaneurysm

Pancreatic pseudoaneurysm as a rare life-threatening chronic pancreatitis 
complication occurs in 10% of patients, most often in those with pseudocysts. The 
pseudoaneurysm represents fibrous tissue containing hematoma and is mainly 
induced by enzymatic autodigestion or eroding of the nearby vessels, most frequent 
affecting the splenic artery. Most patients are asymptomatic, however, the first 
clinical manifestation might be bleeding caused by pseudoaneurysm rupture into 
gastrointestinal tract or other adjacent anatomic structures—peritoneal cavity, 
retroperitoneum, biliopancreatic ducts (hemosuccus pancreaticus). Shock and mul-
tiorgan failure further complicate the rupture. The mortality rate is about 40% and 
higher (90–100%) if pseudoaneurysm remains untreated. Worst outcome results 
have been shown in patients with pseudoaneurysm localization in the pancreas 
head. Angiography is the diagnostic tool of choice. Patients are nowadays treated 
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surgical, endovascular, by angioembolization and/or by percutaneous ultraso-
nographically guided thrombin injection. Treatment in diagnosed asymptomatic 
patients is recommended [174–179].

3.7 Pancreatic duct stones

In about 50% of patients chronic inflammation, gene predisposition and alcohol 
intake as a key cause change the pancreatic juice composition with pancreatic stone 
protein levels reduction, leading to formation of a nucleus with calcium deposi-
tion layers and later formation of a stone. The pancreatic duct stones are classified 
according to their number, localization and density to single or multiple calculi; 
stones in the pancreatic head, body and/or tail; localized in the main pancreatic 
duct, side-branches and/or parenchyma; radiopaque positive (the majority of 
cases), negative or mixed stones. The main pathological consequence is the duct 
obstruction with upstream dilatation, followed by ductal hypertension, which 
results in pain episodes, exocrine insufficiency due to reduce pancreatic juice flow 
into duodenum and impaired quality of life. Pancreatic duct stones are diagnosed 
by ERCP, CT or MRCP. However, MRCP is superior to ERCP for diagnosis as MRCP 
is a non-invasive alternative with no complications, providing detailed information 
about duct system and stone formations. Calculi removal could be performed by 
extracorporeal shock wave lithotripsy (ESWL), endoscopic techniques and surgery. 
According to the European Society of Gastrointestinal Endoscopy guidelines, 
first-line therapy for painful uncomplicated CP is ESWL combined or not with 
ERCP followed by spontaneous expulsion or endoscopic extraction of less than 
3 mm fragments. However, ESWL should be performed in centers with ESWL 
expertise. Best results from endoscopic techniques are observed in patients with 
early stages of CP with infrequent pain attacks, when calculi are less than 5 mm 
and have head localization with upstream main pancreatic duct dilatation. Alcohol 
and tobacco cessation improve the long-lasting results. Endoscopic techniques 
include ERCP followed by pancreatic sphincterotomy; stone retrieval with a bal-
loon, Dormia basket and/or forceps; dilatation and stent placement; mechanical 
lithotripsy. Endoscopy procedures together with ESWL improve the success to up 
to 90%. Direct visualization by pancreatoscopy followed by intraductal lithotripsy 
(Spyglass system) might be a future procedure of choice but today its use is limited. 
Surgery should be performed in patients with large or multiple calculi and stric-
tures, after unsuccessful prior endoscopy or ESWL procedures, as well as in those 
with no pain relief [8, 180–183].

4. Quality of life

With disease progression, patients with CP report for impaired overall quality 
of life. Many studies are conducted to investigate the contributing factors, leading 
to low QoL. Pain significantly correlates with overall health status, physical and 
mental subscales. Researchers emphasize the role of severity in contrast to pain 
frequency and pathophysiology. A large study of Machiado et al., including 1024 
CP patients, highlights constant pain as well as inability due to pain, smoking status 
and concomitant co-morbidities to worsen significantly QoL with negative influ-
ence on both physical and mental domains, leading to worsened social and family 
status and health resource utilization. Other assumed factors, which importance 
differs among the literature data, are disease duration, young age, women, tobacco 
and alcohol intake, underweight, pancreatic structural changes DM, PEI, prior 
endoscopic or surgical treatments. Psychologically conditioned disturbances 
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anatomical obstruction of papilla minor, Brunner’s gland hyperplasia around 
papilla minor, heterotopic intraduodenal pancreatic tissue or ductal variation. 
Two types paraduodenal pancreatitis are defined–cystic and solid. The cystic 
type is common with localization in the submucosa or lamina propria. The size 
may reach 10 cm, resulting in a bile duct obstruction. The solid type is rare and 
includes sheet-like and mass-like subtypes. According to several retrospective 
studies, the risk groups for paraduodenal pancreatitis development are middle-
aged men with alcohol consumption. Acute manifestation complains include 
postprandial abdominal pain (90–100%), nausea and vomiting (20%), gastric 
outlet syndrome. Chronic manifestations are weight loss (90%) and jaundice 
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reported rare complications. EUS and MRCP are the preferred imaging methods 
for diagnostic evaluation. Treatment is based on a stepwise approach: (1) con-
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pancreaticoduodenectomy, suprapapillar duodenal resection in isolated duodenal 
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The incidence of distal common bile duct obstruction in patients with advanced 
chronic predominantly calcific pancreatitis with frequent acute episodes ranges 
from 3 to 46%. Pseudocysts are considered more as a risk factor than as a cause. 
Patients may be asymptomatic or with various spectrum of complains and 
 complications—pain, jaundice (transient or persistent for longer than 1 month), 
cholangitis and even sepsis, long-term risk of secondary biliary cirrhosis. 
Hyperbilirubinemia and twofold elevation of alkaline phosphatase levels for more 
than a month are used as reliable laboratory markers for common bile duct obstruc-
tion. CT scan provides information for the structural changes with high specificity 
and sensitivity. Based on the Caroli and Nora criteria, most patients with common 
bile duct stricture and CP are classified as type I and III. The treatment of choice 
depends on presence and severity and duration of symptoms; suspected malignant 
degeneration. To prevent progression to secondary biliary cirrhosis in patients with 
progressively increased alkaline phosphatase levels or persistent/with frequent 
relapses hyperbilirubinemia, endoscopic biliary stenting with self-expanding metal 
stents or multiple plastic stents or surgical procedures (pancreaticoduodenectomy, 
choledochojejunostomy, choledochoduodenostomy, hepaticojejunostomy) are 
required [148, 171–173].

