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Chapter 1

Management of Acute and Chronic
Pancreatitis
Tommaso Stecca, Cristina Nistri, Bruno Pauletti,
Adriana Di Giacomo, Flavio Colaut, Mariangela Ruperto,
Ezio Caratozzolo, Luca Bonariol and Marco Massani

Abstract

Pancreatitis is a major public health issue worldwide. There is geographical
variation in the burden of acute and chronic pancreatitis (CP). Globally, the age-
standardized prevalence rate increased from 1990 to 2017. Acute pancreatitis (AP) is
now one of the most common reasons for hospitalization with a gastrointestinal
condition. The essential requirements for the management of AP are accurate diagno-
sis, appropriate triage, high-quality supportive care, monitoring for and treatment of
complications, and prevention of relapse. Clinicians should be aware of the time
course and the best management of AP, identifying which patient will have a severe
course allowing earlier triage to an intensive care unit and earlier initiation of effective
therapy. CP is a pathologic fibroinflammatory syndrome of the pancreas in individuals
with genetic, environmental, and other risk factors who develop persistent pathologic
responses to parenchymal injury or stress. Diagnosing the underlying pathologic pro-
cess early in the disease course and managing the syndrome to change the natural
course of disease and minimize adverse disease effects are the managing paradigm. In
this review, we consider recent changes in the management of acute and CP, as well as
common misunderstandings and areas of ongoing controversy.

Keywords: acute pancreatitis, chronic pancreatitis, management, clinical phases,
pathologic process

1. Introduction

Pancreatitis is a major public health issue worldwide. There is geographical
variation in the burden of acute and chronic pancreatitis (CP). Globally, the age-
standardized prevalence rate increased from 1990 to 2017. Acute pancreatitis (AP) is
now one of the most common reasons for hospitalization with a gastrointestinal
condition. The essential requirements for the management of AP are accurate diagno-
sis, appropriate triage, high-quality supportive care, monitoring for and treatment of
complications, and prevention of relapse. Clinicians should be aware of the time
course and the best management of AP, identifying which patient will have a severe
course allowing earlier triage to an intensive care unit and earlier initiation of effective
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therapy. CP is a pathologic fibroinflammatory syndrome of the pancreas in individuals
with genetic, environmental, and other risk factors who develop persistent pathologic
responses to parenchymal injury or stress. Diagnosing the underlying pathologic pro-
cess early in the disease course and managing the syndrome to change the natural
course of disease and minimize adverse disease effects is the managing paradigm. In
this review, we consider recent changes in the management of acute and CP, as well as
common misunderstandings and areas of ongoing controversy.

Current concepts of the use of interventional methods in severe acute, necrotizing,
and CP (indications and timing of interventions, strategies for intervention, endo-
scopic and percutaneous treatment) are discussed in the other chapters of this mono-
graph on pancreatitis. We, therefore, consider it appropriate that they are illustrated
in detail in the respective chapters.

2. Acute pancreatitis

AP is an acute inflammatory condition of the pancreas with histological acinar cells
destruction. It has a wide spectrum of morphological and clinical manifestations and
can result in local injury, systemic inflammatory response syndrome (SIRS) and organ
failure [1, 2].

2.1 Epidemiology

AP is one of the most common gastrointestinal diseases requiring acute hospitali-
zation [3]. Its incidence is rising worldwide and ranges from 5 to 30 cases per 100,000
[1] and despite improvements in the diagnosis, management and treatment, the
overall mortality rate of AP remains around 2–5% [4, 5]. The average length of
hospital stay for AP is 8 days, with economic burden to patients and the health care
system all around the world [6].

2.2 Etiology

The most common causes of AP are gallstones (up to 40–70% of cases) and alcohol
abuse (25–35%).

Migrating gallstones cause transient obstruction of the pancreatic duct leading to
the blockage of pancreatic secretion and lysosomal dysfunction generating injury and
inflammatory response. Alcohol abuse exerts its effects in a complex way that include
direct toxicity and immunologic mechanisms: prolonged alcohol use (four to five
drinks in a day over a period of more than 5 years) is required and the type of alcohol
ingested does not affect the overall lifetime risk of alcohol-associated pancreatitis, that
range from 2% to 5% in heavy drinkers (“Heavy” alcohol consumption is generally
considered to be >50 g in a day).

In absence of gallstones or alcohol, other etiologies of AP (Table 1) must be
ruled out.

The agent or condition causing AP is not always clear and sometimes there is only
the evidence of factors known to be potential contributors of unexplained pancreati-
tis, such as smoke, obesity and diabetes. Accordingly, idiopathic AP has been defined
as a condition in which the etiological cause is not detectable after an accurate anam-
nesis excluding any substance abuse, infections, metabolic disorders, genetic muta-
tions and at least two second-level imaging techniques [endoscopic ultrasound and
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magnetic resonance imaging (MRI)] to exclude abnormality of pancreatic gland,
pancreatic or biliary and gallbladder lithiasis.

Any mass that obstructs the main pancreatic duct can cause AP: 5–14% of patients
with benign or malignant pancreatobiliary tumors present with this scenario and
pancreatic tumor should be suspected in any patient older than 40 years with idio-
pathic pancreatitis, especially those with prolonged or recurrent course [4–6].

2.3 Clinical signs and symptoms

Patients with AP usually present with epigastric or left upper quadrant pain,
usually described as persistent, severe and often radiating to the back, chest or flanks.
The intensity of pain is not correlated to the severity of the disease. Patients experi-
ence pain relief when sitting forward or worsening when lying flat. Nausea and
vomiting are also common, and sequestered fluid in the small bowel may lead to rapid
and severe dehydration. Diaphragmatic irritation may cause hiccoughs. The presenta-
tion can also be dominated by shock with tachycardia, tachypnea, hypotension, anuria
and mental status alteration. On the other hand, patients may be paucisymptomatic,

Cause Frequency Notes

Gallstones 40% Gallbladder stones or sludge

Alcohol 25–35% Usually an acute flares on underlying chronic pancreatitis

Drugs <5% Most strongly associated: azathioprine, 6-mercaptopurine,
dideoxyinosine, valproic acid, angiotensin-converting-
enzyme inhibitors, mesalamine

Hypertriglyceridemia 1–5% Triglyceride level > 10 mmol/l (>1000 mg/dl)

Hypercalcemia Total serum calcium concentration > 2.60 mmol/l

Autoimmune causes <1% Autoimmune pancreatitis (AIP), type 1 or type 2

Genetic causes Not
known

Mutations and polymorphisms in different genes encoding
cationic trypsinogen (PRSS1), serine protease inhibitor
Kazal type 1 (SPINK1), cystic fibrosis transmembrane
conductance regulator (CFTR), chymotrypsin C, calcium-
sensing receptor

Endoscopic Retrograde
CholangioPancreatography
(ERCP)

5–10%*

Trauma <1% Blunt or penetrating trauma

Infections <1% CMV, mumps, EBV

Tumors Malignant tumor of ampulla, distal choledocus or
pancreatic head**

Other causes of obstruction Rare Pancreas divisum, sphincter of Oddi dysfunction, any
benign or malignant mass that obstructs the main
pancreatic duct**

Other conditions, unknow Common Diabetes, obesity, smoking

*Among patients undergoing ERCP.**5–14% of patients with benign or malignant pancreatobiliary tumors present
with AP.

Table 1.
Causes of acute pancreatitis.
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with few physical signs. Abdominal examination reveals epigastric tenderness and
guarding; abdominal distension with paralytic ileus. Later signs may include mottled
skin or livedo reticularis and lace-like purplish discoloration of the skin. Abdominal
periumbilical ecchymosis (Cullen’s sign) and ecchymosis of the flank (Grey Turner’s
sign) result from the diffusion of fat necrosis and inflammation associated with
retroperitoneal or intra-abdominal bleeding [5].

2.4 Diagnosis

The diagnosis of AP is made following the Revised Atlanta Criteria, a global
consensus classification (generated in 1992 and revised in 2012) designed to stan-
dardize diagnosis, clinical assessment, evaluation, severity and complications of AP
and to help the communication between clinicians.

Diagnosis of AP requires two of the following three features:

• abdominal pain consistent with AP;

• serum lipase or amylase levels at least three times greater than the upper limit of
normal range;

• characteristic findings of AP on imaging [contrast-enhanced computed tomography
(CT) and less commonly MRI or transabdominal ultrasonography].

According to these criteria, it is important to underline that when the diagnosis of
AP is established by abdominal pain and by increased serum pancreatic enzyme
activities (clinical and laboratory criteria), the radiological findings (imaging criteria)
are not required for making the diagnosis [3, 7].

In the majority of patients, routine use of CT or MRI is unwarranted as the
diagnosis of AP is apparent and most have a mild, uncomplicated course. CT or MRI
imaging should be reserved for patients in whom the diagnosis is unclear or who fail to
improve clinically within the first 48–72 hours after hospital admission [6].

Contrarily, transabdominal ultrasound should be performed on admission in all
patients with AP, to define the underlying etiology and to identify the presence of
gallstones that are the most common cause of AP [3, 6].

Moreover, it is important to record the time interval between onset, first observa-
tion and hospital admission. In fact, the onset of AP is defined as the time of beginning
of abdominal pain and not the time of admission to the hospital [7].

In an episode of AP, the enzyme secreted by the pancreas (amylase, lipase, elastase
and trypsin) are released from acinar cells of the pancreas into the bloodstream at the
same time, due to increased permeability following inflammation.

Amylase is an enzyme synthesized mostly by pancreatic acinar cells and salivary
glands and in negligible levels by adipose tissue, gonads, fallopian tubes, intestinal
tract and skeletal muscle. Humans product one specific isoenzyme, α-amylase, with
two major isoforms specific to pancreas and to salivary glands that help to identify
different cases of hyperamylasemia. In case of AP, serum amylase rises rapidly within
a few hours after the onset, with peaks at 3–6 hours, half-life of 10–12 hours, persis-
tent elevation for 3–5 days and decrease to normal levels over the next three to 7 days.

Lipase is an enzyme that has a higher specificity because is mainly produced by
acinar cells of the pancreas; nevertheless, high serum level can be determined also in
patient with renal insufficiency, appendicitis, diabetic ketoacidosis, inflammatory
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bowel disease and intestinal obstruction. In AP, elevation of serum lipase arises within
three to 6 hours with peaks at 24 hours following the onset of symptoms and
persistent elevation up to 2 weeks, giving a larger diagnostic window in comparison to
amylase.

Therefore, serum lipase appears to be more specific and remains elevated for a
longer period than serum amylase after disease presentation. Moreover, lipase has a
better degree of sensitivity and specificity in diagnosing AP, during both early and late
phases of the disease (sensitivity of lipase and amylase tests ranges between 64–100%
and 45–87%, respectively).

According to these evidences, current guidelines recommend the preference use of
serum lipase for diagnosis of AP [2, 4, 6].

2.5 Classification

The most commonly used classification system for AP is the “2012 revision of the
Atlanta Classification and definitions” based on international consensus [8].

This classification identifies two types (Interstitial edematous pancreatitis and
necrotizing pancreatitis), three grades of severity (mild, moderately severe or severe)
and two phases (early and late) of AP.

2.5.1 Types of acute pancreatitis

Two different types of AP have been characterized: Interstitial edematous pancre-
atitis and necrotizing pancreatitis.

Interstitial edematous pancreatitis is an acute inflammation of pancreatic paren-
chyma and peri-pancreatic tissues, but without recognizable tissue necrosis. Devel-
oped by the majority of patients (80–85%), it is characterized by diffuse (or
occasionally localized) enlargement of the pancreas, due to inflammatory edema; the
clinical symptoms usually resolve within the first week.

Necrotizing pancreatitis is, instead, the presence of inflammation associated with
pancreatic parenchymal necrosis and/or peri-pancreatic necrosis. The natural history
of necrotizing pancreatitis is variable and this scenario evolves over several days
because necrosis can remain solid or liquefy, can remain sterile or become infected,
persist or disappear over time. This explains why an early CT made for assessment of
AP may underestimate the eventual extent of pancreatic and peri-pancreatic necrosis.
Moreover, most evidence suggest no correlation between the extent of necrosis and
the risk of infection and duration of symptoms and usually infected necrosis is rare
during the first week. Developed by 15–20% of patients with AP, this type of evolu-
tion of AP has increased morbidity and mortality compared to patients with intersti-
tial edematous pancreatitis [5, 7].

2.5.2 Severity of acute pancreatitis

A preliminary overview of complications of AP is mandatory, because the com-
prehension of these terminologies is central to definition and stratification of severity.

• Local complications: acute peri-pancreatic fluid collection, pancreatic
pseudocyst, acute necrotic collection (sterile or infected), walled of necrosis
(sterile or infected), gastric outlet dysfunction, splenic and portal vein
thrombosis, ischemic colitis, colonic necrosis, enteric fistulas, hemorrhages.
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• Systemic complications: exacerbation of preexisting comorbidities, such as
chronic obstructive pulmonary disease, coronary artery disease or chronic liver
disease.

• Organ failure is defined using the modified Marshall scoring system, that has the
advantage of being simple, universally applicable, objective and easily repeatable
daily. In AP three organ systems have to be assessed: respiratory, cardiovascular
and renal. Respiratory failure is defined with a PaO2/FiO2 ratio <300,
cardiovascular failure with a systolic blood pressure <90 mmHg non responsive
to fluid administration and renal failure with a serum creatinine level ≥1.9 mg/dl
(Table 2) [7, 9]. If organ failure affects more than one organ system, it is termed
multiple organ failure (MOF).

• Transient organ failure is defined as organ failure existing for less than
48 hours, while persistent organ failure is organ failure persisting for more than
48 hours [7].

There are three degrees of severity of AP:

• Mild AP: absence of organ failure and absence of local or systemic complications

• Moderately severe AP: presence of transient organ failure (<48 hours) and/or
presence of local or systemic complications (in absence of persistent organ
failure)

• Severe AP: presence of persistent organ failure (>48 hours), that can involve
single or multiple organs [7].

Usually, mild AP account for 80–85% of cases, while severe AP is reported in
15–30% of patients [6].

2.5.3 Phases of acute pancreatitis

AP is a dynamic disease with variable scenarios of evolution, but it has two
overlapping phases that need to be considered separately to better understand the
progression and consequences of this disease.

Organ system Parameter Score

0 1 2 3 4

Respiratory PaO2/FiO2 >400 301–400 201–300 101–200 ≤101

Cardiovascular Systolic blood
pressure (mmHg)

>90 <90, fluid
responsive

<90, fluid
unresponsive

<90, pH
< 7.3

<90, pH
< 7.2

Renal Serum Creatinine
(mg/dl)

<1.4 1.4–1.8 1.9–3.6 3.6–4.9 >4.9

Table 2.
Modified Marshall scoring system for definition of organ failure in acute pancreatitis. A score of two or more in
any system defines the presence of organ failure.
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The early phase usually takes place in the first and second weeks of the disease. It
is characterized by the host response to local pancreatic injury and inflammation, with
activation of the cytokine cascades that can lead to SIRS (Table 3).

In this phase the scenario of AP is still evolving and local complications may be
recognized but they are mutable and inaccurate to determine the grade of severity.
Furthermore, the morphologic changes due to local complications are not correlated to
the extension of organ damage and the severity of organ failure [7].

Instead, the presence of SIRS and his persistence over time are known to be
correlated to an increased risk of developing organ failure, are associated to high
mortality and are established as early indicator of the likely severity of AP [2, 10, 11].
Persistent SIRS (>48 hours) is associated with a mortality rate of 25% compared with
8% of transient SIRS [3].

Consequently, the determinant of severity in the early phase of AP is the presence
and duration of organ failure, that is assessed thorough clinical criteria [7] (see Section
2.6.1 Initial Assessment, Table 4) and appears to be related to the development and
persistence of SIRS [6].

In this phase, death occurs as a result of the development, the persistence and the
progressive nature of organ dysfunction; the reversal of early organ failure has been
shown to be important in preventing morbidity and mortality in patient with AP.

Heart rate >90 beats/minute

Core temperature <36°C or >38°C

White blood cells count <4000 cells/mm or >12000 cells/mm³

Respiratory rate >20 breaths/minute

PaCO2 <32 mmHg

Table 3.
SIRS diagnostic criteria. The presence of two or more criteria defines the presence of SIRS.

Patient characteristic Age > 55 years

Obesity (BMI > 30 kg/m2)

Altered mental status

Comorbid disease

Presence of SIRS (see Table 3)

Laboratory findings BUN > 20 mg/dl or rising Signs of hypovolemia

HCT > 44% or rising

Elevated creatinine

Radiology findings Pleural effusion

Pulmonary infiltrates

Multiple or extensive extra pancreatic collections

BMI, body mass index; BUN, blood urea nitrogen; HCT, hematocrit.

Table 4.
Intrinsic patient-related risk factors for the development of severe disease.
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Therefore, if SIRS is identified in this phase of the disease, patients must be treated
according to the treatment of a severe AP [6].

The late phase usually develops after the second week of the disease and can
extent from weeks to months; it is delineated by the persistence of systemic signs of
inflammation or by the presence of local complications. Consequently, this scenario
develops only in patients with moderately severe or severe AP.

In this phase the disease is still evolving and local complications need to be assessed
and characterized with radiological imaging because they may need a specific man-
agement. Therefore, although the main determinant of severity in this phase is the
persistence of organ failure, the need of radiological definition of local complications
requires both clinical and morphological criteria [7].

In the natural history of AP, half of all deaths occur in the first 2 weeks and are
mainly due to failure of multiple organ systems while the other half occur after
2 weeks and are mainly due to pancreatic and extrapancreatic infections [5].

2.5.4 Prediction of severity

The three severity degrees of AP have distinct characterizations that have direct
implications for clinical management and are associated with different outcome and
mortality:

• Mild AP: self-limited disease that occurs in approximately 80–85% of patients
[5]. By 48 hours after the admission, these patients typically would have
substantially improved [6]. Radiological imaging is routinely not mandatory and
discharge generally occurs during the early phase. Mortality is rare (<2%) [5, 7].

• Moderately severe AP: usually radiological imaging is required to assess the
presence and extent of local complications, that may resolve without the need of
intervention but that may request prolonged specialist support and care.
Mortality is low (<5%) [5, 7].

• Severe AP: specific and aggressive treatment and specialist support and
care are needed. Mortality is high, ranging from 36% to 50%, and reflects
the presence and persistence of SIRS and the development of single or
MOF [7, 11].

Persistent SIRS (more than 48 hours) is related to a mortality rate of 25.4% and
persistent MOF is associated with a mortality reported to be as great as 42% [10].
Infection of the pancreatic and peripancreatic necrosis occurs in about 20–40% of
patients and is associated with worsening organ dysfunctions [2].

Therefore, there are important reasons to define and stratify the severity of AP: the
correlation between grade of severity and outcome and mortality, the need to identify
patients with potentially severe AP that require aggressive early treatment, the need
to identify patients that need transfer from a secondary care center to a specialist one
or to intensive care unit, the need to stratify patients into subgroups based on the
presence of organ failure and local or system complications to enable patient-tailored
treatment that may require a variety of interventions.

Consistently with the definitions of the degrees of severity, the real severity of AP
cannot be assessed on admission to the hospital or on first observation because it is not
known whether the patient will have transient or persistent organ failure.
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Moreover, the evolutions and changes of morphological features of local and sys-
temic complications over time ensure that it is generally not necessary to perform
radiological imaging during the first week of admission. When necessary, a CT scan
performed 5–7 day after the admission is more reliable in establishing the presence
and extent of local complications.

For all these reasons, the dynamic and evolving scenario that characterizes AP
need to be reassessed on a daily bases in the early phase of the disease and convenient
time points to re-evaluate the patients are usually 24 hours, 48 hours and 7 days after
admission to the hospital [7].

Different predictors of severity of AP have been developed over time to improve
clinical judgment, including single serum markers and scoring systems incorporating
clinical, radiological and laboratory findings. The features of the best predictive
criteria are: simplicity, universal applicability across international centers, ability to
stratify disease severity easily and objectively, possibility for use at presentation and
daily repetition.

Serum lipase or amylase levels are central to diagnosis of AP, but their degree on
bloodstream and their decrease have no prognostic value [5, 7].

Many authors consider an acute-phase reactant, the C-reactive protein (CRP), as
the “gold standard” for disease severity assessment. An elevated CRP concentration of
greater than 150 mg/l indicates that AP will have a complicated course with a sensitivity
of 85% in the first 72 hours after the onset of symptoms. The major drawback of CRP is
that peak levels are reached only after 48–72 hours from the onset of symptoms and
therefore is a predictor of severity that takes 72 hours to become accurate. Furthermore,
CRP is not disease-specific and can be elevated in other inflammatory conditions [2, 12].

Procalcitonin (PCT) is another acute-phase protein considered as a valuable
marker for the detection of severe pancreatitis, with a cut-off value of 0.5 ng/ml. An
increased PCT concentration in AP should be observed since the onset of the disease
and therefore it is useful in the early prediction of severe AP; nevertheless, some
authors suggest that it is more beneficial to measure the PCT level within 24–36 hours
from the occurrence of symptoms [13, 14]. A PCT value of 3.8 ng/ml or higher within
96 hours after the onset of symptoms indicated a pancreatic necrosis with a sensitivity
and specificity of 93% and 79%. Moreover, an elevated PCT predicts infected necrosis
in patients with confirmed pancreatic necrosis and has the ability to indicate a status
of bacterial infection [2, 12–14].

Several scoring systems have been developed over time: Ranson score (1974) [15],
Glasgow-Imrie score (1978) [16], Acute Physiology and Chronic Health Evaluation II
(APACHE-II) (1983) [17], APACHE combined with scoring for obesity (APACHE-O),
Simplified Acute Physiology Score (SAPS II) (1984) [18], CT Severity Index (CTSI)
(1990) [19, 20], Bedside Index for Severity in Acute Pancreatitis (BISAP) (2008) [21],
Harmless Acute Pancreatitis Score (HAPS) (2009) [22], Sequential Organ Failure
Assessment (SOFA) (2013) [23], Japanese Severity Score (JPN) (2013 revision) [24].