3.6 Pseudoaneurysm

Pancreatic pseudoaneurysm as a rare life-threatening chronic pancreatitis 
complication occurs in 10% of patients, most often in those with pseudocysts. The 
pseudoaneurysm represents fibrous tissue containing hematoma and is mainly 
induced by enzymatic autodigestion or eroding of the nearby vessels, most frequent 
affecting the splenic artery. Most patients are asymptomatic, however, the first 
clinical manifestation might be bleeding caused by pseudoaneurysm rupture into 
gastrointestinal tract or other adjacent anatomic structures—peritoneal cavity, 
retroperitoneum, biliopancreatic ducts (hemosuccus pancreaticus). Shock and mul-
tiorgan failure further complicate the rupture. The mortality rate is about 40% and 
higher (90–100%) if pseudoaneurysm remains untreated. Worst outcome results 
have been shown in patients with pseudoaneurysm localization in the pancreas 
head. Angiography is the diagnostic tool of choice. Patients are nowadays treated 
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surgical, endovascular, by angioembolization and/or by percutaneous ultraso-
nographically guided thrombin injection. Treatment in diagnosed asymptomatic 
patients is recommended [174–179].

3.7 Pancreatic duct stones

In about 50% of patients chronic inflammation, gene predisposition and alcohol 
intake as a key cause change the pancreatic juice composition with pancreatic stone 
protein levels reduction, leading to formation of a nucleus with calcium deposi-
tion layers and later formation of a stone. The pancreatic duct stones are classified 
according to their number, localization and density to single or multiple calculi; 
stones in the pancreatic head, body and/or tail; localized in the main pancreatic 
duct, side-branches and/or parenchyma; radiopaque positive (the majority of 
cases), negative or mixed stones. The main pathological consequence is the duct 
obstruction with upstream dilatation, followed by ductal hypertension, which 
results in pain episodes, exocrine insufficiency due to reduce pancreatic juice flow 
into duodenum and impaired quality of life. Pancreatic duct stones are diagnosed 
by ERCP, CT or MRCP. However, MRCP is superior to ERCP for diagnosis as MRCP 
is a non-invasive alternative with no complications, providing detailed information 
about duct system and stone formations. Calculi removal could be performed by 
extracorporeal shock wave lithotripsy (ESWL), endoscopic techniques and surgery. 
According to the European Society of Gastrointestinal Endoscopy guidelines, 
first-line therapy for painful uncomplicated CP is ESWL combined or not with 
ERCP followed by spontaneous expulsion or endoscopic extraction of less than 
3 mm fragments. However, ESWL should be performed in centers with ESWL 
expertise. Best results from endoscopic techniques are observed in patients with 
early stages of CP with infrequent pain attacks, when calculi are less than 5 mm 
and have head localization with upstream main pancreatic duct dilatation. Alcohol 
and tobacco cessation improve the long-lasting results. Endoscopic techniques 
include ERCP followed by pancreatic sphincterotomy; stone retrieval with a bal-
loon, Dormia basket and/or forceps; dilatation and stent placement; mechanical 
lithotripsy. Endoscopy procedures together with ESWL improve the success to up 
to 90%. Direct visualization by pancreatoscopy followed by intraductal lithotripsy 
(Spyglass system) might be a future procedure of choice but today its use is limited. 
Surgery should be performed in patients with large or multiple calculi and stric-
tures, after unsuccessful prior endoscopy or ESWL procedures, as well as in those 
with no pain relief [8, 180–183].