Ranson score is moderately accurate in stratifying patients in terms of severity but
required full 48 hours to be completed, with eleven criteria to be valuated (in addi-
tions, some data are not routinely ordered during hospitalization) [15, 25]. APACHE-
II is very complex: it evaluates the chronic health score and 12 physiologic measure-
ment, is not designed for day to day evaluation and is not specific for AP [2, 17, 25].
CTSI is based on local complications showed on CT scan findings and has the draw-
back of not reflecting the systemic inflammatory response [19, 20, 25]. BISAP is one
of the most accurate, is very simple (only five criteria), applicable in every day clinical
practice and easily applied in the early phases [2, 21, 25].
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The International Association of Pancreatology (IAP) and the American Pancreatic
Association (APA) evidence-based guidelines for the management of AP, advised the
use of SIRS to predict severe acute pancreatitis (SAP) on admission and at 48 hours.
SIRS can be diagnosed on the basis of four routine clinical measurement (Table 3) and
persistent SIRS (>48 hours) is associated with MOF and mortality (25% compared
with 8% of transient SIRS). Arguments to recommend SIRS over the other predictive
scoring systems are widespread familiarity, simplicity and the possibility for repetitive
measurements; none of the other scoring systems are considered clearly superior or
inferior to (persistent) SIRS [3].

Evidence on the predictive performance of all these scoring systems is variable and
their sensitivity and specificity for predicting severe AP range between 55% and 90%,
depending on the cut-off value and the timing of scoring. Limitations of these scoring
systems have been either the inability to obtain a complete score until at least 48 hours
into the illness (missing a potentially valuable early therapeutic window) or the
complexity of the scoring system itself [2, 12].

For all these reasons, there are no “gold standard” prognostic scores for predicting
severe AP [2]. They are still useful to prove or exclude severe disease but they cannot
replace ongoing evaluation by an experienced clinician and a good clinical judgment.

2.6 Management

2.6.1 Initial assessment

Severity score systems are complex, cumbersome and typically require 48 hours to
become accurate.

In absence of any available test to determine severity, clinicians need to be aware
of clinical finding associated with a severe course. These includes patient’s age,
comorbid health problems, body mass index, presence of SIRS, signs of hypovolemia
(such as elevated blood urea nitrogen (BUN) or elevated hematocrit) and presence of
pleural effusion (Table 4). These intrinsic patient-related risk factors for the devel-
opment of severe disease should be used for initial risk assessment and to consequen-
tially provide adequate initial management to patients presenting with AP [6].

2.6.2 Initial management

An adequate initial management should be provided to all patients presenting with
AP and patients with organ failure and/or SIRS should be admitted to an intensive care
unit whenever possible.

Initial management includes fluid resuscitation with early aggressive hydration,
pain management and adequate nutrition. Routine use of prophylactic antibiotics in
patients with severe AP and/or sterile necrosis is not recommended.

Early aggressive fluid administration, defined as 250–500 ml/hour of isotonic
crystalloid solution, is an effective intervention that is most beneficial during the first
12–24 hours and should be provided to all patients (unless cardiovascular, renal or
other related comorbidities preclude it, as the main risk is fluid overload). It amounts
to a total infusion of 2500–4000 ml within the first 24 hours and it seems to be
sufficient to reach the resuscitation goals within these first hours [2, 3, 5, 6]. Fluid
requirement should be reassessed at frequent intervals within 6 hours of admission
and for the next 24–48 hours [6]. The response to fluid resuscitation should be based
on clinical monitoring of fluid status (heart rate < 120 beats/minute, mean arterial
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pressure between 65 and 85 mmHg, urinary output >0.5–1 ml/kg/hour) [3, 5] and on
biochemical targets (such as decreasing BUN and hematocrit and maintaining normal
creatinine) [5, 6].

Pain is the cardinal symptom of AP and its relief is a clinical priority. All
patients must receive analgesia and there is no evidence about any restriction in pain
medications: the best recommendations is to adhere to the most current acute pain
management guidelines, in a multimodal approach including non-steroidal
anti-inflammation drugs (NSAID), opioids, epidural analgesia and patient-controlled
analgesia (PCA) [2].

In patients with mild AP there is no need for complete resolution of pain or
normalization of pancreatic enzyme levels before oral feeding is started. A low-fat
soft or solid diet is safe and can be started soon after admission in the absence of
nausea, vomiting, severe abdominal pain and ileus [5, 6]. Need for nutritional support
may be predicted in severe AP or over day 5 from admission if the symptoms continue
to be severe or there is inability to oral feedings [5]. When artificial feeding is
required, enteral nutrition should be the preferred treatment and it is recommended
to prevent infectious complications. Nasogastric or nasoduodenal feeding are
clinically equivalent. Total parenteral nutrition should be avoided and reserved for the
cases in which the enteral route is not available, not tolerated or nutritional goals are
not met [2, 6].

Infectious complications (both pancreatic and extrapancreatic) are a major cause
of morbidity and mortality in patients with AP. Furthermore, patients with infected
pancreatic necrosis have a higher mortality rate when compared with patients with
sterile necrosis.

Although it was previously believed that preventing the development of infected
necrosis was important, different trials have shown no benefit of prophylaxis with
antibiotic therapy [5]. Now is established that the role of antibiotics is to treat
confirmed infected necrosis instead of prevent infectious complications in patients
with sterile necrosis. Antibiotics known to penetrate pancreatic necrosis are
carbapenems (such as imipenem), quinolones, fluoroquinolones, clindamycin,
piperacillin and metronidazole and their administration may be useful in delaying or
avoiding intervention.

Consequently, routine use of prophylactic antibiotics in patients with any type of
AP is not recommended unless infection is suspected or confirmed. Furthermore,
routine use of antifungal agents, along with antibiotics, is not recommended.
Nevertheless, antibiotics should be given for extrapancreatic infections such as
cholangitis, catheter-acquired infections, bacteremia, urinary tract infections and
pneumonia [2, 3, 6, 26].

There is no current available pharmacologic therapy to mitigate AP and current
treatment is largely supportive. Considering that pancreatic injury is mediated by
autodigestive enzymes, anti-secretory agents such as glucagon and somatostatin have
been tested as potential therapies with limited results. Use of protease inhibitors
agents (such as gabexate mesilate) have been studied with the aim of blocking
intrapancreatic activation of digestive enzymes but several trials showed conflicting
results on clinical benefit. Also administration of indomethacin and steroid therapy
have been assessed in clinical trials but their role remains to be determined [27]. A
recent Cochrane review about pharmacological intervention for AP stated that there
was no evidence of difference in short-term mortality between the groups in any of
the comparisons. Despite this evidence, the authors underlined that interventions
with at least two clinical benefits were: octreotide (somatostatin analog), which was
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associated with fewer serious adverse events and a lower proportion of people with
organ failure; and gabexate mesilate, which was associated with fewer adverse events
and a lower proportion of people requiring an additional invasive intervention com-
pared to inactive intervention [28].

2.6.3 Patient-tailored management (of late phase of acute pancreatitis)

Whether AP progresses to the late phase of the disease, patients may require a
variety of interventions that go beyond the initial management. Patient-tailored
management may include ERCP, endoscopic ultrasonography (EUS), endoscopic
and/or radiological drainage or surgical intervention for treatment of local
complications and referral for cholecystectomy to prevent recurrent attacks and
potential biliary sepsis [6].

ERCP is indicated in patients with biliary pancreatitis with common bile duct
obstruction and/or cholangitis [3, 5].

Asymptomatic acute peripancreatic fluid collections and asymptomatic
pseudocysts do not require therapy. The development of infection in the necrotic
collection is the main indicator for therapy and treatment should be delayed prefera-
bly for more than 4 weeks [3, 5, 6]. Clinical and imaging signs are accurate and routine
percutaneous fine needle aspiration and culture is not required [3, 5].

The optimal intervention strategy is always a step-up approach: initial broad-
spectrum antibiotics administration, subsequent percutaneous radiological interven-
tions followed, if needed, by endoscopic transmural drainage or endoscopic debride-
ment and eventually by surgical approach [3, 5, 6]. Minimally invasive operative
methods of necrosectomy and minimally invasive surgical approaches are always
preferred to open necrosectomy [6]. The optimal strategy must be individualized for
every patient and should be discussed by a multidisciplinary group of experts.

To prevent recurrence of AP, cholecystectomy should be performed before
discharge in patient with mild gallstone AP. In this subgroup of patients, cholecystec-
tomy performed 25–30 days after discharge has a higher rate of complications as
compared with cholecystectomy performed during the initial hospitalization and a
delay of cholecystectomy for more than a few weeks is associated with a high risk of
relapse (up to 30%) of AP. Instead, in patient with necrotizing biliary AP, cholecys-
tectomy should be delayed until active inflammation and fluid collections resolve or
stabilize [3, 6]. In AP without biliary etiology, other protective measures to prevent
relapses are mandatory such as smoking cessation, abstinence of alcohol intake,
withdraw of implicated medications and tight control of hyperlipidemia.

2.7 Long-term consequences

Approximately 20–30% of patients develop pancreatic exocrine and endocrine
dysfunction after AP and 30–50% of those patients will evolve in CP. Risk factors
for these long-term consequences are the etiology, the severity and the degree of
pancreatic necrosis of the initial attack of AP [5].

3. Chronic pancreatitis

CP is a clinical entity resulting from progressive inflammation and irreversible
fibrosis of the pancreas due to cumulative damage to the pancreas over time.
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It is a disease with various manifestations that can severely affect quality
of life, while its long-term complications such as exocrine pancreatic
insufficiency (EPI), diabetes mellitus, and risk of pancreatic cancer can become
life-threatening. Diagnosis of CP can be challenging because, despite recent
advances in imaging technology, radiologic findings are not apparent until late
stages of the disease.

Only dynamic observation of patients with controlled follow-up allows us to
classify pancreatitis and better define the disease by assigning definitive labels
supported by biochemical and radiological sources that are well characterized by
the various classification systems available. The clinician should recognize
pancreatitis at an early stage but avoid making a “definitive” classification
immediately.

3.1 Definition

In the last decade, advances in clinical and translational sciences have redefined
our understanding of CP, thus changing the definition, the diagnosis and the
management of the disease.

The traditional clinopathologic-based definition described CP as a “a continuing
inflammatory disease of the pancreas, characterized by irreversible morphological change,
and typically causing pain and/or permanent loss of function”. Such a diagnostic
assessment resulted in a delay between symptom onset and diagnosis, failing to
identify the underlying etiology, without predicting the clinical course or guide
preventative treatments, being limited to symptomatic or supportive care and
replacement of lost gland function [29].

In 2016, a new Mechanistic Definition of CP was published and adopted
worldwide. This definition affirmed the characteristics of end-stage disease (Table 5)
and addressed the disease mechanism as “a pathologic fibroinflammatory syndrome of
the pancreas in individuals with genetic, environmental, and/or other risk factors who
develop persistent pathologic responses to parenchymal injury or stress”. The new paradigm
is to focus on diagnosing the mechanistic disorder underlying the pathogenic process
early in the disease course and managing the syndrome to change the natural course
and to minimize adverse disease effects. Within this framework it is important to
recognize the difference between pancreatic dysfunction, pancreatitis-related
disorders, and pancreatic disease [30, 31].

Pancreatic atrophy

Fibrosis

Pain syndromes

Duct distortion and strictures

Calcifications

Pancreatic exocrine dysfunction

Pancreatic endocrine dysfunction

Dysplasia

Table 5.
Characteristics of end-stage chronic pancreatitis.
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3.2 Epidemiology

The epidemiology of CP is poor compared with other illnesses. There are few
studies that look at the population distribution of CP, and it is important to note that
these data are not available from large parts of the world. This is likely related to the
difficulties in conducting such studies due to the low prevalence of the disease, the
establishment of an accurate diagnosis, and the focus of previous studies on describing
the clinical profile and natural history of the disease. Over the past two decades, there
has been an interest in documenting the distribution of pancreatic disease in the
population. Incidence of CP is currently estimated between 4.4 and 14 per 100,000
people, with a prevalence of 36.9–52.4 per 100,000 persons, and a male predominance
by a factor of 1.5–4.6 [32, 33]

In 2016, a systematic review by Xiao et al. [34], that included only high-quality
studies conducted on general populations, demonstrated a global pooled incidence of
CP of 10 cases per 100,000 general population per year.

A recent 25-year population-based Danish study by Olesen et al. evaluated the
incidence and the prevalence of CP between 1994 and 2018. The mean incidence rate
was 12.6 per 100,000 person years for the total population; 8.6 vs. 16.7 per 100,000
person years in women and men, respectively. The Authors demonstrated that over a
25-year observation period the prevalence of CP was increasing in the Danish popula-
tion (from 126.6 in 1996 to 153.9 in 2016), while the incidence remained stable; the
mean age at CP diagnosis increased by almost a decade (52.1–60.0 years) [35].

3.3 Etiology

3.3.1 Risk factors

The most common risk factor for CP is alcohol abuse [36, 37]. In 1995, a study from
Levy et al. demonstrated a logarithmic relationship between the relative risk of devel-
oping CP and the quantity of consumed alcohol, although the type of alcohol con-
sumed is irrelevant [38]. There is not a threshold value, but a minimum of 80 g alcohol
per day for a period of at least 6 years is considered to be a risk factor for the
development of CP. An average of 18 � 11 years elapses between the start of excessive
alcohol consumption and the development of pancreatitis [39, 40].

Smoking is an independent risk factor. It accelerates the progression of CP, even
with alcohol abstinence. It leads to pancreatic pain exacerbations and to calcifications.
All patients should be advised to quit smoking [41–43]. In 2009, Yadav et al.
published the results of the North American Pancreatitis Study 2 that prospectively
enrolled 540 patients with CP. A dose-dependent association between smoking and
CP was demonstrated; and patients without an history of alcohol but with 21–35 pack
years have an increased risk of CP with a 3.26 odds ratio [44].

Primary hyperparathyroidism (pHPT) can lead to CP, with or without calcifica-
tions. 1% of patients with CP suffers from pHPT, conversely 12% of patients with
pHPT also have pancreatitis, thus leading to a 28-fold increased risk of developing
pancreatitis in this cohort of patients [45, 46].

Whether the anatomic anomaly pancreas divisum (the most common congenital
malformation of the pancreas) is a risk factor for the development of CP is still a
matter of debate. The S3-consensus conference on CP have reached an agreement on
the following statement: “the presence of pancreas divisum without any further risk
factors tend not to lead to chronic pancreatitis” [47].
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Several genes have been associated with the diagnosis of CP. Genetic testing aim is
to provide early information about the etiology of disease-related disorders that are
contributing to the pathogenic process, to assist in decision making, and to help
prevent the development of irreversible CP [48].

The most important genetic risk factors are variants in cationic trypsinogen
(PRSS1), SPINK1 and carboxypeptidase A1 (CPA1). Further genetic susceptibility
genes are CFTR, chymotrypsinogen C (CTRC) and carboxyesterlipase (CEL) [49–54].

Trypsinogen is a key molecule in the pathogenesis of pancreatitis, up to 66% of
patients with hereditary pancreatitis have a mutation of the PRSS1 gene. Such muta-
tions lead to CP with a penetrance of up to 80% and an autosomal dominant inheri-
tance pattern [55–58].

Mutations of the SPINK1 gene predispose to idiopathic CP, occurring in as many as
30% of patients, however only in 1–2% of the general population. The N34S mutation
in the gene encoding SPINK1 bears an odds ratio of 11.0 in developing CP.

Cystic fibrosis is an autosomal recessive disease with an estimated incidence of
1:2500. The first description of an association between CFTR variants and CP was
published in 1998 [59]. The association between gene mutations and CP has an odds
ratio of around 3–5 [55, 60]. CP patients carrying CFTR variants harbor at least one
mild variant allele giving them residual CFTR function. Pancreas involvement may
vary from a complete loss of exocrine and endocrine function to almost normal
function. Molecular changes in the CFTR gene are associated to up to 30% of patients
with idiopathic pancreatitis.

Patients with a CTRC mutation have an increased risk of developing CP. The first
report dates back to 2008 [52]. Such mutations occur in 3.3% of patients with idio-
pathic pancreatitis.

In addition to those etiologic factors, autoimmune pancreatitis has been recently
characterized. First reported in 1961 by Sarles [61], Yoshida first postulated this
clinical entity in 1995 [62]. This is a systemic fibroinflammatory disease in which the
pancreas is one of the affected organs. Men are affected twice than women. Clinical
symptoms include abdominal pain, jaundice and recurrent episodes of pancreatitis.
Radiological findings include “sausage-shaped pancreas” and diffuse or segmental
Wirsung stenosis, often without prestenotic dilation. Serum levels of immunoglobulin
(Ig) G and IgG4 have been found increased in the Asian patients, but only in 50% of
European ones. Diagnosis is reached according to the HiSORT criteria (Table 6) [63]
which include histology, serology, other organ involvement and response to steroid
therapy [64–66].

3.3.2 Classification models

Distinct classification systems have been developed but, so far, no globally
accepted classification system has been established. Classification systems currently in
use are: Manchester classification; ABC classification; M-ANNHEIM; TIGAR-O; and
Rosemont classification. Only the Toxic/metabolic, Idiopathic, Genetic, Autoimmune,
Recurrent acute pancreatitis, and Obstructive (TIGAR-O) and the pancreatitis with
Multiple risk factors-Alcohol consumption, Nicotine consumption, Nutritional fac-
tors, Hereditary factors, Efferent duct factors, Immunological factors, Miscellaneous
and rare metabolic factors (M-ANNHEIM) classification systems take the etiology of
CP into account.

The M-ANNHEIM system is a multirisk factor classification system. It adds infor-
mation on disease activity and stage, evaluating the role of various risk factors on the
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course of CP [67]. Relying upon traditional clinicopathologic criteria, and resulting in
a score between 0–25, it provides diagnostic criteria for etiology, clinical and diagnos-
tic stage (Table 7).

The TIGAR-O classification system comprises six etiologic groups: toxic-
metabolic, idiopathic, genetic, autoimmune, recurrent AP, and obstructive groups. It

Category Criteria

Histology One of the following:
1.Periductal lymphoplasmacytic infiltrate with obliterative phlebitis and storiform
fibrosis (LPSP)

2.Lymphoplasmacytic infiltrate with storiform fibrosis showing abundant IgG4
positive cells (≥10 cells/HPF)

Imaging CT/MRI Typical: diffusely enlarged gland with diffuse rim enhancement, diffusely irregular
attenuated pancreatic duct
Other: focal pancreatic mass or enlargement; focal pancreatic duct stricture;
pancreatic duct stricture, pancreatic atrophy; pancreatic calcification or
pancreatitis

Serology Elevated serum IgG4 level (>135 mg/dl)

Other organ
involvement

Hilar/intrahepatic biliary strictures, persistent distal biliary strictures, parotid or
lacrimal gland involvement, mediastinal lymphadenopathy or retroperitoneal
fibrosis

Response to steroid
therapy

Resolution/marked improvement of pancreatic/extrapancreatic manifestation with
steroid therapy

LPSP, lymphoplasmacytic sclerosing pancreatitis; CT, computed tomography; MRI, magnetic resonance imaging; IgG4,
immunoglobulin G4; HPF, high powered field.

Table 6.
The Mayo clinic HiSORT criteria for the diagnosis of AIP.

Clinical feature Points

Patient report of pain

No pain without therapy
Recurrent acute pancreatitis (RAP)
No pain with therapy
Intermittent pain
Continuous pain

0
1
2
3
4

Pain control

No medication
Use of nonopioid drugs or use of mild opioids (WHO step 1 or 2)
Use of potent opioids (WHO step 3) or endoscopic intervention

0
1
2

Surgical intervention

Pancreatic surgical intervention for any reason 4

Exocrine insufficiency

Absence of exocrine insufficiency
Presence of mild, moderate, or unproven exocrine insufficiency not requiring enzyme
supplementation (including patient reports of intermittent diarrhea)
Presence of proven exocrine insufficiency (according to exocrine function tests) or presence of
marked exocrine insufficiency defined as steatorrhea (>7 g fat/24 hour), normalized or markedly
reduced by enzyme supplementation

0
1
2
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has been validated in multiple international studies, and in 2019 it was revised to
include new insights from the past 20 years. It is designed as a hierarchical checklist to
quickly document and track specific factors that may contribute to progressive pan-
creatic disease (Table 8) [68].

Clinical feature Points

Endocrine insufficiency

Absence of diabetes mellitus
Presence of diabetes mellitus

0
4

Morphologic status on pancreatic imaging (according to Cambridge classification)

Normal
Equivocal
Mild
Moderate
Marked

0
1
2
3
4

Severe organ complications

Absence of complications
Presence of possibly reversible complications
Presence of irreversible complications

0
2
4

Table 7.
The M-ANNHEIM scoring system for the grading of clinical features of chronic pancreatitis.

Toxic-metabolic

Alcohol-related (susceptibility and/or progression)
3–4 drinks/day
5 or more drinks/day
Smoking (if yes, record pack-years)
Non-smoker (<100 cigarettes in lifetime)
Past smoker
Current smoker
Other, NOS
Hypercalcemia (total calcium levels >12.0 mg/dl or 3 mmol/l)
Hypertriglyceridemia
Hypertriglyceridemic risk (fasting > 300 mg/dl; non-fasting > 500 mg/dl)
Hypertriglyceridemic acute pancreatitis, history of (>500 mg/dl in first 72 hours)
Medications (name)
Toxins, other
Chronic kidney disease (CKD)—(CKD Stage 5: end-stage renal disease, ESRD)
Other, NOS
Metabolic, other
Diabetes Mellitus (with the date of diagnosis if available)
Other, NOS

Idiopathic

Early onset (<35 years of age)
Late onset (>35 years of age)

Genetic

Suspected; no or limited genotyping available
Autosomal dominant (Mendelian inheritance—single gene syndrome)
PRSS1mutations (hereditary pancreatitis)
Autosomal recessive (Mendelian inheritance—single gene syndrome)
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3.4 Diagnosis

The diagnosis is made using a combination of modalities, including exposure
risk, underlying predisposition, cross-sectional imaging, and direct and/or
indirect pancreatic function tests. The first step to diagnose CP is to perform a
detailed history to attempt to elucidate underlying risk factors. Key elements that
must be investigated are hypertriglyceridemia, autoimmune diseases, diabetes
mellitus, and prior AP episodes [68, 69]. The most common clinical manifestations
of CP are abdominal pain and steatorrhea depending on the degree of pancreatic
dysfunction.

Pain is the dominant symptom of CP. It is usually recurrent and can be either episodic
(type A) or persistent (type B). Up to 80–90% of patients complain of pain during the
course of the disease. Painless pancreatitis occurs in 10–20% of patients [40, 70–73].