4. Quality of life

With disease progression, patients with CP report for impaired overall quality 
of life. Many studies are conducted to investigate the contributing factors, leading 
to low QoL. Pain significantly correlates with overall health status, physical and 
mental subscales. Researchers emphasize the role of severity in contrast to pain 
frequency and pathophysiology. A large study of Machiado et al., including 1024 
CP patients, highlights constant pain as well as inability due to pain, smoking status 
and concomitant co-morbidities to worsen significantly QoL with negative influ-
ence on both physical and mental domains, leading to worsened social and family 
status and health resource utilization. Other assumed factors, which importance 
differs among the literature data, are disease duration, young age, women, tobacco 
and alcohol intake, underweight, pancreatic structural changes DM, PEI, prior 
endoscopic or surgical treatments. Psychologically conditioned disturbances 
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(depression, anxiety etc.) are linked most often to alcohol abuse and might lead to 
pain manifestation and impaired QoL. A study, which enrolled non-alcoholic CP 
patients, significant depressive syndromes were associated with poor QoL. By the 
newest concepts, the quality of life assessment is an essential part of the monitoring 
and the outcome in patients with CP. The European Organization for Research and 
Treatment of Cancer (EORTC QLQ ) has developed a quality of life questionnaire, 
containing 30 questions (EORTC QLQ-C30), including an additional question 
about steatorrhea. The questionnaire correlates with body weight gain and a 
reduced number of daily defecations related to malnutrition and maldigestion. The 
quality of life improved after adequate dosing in both newly diagnosed and patients 
receiving suboptimal PERT. Later, an additional panel of 26 questions concern-
ing pancreatic cancer patients (PAN26) was developed. In the United European 
Gastroenterology evidence based guidelines for the diagnosis and therapy of CP 
(HaPanEU), quality of life including pain should be assessed through validated 
questionnaires (SF-12, SF-36, EORTC QLQ C-30, GIQLI). However, effort should 
be point at improvement of variable factors as psychological status, tobacco, alcohol 
consumption and nutritional deficiencies in respect to improve QoL and further to 
delay disease progression, using therapeutic education and physical rehabilitation, 
behavioral support and medication [6, 99, 184–190].

5. Conclusion

Chronic pancreatitis is a progressive fibro-inflammatory syndrome, leading to 
abdominal pain and later to endocrine and exocrine insufficiency. Patients with CP 
might suffer a wide variety of complications, including pancreatic cancer, splenic 
vein thrombosis, pseudocysts, duodenal or biliary obstruction, pancreatic calculi, 
pseudoaneurysm and cardiovascular events. Proper individual up-to-date approach 
to diagnosis, treatment and follow-up of patients with CP are of fundamental 
importance to improve symptoms, detect early risk factors and reduce complica-
tions, which are associated with high mortality rate, and ensure better quality 
of life. Screening strategies development and their introduction into the clinical 
practice should be encouraged.
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Abstract

The incidence of acute pancreatitis is increasing in children and it should be con-
sidered as part of differential diagnosis in case of abdominal pain. The etiology of 
acute pancreatitis in this subpopulation is related to several conditions and risk fac-
tors, such as drugs, obesity, infections, trauma and anatomic abnormalities. In older 
children abdominal pain is the first symptom in more than 90% of cases, where as 
in younger children vomiting represents an early clinical manifestation. Diagnosis is 
based on laboratory investigation, such as serum levels of lipase, and imaging find-
ings (ultrasonography, CT scanning or MRI) such as detecting edema, hemorrage 
or necrosis of pancreatic parenchyma or in peripancreatic fat. Treatments for adults 
and children are similar. Rapid and accurate assessment of the severity of pancreati-
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100,000 per children per year, which is within of the range of incidence reported 
for adult AP. Genetic contributions to the development of pancreatitis, especially 
in acute recurrent and chronic pancreatitis are now increasingly recognized. There 
are no evidence-based diagnostic guidelines for pancreatic disorders in children. 
The diagnosis criteria are based on symptoms, biochemical and imaging evidence 
of pancreatitis, with two of the three criteria required to diagnose AP. A multicenter 
effort led by INSPPIRE (INternational Study Group of Pediatric Pancreatitis: In 
Search for a CuRE) defined AP as requiring 2 of: (1) abdominal pain compatible 
with AP, (2) serum amylase and/or lipase values ≥3 times upper limits of normal, 
(3) imaging findings consistent with AP. Although abdominal pain is the most com-
mon clinical manifestation, it may be absent in up to one third of pediatric patients. 
The diagnostic yield and concordances for serum pancreatic enzymes and imaging 
for the diagnosis of pediatric AP will be discusses. Pediatric AP is associated with 
significant disease burden. There is currently no consensus on the definition for 
severity of AP in children. However, there are now predictors of severity for AP 
that has been developed and validated in children. The management of AP remains 
driven by adult studies and recommendations. Treatment is directed at the underly-
ing etiologies as well as supportive measures.

2.1 Etiology

While alcohol and gallstones represent the main causes of acute pancreatitis 
in adult population, the etiological scenario of acute pancreatitis is mostly due 
to drugs, infectious diseases, congenital abnormalities or trauma (Table 1). 
Furthermore etiological factors may vary considerably according with ethnicity.

2.1.1 Infections

Pediatric acute pancreatitis is associated with paramyxovirus or mycoplasma 
infections. Mumps virus induces parotitis and orchitis in pediatric population and 
may be complicated by meningoencephalitis or pancreatitis. In the latter case clini-
cal manifestations are represented by usually self-limiting diarrhea and abdominal 
pain. Mycoplasma infection-related pancreatitis can be distinguished into two types: 
early onset type and late-onset type following respiratory tract symptoms begin-
ning. This different onset spectrum is due to a direct injury of mycoplasma into the 
acinar cells in the former type while to an autoantibodies targeting in the latter [2].

2.1.2 Congenital abnormalities

Chole-dochal cyst constitutes the most principal cause of AP. In case of abnor-
mal junction between pancreatic and biliary ducts the sphincter of Oddi encircles 

Common Less common Rare

Biliary disorders Infections Autoimmune pancreatitis

Systemic conditions Metabolic diseases Anatomic pancreatobiliary abnormalities

Medications Genetic/hereditary

Trauma

Idiopathic

Table 1. 
Causes of acute pancreatitis in children.
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a single channel leading to bile reflux into the Wirsung duct is communication 
between in course of sphincter contraction or bilestone impingement in the com-
mon channel [3].

2.1.3 Drugs and chemotherapeutic agents

Drug-induced acute pancreatitis accounts for 21% of all cases in pediatric 
population. Valproic acid, radiocontrast and corticosteroids can induce pancreatitis 
in the context of epilepsy or inflammatory bowel diseases [4].

L-asparaginase-associated pancreatitis (AAP) occurs in 0.7–24% of children 
treated for acute lymphoblastic leukemia with mortality rates of 2–5%. Older 
children demonstrate an high risk for developing acute pancreatitis and if it occurs 
they could experience cancer recurrence [5].

2.1.4 Trauma

Pediatric pancreatic injuries are uncommon and can be mostly ascribed to 
vehicle accidents. Anyway because of its retroperitoneal location pancreas is pre-
served in case of minor abdominal traumas and a pancreatic transection can occur 
clinically silent [6].

2.2 Pathophysiology

Acute pancreatitis is due to an organ injury with a subsequent inflammatory 
response that may involve both adjacent and distant structures. The first pathoge-
netic event may be represented by an acinar cell injury (Figure 1) that produces 
pancreatic edema with the activation of the inflammatory pathway. The release of 
cytokines and chemokines leads to a systemic inflammatory response (SIRS) and to 
complications such as pancreatic necrosis, shock and distant organ failure.

Several hypotheses have been advanced explaining the mechanism of this acinar 
cell damage. The autodigestion model focused on a premature calcium-mediated 
intracellular trypsinogen activation in trypsin (Figure 1). Trypsin then activates 
digestive enzymes that mediate acinar cell injury. On the other hand, recent studies 
in animal models of AP highlight the pathogenetic role of colocalized zymogens and 
lysosomes, intra acinar activation of zymogens, nuclear factor-κb activation and 
inhibition of secretion [7].

Figure 1. 
Pathophysiology of acute pancreatitis.
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2.3 Diagnosis

The diagnosis of AP in children depends on clinical manifestations, laboratory 
tests, and imaging. Moreover a careful estimation of severity is fundamental for 
establish the most appropriate treatment (Figure 2).

2.3.1 Clinical features

There are differences in clinical onset and natural course between adults and 
children. Acute pancreatitis symptoms are non-specific and depend on child’s 
age and developmental level. Abdominal pain is typically epigastric but it can be 
localized to the right upper quadrant or left upper one. It can occur constantly 
or intermittently, with radiation to the back. The pain is dull, boring and deep. 
Pancreatitis should be suspected in all pediatric patients who experience, as isolated 
or combined symptoms, abdominal pain, nausea and/or vomit, the latter due to 
peripancreatic inflammation extended to the gastric wall [8].

Figure 2. 
Pediatric acute pancreatitis diagnostic flow chart.
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2.3.2 Biochemical tests

The increased serum levels of amylase enzyme greater than three upper limits 
of normal are also detected in case of pancreatobiliary tract obstruction and 
perforative peritonitis, in addition to salivary gland pathologies and renal failure. 
Therefore this parameter is associated with a low specificity. On the other hand 
serum lipase levels have a sensitivity of 86.5–100% and specificity of 84.7–99.0%. 
In case of severe pancreatitis, serum lipase levels seven times higher than normal 
have been detected within the first 24 h. It is important to underline that in case of 
drug-induced acute pancreatitis serum amylase may not be elevate [9]. In addition, 
we may consider other chemistry panels to define a diagnosis like serum calcium, 
electrolytes, urea nitrogen, creatinine, transaminases, albumin, bilirubin, triglycer-
ides and blood cell count [10].

2.3.3 Diagnostic imaging

Transabdominal ultrasound is the diagnostic study of choice to evaluate biliary 
tree abnormalities in children. In pediatric age pancreatic head tend to be larger 
than body and tail and this is a potentially confounding feature that may lead to a 
misdiagnosis. Diffuse or focal enlargement of the pancreatic gland may be pres-
ent in AP and is attributable to edema. Echogenicity is a variable feature in case of 
pediatric pancreatitis, however hypoechogenicity is frequently seen.

One of the most valid radiological finding is represented by the dilatation of 
the pancreatic duct (1–6 years old, >1.5 mm; 7–12 years old, >1.9 mm; 13–18 years, 
>2.2 mm). Poorly defined borders or localized intraparenchymal fluid collection are 
usually detected at ultrasound imaging in the acute setting.

Parenchymal hypodensities, heterogeneity, irregularity of the glandular margins 
and inflammatory changes in the peripancreatic fat could be seen at CT (computed 
tomography) scans. The use of intravenous contrast is mandatory to evaluate differ-
ent grades of glandular involvement and patency of adjacent vessels. Furthermore, 
CT imaging may show the extent of peripancreatic or intraparenchymal fluid 
collections and the presence abscessualization.