The occurrence, the etiology and the sequalae of prior episodes of AP should be
determined. Family history is informative especially in patients with early-onset dis-
ease to determine if hereditary or genetic causes are responsible. The use of voluptu-
ous substances such as tobacco and alcohol should be investigated as these are the
main driving factors, for example using the AUDIT questionnaire.

CFTR, 2 severe variants in trans (cystic fibrosis)
CFTR, <2 severe variants in trans (CFTR-RD)
SPINK1,2 pathogenic variants in trans (SPINK1-associated familial pancreatitis)
Complex genetics (non-Mendelian, complex genotypes � environment)
Modifier genes (list pathogenic genetic variants)
PRSS1-PRSS1 locus
CLDN2 locus
Others
Hypertriglyceridemia (list pathogenic genetic variants)
Other, NOS

AIP/steroid responsive pancreatitis

AIP Type 1—IgG4-related disease
AIP Type 2

RAP and SAP

Acute pancreatitis (single episode, including date of event if available)
AP etiology—extra-pancreatic (excluding alcoholic, HTG, hypercalcemia, genetic)
Biliary pancreatitis
Post-ERCP
Traumatic
Undetermined or NOS
RAP (number of episodes, frequency, and dates of events if available)

Obstructive

Pancreas divisum
Ampullary stenosis
Main duct pancreatic stones
Widespread pancreatic calcifications
Main pancreatic duct strictures
Localized mass causing duct obstruction

Table 8.
The TIGAR-O Version 2.0 risk/etiology classification, short form.
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Laboratory values should be tested: triglyceride-levels; Ca++-levels for ruling out
elevated pHPT; carbohydrate deficient transferrin (CDT)/phosphatidylethanol levels.

The sensitivity of pancreatic function testing to diagnose CP is low. To date, there
are no randomized clinical trials, systematic reviews or meta-analysis which specifi-
cally address the use of pancreatic function tests to diagnose CP. As such, pancreatic
function tests should only be used as ancillary test in making the diagnosis [74–76].

Pancreas has a large reserve and only a significant loss of function (usually >90%)
results in the clinically apparent symptoms of vitamin deficiency, steatorrhea and
azotorrhea [77]. EPI is the result of the imbalance within nutritional intake, pancreatic
digestive enzyme delivery to the small intestine, intestinal adaptation to disease and
nutritional needs. CP is an evolving process, and exocrine function is progressively
impaired from a reduced functional capacity to exocrine failure in the late phase. To
detect mild or moderate exocrine pancreatic impairment, invasive tests employing a
hormonal secretagogue (CCK or secretin stimulation tests) maximally stimulating
pancreatic secretion can be useful. Such tests are sensitive but poorly specific, they are
not diagnostic [78, 79]. Conversely, nonhormonal tests of pancreatic function can
detect severe exocrine insufficiency only. Indeed, fecal elastase and fecal chymotryp-
sin can be used in the follow-up of selected patients for identifying a progressive
impairment in pancreatic function by which the chronicity of the inflammatory
process can be confirmed [80–82].

It is critical to demonstrate typical morphological changes in the pancreas, as
imaging is a surrogate for histology. Diagnosis is established via high quality imaging
modalities, which allow identification of the following signs: increased density of the
parenchyma, atrophy of the gland, calcification, pseudocysts and irregularities of the
main pancreatic duct and its side branches. Diagnosis should be based on imaging
performed in symptomatic patients presenting with indicators suggestive of
pancreatic disease [29].

MR with MR cholangio-pancreatography and dynamic MRCP following secretin
administration and endoscopic ultrasound are the imaging techniques of choice to
diagnose early CP and to identify pancreatic malformations in patients with CP. In
early CP dynamic MRCP during secretin administration is useful in identifying initial
morphological changes of the pancreatic duct system and specifically of the side
branches [83].

CT is the technique of choice in diagnosing and localizing pancreatic stones inside
the lumen of the main pancreatic duct or side branches, and in patients with CP and
flare of the disease [84].

Transabdominal ultrasonography (US) is not able to identify early CP, but can
confirm the diagnosis of advanced CP, since it identifies the thinning of the pancreatic
parenchyma, the irregularity of the pancreatic margins, dilatation of the main pan-
creatic duct and of the side branches, and endoductal calcified stones [85].

When the diagnosis cannot be made by radiological or EUS morphologic criteria
and clinical and functional evidence of CP is strong, histological examination via EUS-
guided fine-needle biopsy is the gold-standard to diagnose CP [36].

Testing for germline mutations is not diagnostic of CP, but it rather identifies a
population at risk improving the accuracy of biomarkers and identifies the mechanism
underlying the pathogenic process. Therapies can target the mechanism, and knowing
the mechanism allow to select the most appropriate drug. Patients should be referred
to a genetic counselor for evaluation. At minimum patients with idiopathic CP should
be evaluated for PRSS1, SPINK1, CFTR, and CTRC gene mutation analysis.
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3.5 Management

3.5.1 Pain

Abdominal pain is the most common complication and prevailing symptom of CP.
It can manifest through a spectrum of intensity, form mild and intermittent to severe
unrelenting. Pain is experienced by 75% of patients at the time of presentation and up
to 97% during the clinical course. The pathophysiology is multifactorial and results
from pancreatic and extra-pancreatic causes. Pancreas-related causes include: paren-
chymal and nerve sheaths inflammatory infiltrates, augmented pressure by obstruc-
tion flow of pancreatic juice and increased pancreatic capsule tension due to raised
pancreatic parenchymal pressure. Extra-pancreatic causes include gastric or duodenal
ulcers and meteorism caused by bacterial overgrowth and maldigestion [47, 86].

The NAPS-2 Study categorized five distinct pain patterns according to severity and
pain control (Table 9) [87].

The only pain score explicitly validated for assessing pain in patients with CP has
been published in 1995 by Bloechle et al. [88]: the visual analogue scale. Pain manage-
ment should follow the WHO three-step analgesic ladder. However, WHO pain man-
agement has not been consistently used in the available literature, thus the question
about its effectiveness cannot be answered.

The natural course of pain in CP is characterized by a variable percentage of
patients (47�80%) achieving spontaneous pain relief from 10 to 15 years from onset.
However, a part of patients will suffer of pain indefinitely. Waiting for a spontaneous
pain relief has been defined not reliable by the American Gastroenterological Associ-
ation (AGA) [36].

Endoscopic treatment (ET) is recommended as a first-choice therapy in patients
with an obstructive type of pancreatic pain and in patients with a pancreatic duct
dilatation. This could, also, be useful as a bridge to surgery. The aim of ET is decom-
pression of an obstructed main pancreatic duct, it decreases the numbers of hospital-
izations for pancreatic pain and reduces analgesics intake. Extracorporeal shock wave
lithotripsy (ESWL) therapy in painful CP is indicated if the stone size is >5 mm, the
stone is located in the head or pancreatic body, and there are no strictures of the main
pancreatic duct. It should be combined with ET in cases of large stones with pancre-
atic duct stricture [36, 47].

Surgical options for pain are classified into three categories: decompression
(focusing on ductal hypertension), resection (focusing on inflammatory masses in the
pancreatic head), and mixed techniques. Decompression is recommended in patients
with a main pancreatic duct >7–8 mm and no inflammatory mass. Pain relief is
achieved in 66–91% of patients, however, the long-term results show up to 50%

Pain pattern Description

A I have episodes of mild to moderate pain, usually controlled by medicines

B I have constant mild to moderate pain, usually controlled by medicines

C I am usually free of abdominal pain, but I have episodes of severe pain

D I have constant mild pain that is controlled, plus episodes of severe pain

E I have constant severe pain that does not change

Table 9.
Description of pain patterns used in the NAPS2 study.
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recurrences. Resection in patients with an inflammatory mass or an obstructive CP of
the body or tail. Pancreaticoduodenectomy is effective in 75% of patients but with a
significant morbidity (20%), as such most authors favor the more conservative mixed
techniques. Mixed techniques achieve a short-term pain relief in up to 70–100% of
patients and a long-term pain relief in 82–100%. Mixed techniques are based on the
resection of the inflammatory mass in the pancreatic head and drainage of the
obstructed main pancreatic duct (body and tail). The most widely used techniques are
the duodenal preservation (Berger) or the Frey method which consists in a longitudi-
nal pancreaticojejunostomy and in the coring out of the pancreatic head [47, 89].

A pain management strategy must be well structured and conducted with a logical
approach to minimize long term complication and sequelae. Is recommended to early
involve a pain management specialist during the clinical course, as delays lead to
poorer health and pain control [90].

3.5.2 Lifestyle

Complete cessation of alcohol and tobacco use is of utmost importance. Patients
must be aware that ongoing use will sustain the cycle of pain and lead to further
progression of the disease. Cognitive and mindfulness-based therapies should be
offered to all patients, especially for those who need assistance with abuse disorder.

3.5.3 Enzyme replacement

A weight loss of more than 10% of the body weight, steatorrhea with a fecal fat
excretion of more than 15 g/die (or a pathological pancreatic function test) in combi-
nation with clinical signs of malabsorption (dyspeptic symptoms with severe
meteorism or diarrhea) are a clinical indication for pancreatic enzyme replacement
therapy. Abdominal complaints (diarrhea/steatorrhea, abdominal distension/
meteorism and pain) may be due to intestinal motility disorders caused by
maldigestion and malabsorption [91]. Enzyme supplements are administered by
gastric-acid-protected encapsulated microsphere and contain pancreatin, with the
main components being lipase, amylase, trypsin and chymotrypsin. A successful
treatment is measured by improvement of the disease symptoms. Therapy with
pancreatin purely as a trial for 4–6 weeks may also be beneficial if symptoms are
unclear [91–94].

An untreated severe EPI results in a severe malabsorption syndrome that manifests
in the form of steatorrhea, deficiency of fat-soluble vitamins, weight loss and finally
cachexia [71, 95, 96]. The success of enzyme replacement therapy should be moni-
tored using clinical parameters (weight gain, long-term normalization of the vitamin
status, cessation of abdominal symptoms).

3.6 Surveillance

Incidence of pancreatic cancer is increased in long-lasting CP. Several studies have
addressed this topic. The paper by Bansal and Sonnenberg in 1995 found a clear
relationship between CP and pancreatic cancer (OR 2.23; 95% CI 1.43–3.49) [97].

Should patients with CP be screened for pancreatic cancer? The United States
Preventive Task force has stated that screening the general population for pancreatic
cancer by current modalities is not recommended.
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4. Surgical treatment of complications

Local complications such as pancreatic and/or peripancreatic fluid collections can
occur after an episode of AP or after recrudescence of CP or a blunt, penetrating,
iatrogenic pancreatic trauma. Peripancreatic fluid collections, with or without a
necrotic component, are early manifestations of the pancreatic inflammatory process.

In asymptomatic patients, clinical observation and periodic imaging follow up repre-
sent the most successful management. Prognosis and management are greatly affected
by the recognition between sterile and infected pancreatic necrosis. In symptomatic
patients, with rapidly enlarging pseudocysts or systemic manifestations of organ failure
sustained by an infectious process, an interventional treatment is indicated. In this case
endoscopic drainage approach is the first choice, especially when fluid collection is close
to gastroduodenal lumen. A combination of techniques is possible in patients with large
collections, extended in pelvis and paracolic gutters, or multiple collections [98].