Magnetic resonance cholangiopancreatography (MRCP) is challenging o 
perform in pediatric patients and needs to be tailored to different body sizes. The 
pancreatic glands become heterogeneous and hypointense on T1-weighted images 
in the early stages of inflammation [11].

2.3.4 Severity assessment

Commonly used scoring systems (Ranson, modified Glasgow and pediatric 
acute pancreatitis severity) have demonstrated limited ability to predict disease 
severity in children and adolescents with acute pancreatitis. The sensitivity and 
negative predictive value of the above scores are insufficient to guide decision mak-
ing in pediatric patients. Therefore better methods are needed for risk stratification. 
Anyway, in a logistic regression model [12], only white blood cell count at admission 
more than 18,500/mcL, trough calcium less than 8.3 mg/dL and blood urea nitrogen 
greater than 5 mg/dL appear to correspond independently with a poor outcome.

The lack of an accurate scoring system could cause delays in appropriate clinical 
management and increase the risk of progressive life-threatening complications. 
In recent years Suzuki [13] has investigated a modified score that reflects pediatric 
SIRS (systemic inflammatory response syndrome) score, age and weight (Figure 3) 
and it has proved a more adequate scoring system in children, helping to improve 
treatment outcome in these patients.
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2.3.5 Complications

The most frequent complication of acute pancreatitis in pediatric age is repre-
sented by the development of pseudocysts and occurs in 13% of patients (Figure 4). 
This is a delayed complication and occurs 4 weeks after the onset of the acute 
inflammatory process. Pseudocysts probably arise from disruption of the main 
pancreatic duct, leading to an oval fluid collection with a well-defined wall in the 
peripancreatic tissues. The early alteration that involves pancreatic tissue in the set-
ting of an interstitial edematous pancreatitis (IEP) is the formation of peripancre-
atic fluid collections that may resolve spontaneously. A necrotizing process arising 
in the pancreatic parenchyma or in adjacent tissues results in the development of 
multiple necrotic collections walled-off with an increased risk of infection.

Vascular complications may involve the arterial or venous system and are caused 
by extravasated pancreatic enzymes with the loss of vessel wall integrity. Thus hemor-
rhage secondary to the rupture of a pseudoaneurysm or erosion of a major artery may 
occur. Moreover, in the venous system, thrombosis is a complication that commonly 
affects the splenic vein. Pancreatic ascites and pancreaticopleural fistulas are two 
uncommon types of internal pancreatic fistulas resulting from pancreatic duct disrup-
tion with leakage of pancreatic fluid. Since complications are similar to those occur-
ring in adults the revised Atlanta classification (Figure 5) is useful in children too [11].

Intra-abdominal hypertension (IAH) and abdominal compartment syndrome 
(ACS) are rare in children with severe acute pancreatitis but still have high mortal-
ity rates.

The increased abdominal pressure leads to alteration in microvasculature 
determining ischemia, congestion and edema of the organs. Thus the consequent 

Figure 3. 
Japanese scoring system to assess severity of acute pancreatitis.
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bacterial shift into the bloodstream causes bacteremia, systemic inflammatory 
response and hemodynamic instability. The purpose of management of critical 
pediatric patients is to avoid ACS progression and the development of multi-organ 
dysfunction syndrome [14].

2.4 Treatment

2.4.1 Drug therapy

Children with AP should be resuscitated with crystalloids and be provided 
1.5–2 times maintenance intravenous fluids with monitoring of urine output 

Figure 4. 
Pancreatic pseudocyst at contrast-enhanced CT scan in a 6-year old patient.

Figure 5. 
Revised Atlanta classification of complications in AP. IEP: interstitial edematous pancreatitis; APFC: acute 
peripancreatic fluid collection; ANC: acute necrotic collection; WON: walled-off necrosis.
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over the next 24–48 h. Monitoring of patients with acute pancreatitis can provide 
indicators of complications arising, including SIRS and organ dysfunction/failure. 
Cardiac, respiratory, and renal status should be followed particularly closely within 
the first 48 h. Opioid analgesics in oral or parenteral forms are required for pain 
control in acute pancreatitis. Despite previous contentions, there is no evidence 
about the paradoxical contraction of the sphincter of Oddi induced by morphin 
and it should be used for acute pancreatitis pain not responding to acetaminophen 
or NSAIDs (non steroids anti-inflammatory drugs). In pediatric patients with a 
diagnosis of mild acute pancreatitis oral feedings or enteral nutrition (EN) can be 
started within 24–48 h. Parenteral nutrition (PN) should be considered in cases 
where EN is not possible for a prolonged period (longer than 5–7 days) such as in 
ileus, complex fistulae, abdominal compartment syndrome, to reduce the catabolic 
state of the body.

Antibiotics should not be used in the management of AP, except in the presence 
of documented infected necrosis, or in patients with necrotizing pancreatitis who 
are not improving clinically without antibiotic use. Antibiotics known to penetrate 
necrotic tissue (such as carbapenems, quinolones and metronidazole) should be used 
in management of infected pancreatic necrosis as these may delay surgical interven-
tion and decrease morbidity and mortality. Instead antiprotease or antioxidants are 
not recommended in the management of acute pancreatitis in children [15].

2.4.2 Nutritional strategy

In severe pancreatitis an earlier oral re-feeding reduces the incidence of infec-
tions and contributes to a shorter hospitalization. Serum pancreatic enzymes’ level 
tips the balance in the enteral feeding strategy. If serum amylase and lipase are 
decreasing liquid intake can be started, according with clinical conditions, while if 
they are minor than two times the upper normal values, an hypolipidic diet should 
be considered [13].

2.4.3 Endoscopic and surgical treatment

Undoubtedly anatomic abnormalities are an indication for surgery while 
ampulla of Vater anomalies or pancreatic divisum may be eligible for an endoscopic 
sphincterotomy. In patients with infected necrosis of the pancreatic gland a necro-
sectomy is mandatory in case of worsening clinical conditions and unresponsive-
ness to therapeutic measures. However this procedure (percutaneous, endoscopic or 
laparoscopic necrosectomy) has an high mortality rate and should be performed in 
hemodynamically stable patients.

Pancreatic pseudocysts are cysts that develop due to injury of the pancreatic duct 
and extravasation of fluid. These occur 4 weeks or later after the onset of pancre-
atitis. Treatment is indicated for pseudocysts if their size does not decrease, if they 
are accompanied by abdominal pain, or if there are complications of infection or 
hemorrhage. Whereas endoscopic ultrasound-guided transgastric drainage can 
safely be considered in case of growing pancreatic pseudocysts or in case of hemor-
rhagic complications [13].

3. Acute recurrent pancreatitis

Approximately 10–20% of pediatric patients experience recurrent episodes of 
acute pancreatitis beneath which it is possible to identify an idiopathic or structural 
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etiology. ARP may evolve in the chronic form that is clinically indistinguishable 
from acute pancreatitis in children [16].

3.1 Etiology

Risk factors that predispose to ARP can be categorized according the follow-
ing frequency in: genetic, obstructive, metabolic and autoimmune [17]. However 
the etiology of ARP remains unexplained in 30% of cases and can be classified as 
“idiopathic” is used.

3.1.1 Genetic causes

Genetic conditions that predispose to recurrent episodes of pancreatitis are the 
cystic fibrosis transmembrane conductance regulator-gene (CFTR-gene), PRSS1-
gene and SPINK1-gene mutations.

CFTR-gene mutations occur in about 5% of Western populations and cause an 
altered function of the product of this gene with a defect in the transmembrane 
epithelial chloride ion transfer. This dysregulation affects different organs including 
the pancreas and results in an abnormal production of viscous exocrine secre-
tions that lead to ductal obstructions. Mutations in the cationic trypsinogen gene 
(PRSS1-gene) have been matched in patients with hereditary pancreatitis. The 
pancreas is unable to contrast an excessive trypsin activation because of the lack of 
protective mechanism predisposing patients to recurrent episodes of pancreatitis in 
childhood.

SPINK1-gene mutations predispose to the development pancreatitis and involve 
the serine protease inhibitor Kazal type I gene (SPINK1). This mutation results in 
a defect of the protective action in the pancreas mediated by SPINK1 protein that 
represents a feedback inhibitor of trypsin activation. Approximately 16–23% of 
patients with idiopathic pancreatitis have SPINK1 mutations instead [18].

3.1.2 Anatomical anomalies

Pancreas divisum is the most frequent anatomical variant and has an incidence 
near to 12% in general population. As a result of this incomplete fusion of the 
ventral and dorsal ducts pancreatic juices cause ductal hypertension. Patients 
may experience recurrent pain after food intake, an alteration in serum content 
of pancreatic enzymes, or acute recurrent pancreatitis. Annular pancreas is 
another anatomical variant that may be related with duodenal or biliary obstruc-
tive symptoms. Ductal abnormalities such as a common pancreatico-biliary 
channel may determine a bile or pancreatic juices reflux and can be diagnosed 
with ERCP. Sphincter of Oddi dysfunction (SOD) is another factor predispos-
ing to ARP and is probably the most common cause of the idiopathic form. This 
dysfunction includes two clinical forms: SO increased basal pressure related to 
a structural fibrotic alteration of the sphincter and SO dyskinesia, caused by 
sphincter  hypertone [19].

3.1.3 Metabolic disorders

Toxic and metabolic factors such as hypercalcemia, hypertriglyceridemia, 
diabetes, porphyria and Wilson’s disease can predispose to the development of acute 
recurrent episodes of pancreatitis as well as medications (i.e., azathioprine and 
6-mercaptopurine) [17].
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3.1.4 Autoimmune disorders

Autoimmune pancreatitis is an increasingly recognized disease entity associated 
with hypergammaglobulinemia. High serum levels of IgG4 are suggestive of AIP in 
adults while just 22% of pediatric patients have immunoglobulin levels above the 
upper limits of normal [19]. AIP can be classified into two types: type one lympho-
plasmacytic sclerosing pancreatitis and type two idiopathic duct-centric pancre-
atitis. The latter form seems to be more frequent in children and it is associated 
with inflammatory bowel syndrome. Anyway this distinctive type of pancreatitis is 
responsive to corticosteroid therapy.