Endoscopic management of pseudocysts and walled-off pancreatic necrosis
(WOPN) has been described in a dedicated chapter of this Book.

Endoscopic drainage techniques consist in [99]: transmural or transpapillary drainage.
Percutaneous drainage remains an important treatment modality for patients with

symptomatic collections. It may be used both as primary therapy and as an adjunct to
other techniques. According to the last International [3], American [100] and
Japanese [24] guidelines, percutaneous catheter (or endoscopic transmural drainage)
should be the first step in the treatment of patients with suspected or confirmed
(walled-off) infected necrotizing pancreatitis. This is applied to decompress retroper-
itoneal fluid collections, to provide a rapid and effective means for source control in
patients with infected pancreatic necrosis. The positioning can be performed via the
transperitoneal or retroperitoneal approaches. Retroperitoneal route is generally pre-
ferred because it avoids peritoneal contamination, enteric fistulas and facilitates a
possible step-up approach.

The surgical odyssey in managing necrotizing pancreatitis is a notable example of
how evidence-based knowledge leads to improvement in patient care. In the begin-
ning of the 20th century surgeons such as Mayo Robson, Mickulicz, and Moynihan, in
the context of the progression of anesthesia, were induced to deploy laparotomy in an
effort to treat complications of severe AP [101]. Over the next decades surgical
intervention became the therapy of choice despite a mortality rate greater than 50%.
Extensive pancreatic resection became the treatment of choice in the 1960s and 1970s.
Innovations and increased accuracy in radiological techniques led to new approaches
for management. Since 1990s several studies proved that nonoperative management
of patients with sterile pancreatic necrosis was superior to surgical intervention, and
that delayed intervention provided improved surgical mortality rates. The treatment
of infected necrosis shifted to a more conservative approach also thanks to a compre-
hensive knowledge of the physio-pathological process of the systemic inflammatory
response and the adoption of novel antibiotics in curbing systemic toxicity and
protecting against organ failure.

According to the last guidelines of the Working Group of the IAP/APA published
in 2013 [3] and of the AGA published in 2020 [100], a symptomatic sterile pancreatic
necrosis is an indication for intervention (either radiological, endoscopical or surgi-
cal). In case of infected pancreatic necrosis invasive procedures (e.g. percutaneous
catheter drainage, endoscopic transluminal drainage/necrosectomy, minimally inva-
sive or open necrosectomy) should be delayed, where possible, until at least 4 weeks
after initial presentation to permit the collection to become “walled-off”.
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Percutaneous drainage, alone or in combination with other minimally invasive
approaches, can be an effective means for source control in patients with infected
pancreatic necrosis. A significant number of patients (23–47%) will resolve their
necrosis with percutaneous drainage alone. In those with persistent disease, a step up
to operative intervention may be undertaken. The tract of the drain is utilized to
access the retroperitoneal space for an intracavitary videoscopic necrosectomy by
which drains are left in the cavity for lavage and fistula control [102–104].

Open debridement with external drainage still plays an important, albeit limited,
role. After access to retroperitoneum, fluid is evacuated and necrotic dissection and
debridement is made. In biliary pancreatitis, cholecystectomy should be practiced but
it is associated with increased incidence of postoperative bile leak or biliary injury.
Colon resection and colostomy have to be considered if mesocolon is involved in
peripancreatic necrosis. A feeding enteral tube and at least two-four drainage tubes
should be placed [105].

Each approach has distinct peculiarities with pros and cons that must be weighted
in each case planning: pattern of disease, physiology of the patient, expertise of the
multidisciplinary team, and the resources of the center [100].
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Imaging of Pancreatitis
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Abstract

Imaging of pancreatitis is very complicated. Correct detection of the various 
forms of pancreatitis is essential for adequate early therapy. In acute pancreatitis, 
imaging is useful for diagnosis, but above all for the research of causes and any 
complications. In autoimmune forms, imaging raises clinical suspicion and guides 
the response to therapy and the search for associated pathologies. In chronic pancre-
atitis, imaging is essential for grading, differential diagnosis with neoplastic diseases 
and follow-up. The classical CT and MRI methods play a fundamental role in this 
sense, being increasingly supported by modern special techniques such as S-MRCP 
and T1-mapping. Finally, interventional radiology today represents one of the main 
minimally invasive methods for the diagnosis and treatment of complications.

Keywords: pancreatitis, CT, MRI, radiology, MRCP

1. Introduction

Imaging of pancreatitis is complex and requires in-depth knowledge of both 
radiological techniques and pathophysiology, pathology and clinical manifestation of 
these diseases. In fact, pancreatitis has very different forms and manifestations, which 
require completely different treatments, therefore imaging, especially CT and MRI, 
are fundamental for the early classification and the consequent therapy. Furthermore, 
many forms of pancreatitis enter into differential diagnoses with other non-inflam-
matory conditions of the pancreas, for which a correct diagnosis as early as possible 
is essential. In this chapter, we will analyze the imaging aspects of acute pancreatitis, 
chronic pancreatitis and rarer forms such as autoimmune and paraduodenal.

2. Acute pancreatitis

Acute pancreatitis (AP) is an acute inflammatory condition with a range of 
severity and various local and systemic complications. The main etiologies are the 
presence of gallstones or alcohol abuse (75–80%); other causes are pancreatic tumors, 
traumatic or iatrogenic damage and drugs (thiazide diuretics, steroids, azathioprine). 
In 10–15% of patients, the cause is not identified [1].

The 2012 Revised Atlanta Criteria is an update of the 1992 original classification of 
AP and is aimed to clarify and improve the terminology of severity grading and local 
complications. AP is now divided into two distinct subtypes based on the presence or 
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the absence of parenchymal necrosis: necrotizing pancreatitis (NP) and interstitial 
edematous pancreatitis (IEP). Patients can develop four distinct collection subtypes 
that are identified based on the presence of pancreatic necrosis and the time elapsed 
since the pancreatitis onset (with 4 weeks as a threshold). Acute peripancreatic fluid 
collections (APFCs; <4 weeks) and pseudocysts (PSCs: >4 weeks) occur in IEP and 
contain fluid only. Acute necrotic collections (ANCs; <4 weeks) and walled-off 
necrosis (WONs: >4 weeks) occur only in NP and contain fluid with necrotic debris. 
APFCs and ANCs are acute complications and they may either resolve or persist, 
developing a mature wall to become delayed complications such as PSCs or WONs, 
respectively. In addition, any collection subtypes may become infected and may lead 
to other local or systemic complications [2, 3].

The pancreatitis severity scale has also been updated to improve the stratification 
and the management of patients; to the original categories of mild and severe AP, 
based on the presence of organ failure, a third moderately severe AP category has 
been added for patients with local complications, substantial morbidity and low mor-
tality. A variety of imaging-based scoring systems can be applied to predict severity 
although they do not account for risk factors like obesity. The computed tomography 
severity index (CTSI) is the most commonly used and recommended scoring sys-
tem, it combines the Balthazar grade with the extent of the pancreatic necrosis on a 
10-point severity scale as shown in Table 1.

Radiological examinations offer various imaging modalities which play specific 
roles in the different phases of acute pancreatitis. In the early phase, during the first 
week after onset, imaging aims to establish the diagnosis, determine the etiology 
and stage the severity; in the late phase, imaging is needed to establish and monitor 
complications and to guide interventional procedures.

2.1 Imaging in the early phase

The onset of pancreatitis is considered to coincide with the first day of pain; in the 
first week after onset, the imaging findings correlate poorly with the clinical severity, 
but they may be useful in assessing the cause of acute pancreatitis [1].

The 2012 Revised Atlanta Classification requires two or more of the following 
criteria to make a diagnosis of AP: a) abdominal pain suggestive of pancreatitis, b) 

Pancreatic features Balthazar grade CTSI 0–3 = mild 4–6 = moderate 7–10 = severe

Normal gland A 0

Local or diffuse swelling B 1

Peripancreatic fat stranding C 2

Single acute fluid collection D 3

≥ 2 acute fluid collections E 4

No necrosis 0

<30% of necrosis 2

30–50% of necrosis 4

>50% of necrosis 6

Table 1. 
Imaging-based scoring systems.
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serum amylase or lipase level greater than three times the upper normal value, c) 
characteristic imaging findings.

Thus, imaging in the initial diagnosis of AP is requested only if the other criteria 
are not conclusive for the diagnosis but is still necessary in the assessment of the 
cause of AP.

Ultrasound (US) is the primary imaging technique for the assessment of the 
biliary tract and should be performed in every patient to rule out gallstones; the 
examination can also show pancreatic swelling, dilatation of the pancreatic duct or 
secondary findings like gallbladder or choledochal wall thickening, pericholecystic 
fluid or fat stranding. The major disadvantage of US is the limited visibility of the 
pancreatic region because of the presence of overlying bowel gas; moreover, US is 
poorly accurate in delineating extra pancreatic inflammatory spread and in detecting 
intrapancreatic necrosis [4, 5].

The American College of Gastroenterology and the American College of 
Radiology appropriateness criteria recommend performing contrast-enhanced 
computed tomography or magnetic resonance imaging only in patients with an 
unclear diagnosis or who do not improve within 48–72 hours of admission [1]. 
In fact, early CT is indicated if a complication is suspected, even if parenchymal 
necrosis may be misdiagnosed due to edema and vasoconstriction. The use of a 
contrast medium is essential for detecting parenchymal necrosis and vascular 
complications; the standard examination includes an unenhanced phase, a pan-
creatic phase (delay of 40–50 s) and a portal venous phase (delay of 60–70 s). A 
monophasic CT protocol is usually sufficient for the diagnosis and the progression 
assessment, while dual-phase studies (arterial and portal venous) are recommended 
in case of suspicion of hemorrhage, mesenteric ischemia or arterial pseudoaneu-
rysm or pancreatic mass [3, 5, 6]. In IEP imaging shows a focal or diffuse pancreatic 
enlargement and an entire parenchymal enhancement with no unenhanced areas 
(Figure 1), although enhancement may be less avid than that of the normal pan-
creas due to the interstitial edema.

Figure 1. 
F, 64 yo, affected by an acute interstitial edematous pancreatitis; At CT a homogeneous decreased enhancement 
of the entire pancreas is appreciable with no evidence of non-enhancing areas (a); at the level of the tail, a 
peripancreatic collection is noticeable (b).
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Necrotizing pancreatitis (NP) account for 5–10% of all AP and in the early phase, 
pancreas can appear edematous and hypoenhancing like in IEP, then non-enhancing 
areas appear as a sign of pancreatic necrosis, which evolves over time (Figure 2). There 
are three subtypes of NP based on the distribution of the necrotic areas: pancreatic 
NP (5%) without peripancreatic collections, peripancreatic NP (20%) showing 
peripancreatic necrosis with collections of fluid and components, combined NP (75%) 
characterized by non-enhancing pancreatic areas and heterogeneous peripancreatic 
collections [1]. The different subtypes of NP can be observed in the same patient at 
different times (Figure 2).

CT shows the extension of the inflammatory process, but it has a limited capabil-
ity of differentiating homogeneous fluid collection from debris within collections; 
moreover, CT has a limited capability of differentiating small necrotic areas from 
local effusions or focal adipose depositions in elderly people [7].

MRI is an alternative imaging technique especially indicated in case of renal 
failure, young patients and pregnant women; it is superior to CT in the characteriza-
tion of pancreatic collections identifying the presence of debris or necrotic material, 
although its longer scanning time makes its use difficult in uncooperative patients. 
Moreover, it is useful in the diagnosis of AP when other criteria are inconclusive and 
US is still uncertain, thanks to its superior sensitivity to pancreatic edema (Figure 3). 
MRI, especially with cholangiopancreatography (MRCP) shows high sensitivity and 
specificity for choledocholithiasis or congenital anomalies which can explain the AP.

MRI features of IEP include a slight parenchymal hypointensity on T1WI and 
hyperintensity on T2WI. There may be acute peripancreatic fluid collections showing 
patchy-like hyperintensity on T2WI in the peripancreatic region, pararenal spaces and 
lesser omental bursa. Diffusion-weighted imaging (DWI) technique allows a better 
appreciation of slight pancreatic edema (Figure 3).

After contrast agent administration, the pancreas shows homogeneous enhance-
ment. In NP the necrotic areas are hypointense on T1WI, hyperintense on T2WI and 
have no enhancement after contrast medium. Collections around the pancreas show 
mixed intensity on T1WI and T2WI, but no enhancement [3, 8].

2.2 Imaging in the late phase: follow up and complications

Imaging is most useful if performed 5–7 days after the onset of AP, when pancreatic 
necrosis, collections and local complications are distinguishable. The Revised Atlanta 

Figure 2. 
F, 78 yo, affected by a biliary NP. The patient underwent a CT follow-up that showed a progressive lack of 
enhancement in the body-tail of the pancreas with large necrotic collections.
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Criteria distinguishes the collections that contain purely fluid in IEP from the collec-
tions that contain also necrotic debris in NP. The distinctions for classifying collections 
are the time course (≤ 4 or > 4 weeks from the onset of pain) and the presence of 
necrosis at imaging [1].

APFCs are diagnosed during the first four weeks in patients with IEP; they are 
peripancreatic homogeneous fluid collections without a wall and tend to conform to 
the retroperitoneal spaces (Figure 4). When a similar collection is seen within the 
pancreatic parenchyma, it is by definition an ANC and the diagnosis is NP. At MRI 
APFCs are homogeneously hypointense on T1WI and hyperintense on T2WI [1, 8]. 
Most APFCs resolve spontaneously, the drainage should not be performed because of 

Figure 3. 
F, 74 yo with the diagnosis of IEP. Patient with 8x increase of lipase and amylase, pain, gallbladder calculi (a) 
but a normal-sized pancreas at US (b). At CT (c) no significant alterations of the pancreatic parenchyma are 
appreciable, but a slight peripancreatic fluid collection in the tail. At MRI, a slight peripancreatic fluid collection 
is appreciable with different sequences: T2 (d), DWI and ADC map (f, g, h), while pancreatic parenchyma does 
not show significant alterations at T1WI (e). With DWI, slight parenchymal edema is appreciable in the tail; 
gallbladder calculi (i).
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the risk of infecting a sterile collection. Pseudocyst develops in fewer than 10% of IEP 
when an APFC does not resolve within four weeks and becomes more organized with 
a wall containing only fluid (Figure 4); it is called pseudocyst because lacks a true 
epithelial tissue. At MRI pseudocysts are uniformly hyperintense on T2WI, with no 
solid components or debris, and have a thin smooth wall; they may have a connection 
to the ductal system.

ANCs are poorly organized necrotic collections that develop in NP within the first 
four weeks of symptoms; they are usually found in the lesser sac, in the pararenal 
spaces or extended into the pancreatic parenchyma with a lobulated appearance and 
containing solid or fat debris (Figure 5). Any collection associated with an NP should 
be termed an ANC, even if it is homogeneous without debris. At MRI, ANCs show 
mixed signals on T1WI and T2WI, with flocculent unenhanced low signal necrotic 
areas [1, 3, 8]. WON is an ANC that after four weeks develops a thick enhancing wall 
containing fluid and debris of necrotic fat or pancreatic tissue (Figure 5); it may be 
confined to the pancreatic parenchyma or be in the peripancreatic space. At MRI, a 
WON shows a well-defined T2-hypointense, gadolinium-enhancing wall and contains 
non-liquid substances floating [1, 3, 8]. Differentiating a pseudocyst from a WON 
is important because WON does not respond to endoscopic cyst gastrostomy, but 
requires surgical debridement [3]. A pseudocyst is peripancreatic with homogeneous 

Figure 5. 
F, 83 yo. CT follow-up of a patient with necrotizing pancreatitis showing the progression over time from an 
acute necrotic collection (a) to walled-off necrosis (b); the late infection of the collection (c) required surgical 
intervention.

Figure 4. 
M, 49 yo. CT images show acute peripancreatic fluid collections (a) within four weeks from the onset of 
interstitial edematous pancreatitis and the development of a pseudocyst four weeks later (b).
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fluid, while WON contains necrotic material and can involve both pancreatic and 
peripancreatic tissue. MRI outperforms CT in the assessment of fluid and necrotic 
debris in the collections for planning interventions [7].

Any collection can be sterile or infected, the only imaging finding of infection is 
the presence of gas appearing as multiple small bubbles scattered throughout the col-
lection (Figure 5). According to some authors, MRI with DWI shows high sensitivity 
(100%) and specificity (91%) in detecting infection of collections, even when CT is 
doubtful due to the lack of bubble gas. On the ADC map the collection shows a target 
appearance, bright at the center and black at the periphery of the collection, with a 
similar appearance to a hepatic abscess [9].

The imaging-guided aspiration of fluid collections or the fine-needle aspiration of 
necrotic tissue can help to diagnose the infection before invasive surgery but can cause 
iatrogenic infection. Percutaneous drainage is preferred to the fine-needle aspiration 
because the culture of the fluid can be easily performed; the fine-needle aspiration 
remains helpful when clinical and imaging findings are confusing [1, 3].

Figure 6. 
F, 56 yo with upper gastrointestinal bleeding a month after acute pancreatitis onset; CT detected a 
pseudoaneurysm of the superior pancreaticoduodenal artery due to walled-off necrosis (a, b). The patient 
underwent an emergent percutaneous angiography that confirmed the extravasation of the contrast medium (c) 
and selective embolization of the culprit branches (d).
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Pancreatic collections may have an extrapancreatic spread resulting in intrasplenic 
collection or abscess, splenic infarction or intrasplenic hemorrhage; similar complica-
tions may occur in the liver. In these cases, the pancreatic enzymes may extend into 
the mesenteries and can cause bacterial translocation, bowel ischemia and perfora-
tion. Moreover, necrotic collections can erode the bowel wall (especially the wall of 
the colon and duodenum in 4% of NP) and create a pancreatic-enteric fistula that also 
manifests gas bubbles in infected collections. Renal involvement is usually due to the 
inflammatory spread to pararenal spaces, the left space is the one commonly involved 
by vascular abnormalities [10].

Other main complications are due to the involvement of vascular structures 
and can lead to developing portal system thrombosis or arterial pseudoaneurysms. 
Splenic vein thrombosis is the most common complication and may result in gastric 
varices or splenomegaly [3]. Arterial pseudoaneurysms can lead to life-threatening 
hemorrhages when the extravasated pancreatic enzymes erode the walls of splenic, 
pancreaticoduodenal or gastroduodenal arteries [3]. In these cases, the interventional 
radiology approach is recommended to perform fast and selective vessel embolization 
with coils or glue (Figure 6).

3. Recurrent acute pancreatitis

Recurrent acute pancreatitis (RAP) is a common clinical problem, among the first 
causes of emergency and expense for gastroenterological pathologies in US [11, 12]. 
Common complications such as the evolution to episodes of acute pancreatitis, the 
onset of diabetes or the progression to chronic pancreatitis represent an eventuality 
with a serious impact on the patient’s quality of life and on healthcare costs [13]. 
About one-third of cases of acute pancreatitis have a recurrence, resulting in the onset 
of chronic pancreatitis over time [14]. In these cases, it is important since the first 
episode of pancreatitis to study its causes in order to be able to prevent the onset of 
new ones, thus avoiding progression to chronic forms. In this sense radiology plays 
an important role, allowing to identify the causes early and treat them promptly, 
improving the patient’s outcome. In fact, the idiopathic forms of acute pancreatitis, 
those without an apparent underlying cause that can be treated, have a significantly 
worse outcome [15].

Clinically it is defined as RAP when two or more episodes of pancreatitis are 
documented three months apart [14]. The underlying causes of RAP are primarily 
biliary and alcoholic. There are also rarer causes, such as hypertriglyceridemia, about 
5%, autoimmune pancreatitis (AIP) and genetic causes. For this reason, it is always 
recommended to measure blood triglycerides, search for possible autoimmune etiolo-
gies (especially type II AIP), and search for mutations affecting at least four genes, 
especially in young patients with early onset of acute pancreatitis, in which a genetic 
mutation exists very frequently [11, 16].

However, radiology is crucial in identifying only some of these causes of recur-
rent pancreatic inflammation, in particular those of biliary origin, those related to an 
anomaly of the pancreatic ductal system, a sphincter of Oddi dysfunction (SOD) or 
other causes of intrapancreatic obstruction.

Although CT and MRI are first-level methods for studying the pancreatic and 
biliary ductal system, currently the gold standard to identify small calculi or even 
small tumors that hinder the outflow of pancreatic juice is endoscopic ultrasonography 
(EUS) [17]. However, this is a highly operator-dependent method, which requires high 
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expertise of the physician and which is not available in all centers. For this reason, CT 
and MRI are more commonly used. CT is useful for detecting ductal obstructions due 
to calcific stones. MRI with cholangiopancreatography (MRCP), on the other hand, 
allows evaluation of the anatomy and possible anomalies of the pancreatic duct and 
its branches. Both methods allow us to study the pancreatic parenchyma, in order to 
identify those causes of RAP that originate from parenchymal disease, such as AIP, 
which will be discussed later. Radiology also has the role of identifying and character-
izing any intraductal papillary neoplasms (IPMN), which can be the cause of RAP. 
Both main duct and branch ducts IPMNs produce mucus, which is viscous and can 
temporarily obstruct the outflow into the main pancreatic duct, causing small pain-
ful colic that can also lead to real episodes of pancreatitis that recur over time. In this 
case, MRI is essential to characterize pancreatic cystic lesions and above all to clarify 
their communication with the ductal system in IPMNs (Figure 7). Other causes of the 
obstacle to the outflow of pancreatic juice that can be effectively studied with radiol-
ogy are congenital variants of pancreatic ducts. The main anatomical anomaly of the 
ducts is the pancreas divisum (Figure 8), in which the pancreatic duct remains divided 
into its two embryonic components: the ventral duct and the dorsal duct. However, 
only about 5% of the population has this anatomical variant and among them, only 
5% will develop symptoms of RAP [18]. Pancreas divisum is classically classified into 
three types: type 1 is when there is an incomplete fusion between the ventral and 
dorsal ducts (more common), type 2 is when there is the total dominance of the dorsal 
duct with complete absence of the Wirsung duct, while type 3 is when there is a thin 
communication between the two ducts (incomplete divisum) [19].