3.2 Clinical features and diagnosis

ARP can be defined as two or more episodes of acute pancreatitis occurring with 
complete resolution of symptoms in between (>1 month between two episodes) 
or normalization of pancreatic enzymes serum levels in the time interval, with not 
detected radiological signs of chronic pancreatitis. ARP should be considered in 
the diagnostic process of children with a positive anamnesis for recurrent gastro-
enteritis with vomiting, epigastric pain, or irritable bowel syndrome. An early 
identification of the underlying etiology may lead to a complete resolution of the 
disease [18].

The most common risk factors in childhood are genetic mutations so gene 
testing is mandatory and a chloride sweat test is helpful to diagnose a CF (cystic 
fibrosis).

The patient’s anamnesis and standard laboratory tests, trans-abdominal ultra-
sound, MRCP, and CT scan can easily detect the causes of recurrent pancreatitis in 
about 70% of cases. The remaining 30% of patients should have further investiga-
tions such as genetic testing, MRCP (magnetic resonance cholangiopancreatogra-
phy), that provides the potential to delineate ductal anatomy without the risks of 
contrast injection, EUS (Endoscopic UltraSonography) and ERCP, that represents 
the most accurate imaging to define the pancreas anatomy. Genetic and autoim-
mune pancreatitis can be diagnosed by sequencing CFTR or SPINK1/PRSS1 gene 
mutations and IgG4.

3.3 Treatment

Therapeutic approach to recurrent pancreatitis associated with pancreas divi-
sum is based on endoscopic and surgical procedures. Both strategies are effective 
in 70–90% so the former therapy is preferred. Surgery may include accessory duct 
sphincteroplasty alone or in combination with major sphincteroplasty and septo-
plasty. Patients with distal ductal obstruction or ductal ectasia may take advantage 
from pancreaticojejunostomy [20]. Annular pancreas is another congenital aletara-
tion of the pancreatic ductal system and surgical resection represents the preferen-
tial treatment. Recurrent pancreatitis associated with the CFTR-gene mutation of 
hereditary pancreatitis may be prevented by endoscopic pancreatic sphincterotomy 
reducing intraductal hypertension.

Furthermore, in last years, many efforts have been made to identify a novel 
therapy for lipoprotein lipase deficiency (LPLD), a genetic disease causing chylo-
micronemia and an increased risk for developing acute and recurrent pancreatitis. 
Thus alipogene tiparvovec (Glybera) gene therapy has definitely proven to be effec-
tive in reducing frequency and severity of pancreatitis events [21].
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4. Chronic pancreatitis

Pediatric chronic pancreatitis is unusual and the incidence increases with age 
(0.5 per 100,000 in young adults) but this condition presents a progressive behavior 
and is poorly responsive to therapy.

Chronic pancreatitis has been defined as a persistent inflammatory injury of the 
pancreas characterized by irreversible architectural changes that cause pain and/or 
irreversible loss of function [22].

4.1 Etiology

As mentioned above genetic mutations are the most common causative factors 
for pancreatitis in children despite other risk factors may be brought into play as 
the TIGAR-O classification system well explained and categorized according to 
toxic-metabolic causes, idiopathic, genetic, autoimmune and obstructive chronic 
pancreatitis [23]. Within the last years, multiple studies have reported rates of 
genetic mutations associated with pancreatitis, involving CFTR, SPINK1 and PRSS1 
genes, from 36 to 73%. So future perspectives will certainly focus on a personal-
ized medicine approach in order to define a more specific and targeted treatment. 
Cationic trypsinogen PRSS1 is the gene most frequently involved in the evolution 
to the end stage of chronic pancreatitis. Near to 80% of individuals with either 
the R122H or N29I gain of function mutation develop at least one episode of acute 
pancreatitis and half of clinically affected individuals with either the R122H or N29I 
mutation will evolve to chronic pancreatitis.

Moreover pancreas divisum represents an obstructive cofactor in the develop-
ment of chronic involutional changes of the pancreatic gland.

4.2 Pathology

Parenchymal fibrosis, with loss of acinar cells, results in exocrine pancreatic 
insufficiency (EPI) as a late stage of the disease and needs to be treated with 
pancreatic enzyme replacement therapies. Then normal acini are replaced by 
fibroblasts and lymphocytic infiltration. Furthermore, progressively endocrine cells 
are damaged too resulting in diabetes mellitus (DM) that often occurs post chronic 
pancreatitis [23].

4.3 Diagnosis

According with INSPPIRE data the definition of chronic pediatric pancreatitis 
depends upon one of the following: (1) abdominal pain and imaging findings that 
can suggest a chronic pancreatic damage; (2) evidence of exocrine pancreatic insuf-
ficiency with maldigestions symptoms and diagnostic imaging suggestive for pancre-
atic damage; (3) evidence of pancreatic islets dysfunction and imaging findings that 
can suggest the presence of a pancreatic damage; or (4) a surgical or pancreatic biopsy 
demonstrating pathological features compatible with chronic pancreatitis [24].

4.3.1 Imaging findings

The most commonly found radiographic signs of chronic pancreatitis in children 
are represented by ductal anomalies and pancreatic gland atrophy. Unlike the adult 
form, pancreatic calcifications are not detected in childhood chronic pancreatitis. 
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To reduce the exposure to ionizing radiation MRI/MRCP and ultrasound (US) 
are preferred. ERCP, as in adults, can be considered for procedures such as stone 
removal or stricture dilation [23].

4.3.2 Pancreatic function tests

Altered pancreatic function tests are diagnostic of chronic pancreatitis but 
also are detected in case of other clinical conditions such as pancreatic agenesis or 
resection, intestinal atrophy, kwashiorkor and gastrinoma. We also have to consider 
mild or moderate forms of chronic pancreatitis in case of normal tests. Exocrine 
pancreatic function can be assessed by direct or indirect evaluations. Direct tests 
pancreatic such as the secretin-cholecystokinin test have the highest sensitivity and 
specificity but at the same time they are inadequate for routine clinical practice in 
pediatric population. On the other hand indirect tests are noninvasive and routinely 
used. Indirect pancreatic function test can be divided in three main groups:

1. Analysis of the hydrolyzed products of pancreatic enzymes’ activity detectable 
in urine and serum (NBT-PABA test, pancreolauryl test);

2. Assessment of undigested and unabsorbed food components in feces (fecal fat 
excretion and fecal fat concentration);

3. Dosage of pancreatic enzymes in the serum (amylase, isoamylase, lipase, 
trypsinogen, elastase-1) or stool (chymotrypsin, lipase, elastase-1).

Fecal elastase-1 (FE1) is the most sensitive test in the evaluation of exocrine 
pancreatic function in chronic pancreatitis [25].

Fecal elastase-1 is a proteolytic pancreatic enzyme that is not degraded during its 
passage through the gastrointestinal tract. Analysis of FE1 is simple and practical to 
be managed but it may be compromised in case of diarrhea, with an associated risk 
of falsely low FE1 concentration [26].

4.3.3 Biopsy

A pancreatic EUS-guided biopsy may represent the gold standard for the diag-
nosis of chronic pancreatitis but it is not widely available.

And besides some etiologies of chronic pancreatitis, such as autoimmune or 
hereditary pancreatitis, need multiple biopsies to be diagnostic. At histological 
examination irregular fibrosis can be seen while intralobular fibrosis alone is not 
specific for chronic pancreatitis [22].

4.4 Treatment

Both the stage and etiology of CP influence its management. With disease 
progression, chronic pain management and treatment of pancreatic insufficiency 
or diabetes are required. Acetaminophen may be effective in the early stages, 
but therapy generally advances to narcotics. Pancreatic enzyme supplements 
and antioxidant therapy (selenium, ascorbic acid, b-carotene, a-tocopherol, and 
methionine) are prescribed frequently in this setting. Endoscopic treatment for CP 
should be considered only when ductal strictures or pancreatic duct calculi are pres-
ent or for symptomatic pseudocysts. Surgical treatment is still indicated in selected 
patients when conservative treatment failed. Localized disease can be treated with 
partial pancreatic resection (i.e., in case of a pancreatic inflammatory head mass) 
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while radical pancreatectomy with islet cell autotransplant is currently offered to 
patients who have genetic causes of pancreatitis (as we’ll describe in the next sec-
tion). A longitudinal pancreaticojejunostomy (known as modified Puestow proce-
dure) can be definitely avoided. Although many patients have pain relief, a number 
of patients continue to have pain. In up to 20% of adults, the pain is as intense as it 
was before the resection. Preadolescents are more likely to be insulin-independent 
than older children and adults. Thus time to surgical procedure is fundamental to 
avoid a progressive decrease in islet cell yield. Pancreatic insufficiency is treated 
with pancreatic enzyme replacement therapy. The final goal is to restore digestive 
function and maintain weight gain.

4.4.1 Total pancreatectomy with islet autotransplantation (TPIAT)

Children with chronic pancreatitis who suffer recurrent severe episodes of 
abdominal pain, chronic use of analgesics (opioids) and frequent hospitalizations 
may benefit from TPIAT, in order to improve their quality of life. A multidisci-
plinary team including gastroenterologists, endocrinologists, surgeons, anesthesi-
ologists, psychologists, radiologists and nutritionists guides the selection of these 
patients.

Thus the procedure consists in a demolitive operative phase, followed by a 
reconstructive one that includes an hepaticojejunostomy plus gastrojejunostomy or 
a duodenojejunostomy and the autotransplantation of islets via the portal vein.

Osmotic, mechanical or hypoxia damage of islets should be considered, espe-
cially in the pre-engraftment phase and the risk of developing diabetes mellitus 
must be accepted by families.

Anyway pain resolution, independence from analgesics and significant improve-
ment in quality of life has been reported in the majority of children with CP follow-
ing TPIAT, and glycemic control is managed without difficulty [24, 27].

5. Conclusions

The incidence of acute pancreatitis is increasing in children and it should be 
considered as part of differential diagnosis in case of abdominal pain. The etiology 
of acute pancreatitis in this subpopulation is related to several conditions and risk 
factors, such as drugs, obesity, infections, trauma and anatomic abnormalities but 
genetic predisposition represents the master causative factor.

Rapid and accurate assessment of severity is useful for selecting an appropriate 
initial treatment and predicting the prognosis. The International Study Group for 
Pediatric Pancreatitis: In Search for a Cure (INSPPIRE) focused on ARP and CP in 
pediatrics and we can delineate more accurately clinical presentations, risk factors 
and natural history of pediatric pancreatitis to define a more appropriate therapeu-
tic strategy, often considering that a children is not a small adult.
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