MRCP is also important for detecting the presence of a santorinicele with high sen-
sitivity, which can be one of the causes of pancreatic outflow impairment (Figure 8).

S-MRCP is a morpho-functional method that requires the administration of secre-
tin to the patient and the serial acquisition of MRCP images to evaluate the various 
phases of pancreatic secretion in the duodenum [20]. In a healthy pancreas, 1 minute 
after administration, a filling with minimal dilation of the main pancreatic duct and 
all the side branches is expected, starting to glimpse a duodenal filling. After 5 minutes 
the ductal system is completely relaxed and the duodenum filled with liquid. In case 

Figure 7. 
Male, 66 yo with RAP (3 episodes). Dilatation of the main pancreatic duct (arrows) is appreciable in the tail of 
the pancreas, both at T2w (a) and MRCP (b), compatible with MD-IPMN.
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of impaired functional alterations, such as SOD, which is not detectable with morpho-
logical imaging, this physiological flow in the duodenum is not observed and the ductal 
system remains dilated for a longer time, without emptying regularly (Figure 9).

S-MRCP is useful for identifying cases of santorinicele, as well as for evaluating 
the effects of sphincterotomy [21]. Finally, it is useful for highlighting any anatomi-
cal anomalies of the ducts not clearly visible to the common MRCP which can lead to 
obstructive disease, as previously described.

4. Paraduodenal pancreatitis

Paraduodenal pancreatitis (PDP) is a form of chronic pancreatitis which involves the 
duodenal wall near the papilla minor and the nearby pancreatic parenchyma or the space 

Figure 9. 
M, 42 yo. Recurrent abdominal pain with amylase elevation. S-MRCP during (a) and 5 minutes after (b) 
administration of secretin. The main duct persists dilatated even after 5 minutes, the diagnosis is compatible with 
SOD. The physiological duodenal filling is delayed but partially conserved.

Figure 8. 
M, 41 yo. History of recurrent epigastric pain. At MRCP a pancreas divisum is visible with a small ectasia at the 
level of the minor papilla (santorinicele).
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interposed between them, named pancreatic groove [22]. The disease is strictly related 
to ethanol abuse, affecting mainly 40–50 years old males [23]. Clinical manifestations 
resemble those of chronic pancreatitis, with recurrent pain in the upper abdomen exac-
erbated by eating, nausea and weight loss. Rarer is obstructive jaundice, which is more 
typical of pancreatic cancer, but tumor markers are negative [24]. Different pathological 
entities are grouped in PDP diagnosis. Groove pancreatitis is the most common; it is 
characterized by the formation of scar tissue between the duodenal wall and the neighbor 
pancreatic parenchyma, caused by an anatomical or functional obstruction of minor 
papilla outflow [25, 26]. Even the presence of ectopic pancreatic tissue can cause paraduo-
denal pancreatitis, leading to paraduodenal wall cysts formation. These usually involve 
the descending part of the duodenum and are mostly located in the submucosa [24].

In paraduodenal pancreatitis, CT usually shows a hypoattenuating solid mass in 
the pancreatic groove with duodenal wall thickening often visible, sometimes associ-
ated with cystic lesions. The presence of duodenal wall thickening and cystic changes 
may help to differentiate PDP from pancreatic cancer, where these findings are rare. 
Duodenal stenosis with gastric outlet obstruction is an uncommon finding but it is 
more frequent than in pancreatic cancer [27, 28].

MRCP is the gold standard for the study of paraduodenal pancreatic lesions. In 
solid forms, MRI shows a hypointense lesion near the duodenal wall at T1-weighted 
imaging, with a variable signal in T2-weighting (Figure 10) [29].

The enhancement of these lesions both at CT and MRI is related to their high 
fibrous content, with a slow progressive enhancement, not visible in the arterial 
phase, where the lesion appears hypovascular, but with a later homogenous enhance-
ment, thus allowing to distinguish PDP from PDAC, which usually tends to remain 
hypovascular even in the later acquisition phases (Figure 10) [24].

MRI is also fundamental for studying cystic forms of PDP, first of all highlight-
ing their fluid content, and then studying their relationship with the duodenal wall, 

Figure 10. 
M, 45 yo. Alcohol abuse. Recurrent epigastric pain. Paraduodenal pancreatitis. A small cystic lesion in the groove 
area is appreciated (a), embedded in a hypointense soft tissue mass (b), hypovascular (c, d), with delayed 
enhancement (e). At MRCP the cystic lesion is well appreciated (arrow, f).
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with the ductal system and with the healthy pancreatic parenchyma or with fibrotic 
changes (Figure 10). MRCP sequences are essential for evaluating the relationship 
between the duodenum and intrapancreatic choledochus; in particular, while in 
pancreatic cancer the choledochus is more frequently irregularly stenotic and infil-
trated by the neoplasm, with marked upstream dilation of the biliary tree, in PDP it 
is more frequently smoothly narrowed and displaced, and therefore the MRCP shows 
an increase in the physiological space between the choledochus and the lumen of 
the duodenum (Figure 10) [30]. In the same way, the gastroduodenal artery can be 
displaced in PDP instead of being infiltrated in pancreatic cancer (Figure 10).

Although imaging is important for the study of PDP, both for solid and cystic 
forms, it is not always possible to make a differential diagnosis, in particular with 
PDAC, cholangiocarcinoma or cancer of the duodenal wall which has a worse progno-
sis and require different treatments [29, 31]. Laboratory tests and tumor markers can 
help to sort out the diagnosis, but it is often necessary to combine EUS investigations 
with tissue sampling to rule out the presence of cancer.

5. Autoimmune pancreatitis

Autoimmune pancreatitis (AIP) is an uncommon form of pancreatitis character-
ized by frequent the presentation of focal or diffuse pancreatic enlargement with 
(when the lesion affects the pancreatic head) or without obstructive jaundice, caused 
by a histological lymphoplasmacytic infiltrate and fibrosis and characterized by a 
dramatic response to steroids [32]. Two forms of AIP are classified based on clinical 
and histopathological findings. AIP type 1 is characterized by lymphoplasmacytic 
sclerosing pancreatitis without granulocyte epithelial lesions, with the presence of 
dense infiltrate of IgG4 positive plasma cells, being an expression of an IgG4-related 
systemic disease often characterized by extrapancreatic lesions (i.e., sclerosing 
cholangitis, sclerosing sialadenitis, and retroperitoneal fibrosis). AIP type 2, on the 
other hand, refers to idiopathic duct-centric pancreatitis with granulocyte epithelial 
lesions; this condition does not appear to be associated with IgG4-related systemic 
disease but it can be associated with an inflammatory bowel disease. In this latter 
condition, pancreatic enlargement may not be visible but stenosis of the Wirsung duct 
is characteristic.

The role of radiology in AIP is fundamental, as it can characterize it and distin-
guish it from PDAC in the case of focal AIP, allowing correct management of this 
disease.

MRI with MRCP allows both to evaluate the pancreatic parenchyma, its enhance-
ment, and the morphology of the ductal system [33, 34]. Furthermore, DWI imaging, 
evaluating the microscopic movement of water molecules, can show a restricted 
diffusion due to the presence of cellular infiltrate that limits the water movement. The 
imaging findings must be understood considering that histopathology of AIP includes 
a periductal infiltrate which leads to an increase in the size of the pancreatic gland 
and at the same time to a compression of the ductal system; another important aspect 
that characterizes AIP is the presence of obliterating vasculitis [32, 35, 36]. This is 
important because these two factors, hypovascularization and ductal stenosis, can 
radiologically mimic pancreatic cancer. Therefore, AIP exhibits imaging features that 
may be typical or atypical.

Typical AIP is characterized by diffuse (“sausage-like”) enlargement of the gland 
with a loss of physiological lobulation due to an increase in tissue pressure with 
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delayed enhancement, sometimes associated with rim-like enhancement. In AIP at 
MRCP the main pancreatic duct presents a long reduction of the caliber (more than 
1/3 of the length of the main pancreatic duct) or multiple strictures without signifi-
cant upstream dilatation (Figure 11), differently from pancreatic cancer where the 
stenosis is focal with marked upstream dilatation.

However, some AIP presents with an atypical appearance, showing low-density 
focal mass at CT, pancreatic duct upstream dilatation, or distal atrophy of the paren-
chyma. These atypical imaging findings in patients with obstructive jaundice are 
highly suggestive of pancreatic cancer and should be managed as pancreatic cancer 
unless there is strong evidence for AIP, and a precise workup for cancer is negative 
[32]. However, the presence of segmental or focal enlargement of the pancreas with 
delayed enhancement, highly restricted diffusion and focal narrowing of the main 
pancreatic duct without marked upstream dilatation (<5 mm), are imaging signs 
that may aid in the differential diagnosis between atypical AIP and pancreatic cancer 

Figure 11. 
M, 55 yo. Autoimmune pancreatitis, diffuse form. A diffuse enlargement of the pancreas is appreciable (a), 
showing restricted diffusion with high signal intensity on DWI (b), hypovascular in the arterial phase (c) but 
showing late homogeneous enhancement (d). At MRCP (e), the Wirsung duct is not appreciable due to the 
compression from the enlarged pancreas but returns to normal after steroid therapy (f).
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(Figure 12). If the stenosis is focal and single, the possibility of pancreatic cancer is 
high, but if the stenosis is two or more, it could be a case of atypical AIP [37, 38].

6. Chronic pancreatitis

Chronic pancreatitis (CP) is a pathologic fibroinflammatory syndrome of the 
pancreas in individuals with genetic, environmental and/or other risk factors who 
develop persistent pathologic response to parenchymal injury or stress.

CP is most commonly caused by toxins such as alcohol or tobacco, genetic poly-
morphisms and recurrent attacks of acute pancreatitis.

Figure 12. 
M, 69 yo. Jaundice. Autoimmune pancreatitis, focal form. A focal enlargement of the head of the pancreas is 
appreciable (a), showing restricted diffusion with high signal intensity on DWI (b), hypovascular in the arterial 
phase (c) but showing late homogeneous enhancement (d). At MRCP (e), marked stenosis both of the Wirsung 
duct and choledochus is appreciable, simulating a “double duct sign”, typical of PDAC. After steroid therapy (f) 
both Wirsung duct and choledochus return to normal.
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Early diagnosis of CP is fundamental because early CP is the stage in which target 
therapy is likely to be most effective.

According to American College of Gastroenterology 2020 guidelines, in patients 
with clinical symptoms of a pancreatic inflammatory disorder and/or in patients with 
a suggestive gene–environment risk assessment, cross-sectional imaging, in par-
ticular, CT or MRI with MRCP, should be the first-line tests for the diagnosis of CP, 
because they are valid, reproducible, widely available and non-invasive. Because of 
its invasiveness and minor reproducibility and availability, EUS should be used after 
cross-sectional imaging when the diagnosis is still in doubt, or if there is a concern 
about “minimal changes” that cannot be visualized on cross-sectional imaging. If CT, 
MRI with MRCP and EUS do not confirm the diagnosis of CP and the suspicion is still 
high, S-MRCP is suggested because it allows better visualization of the main pancre-
atic duct and side branches and allows to obtain a semiquantitative measurement of 
duodenal filling [39].

In CP impaired outflow of pancreatic juice induces inflammation and fibrotic 
replacement of pancreatic parenchyma; fibrosis is responsible for reduced ductal 
compliance and ductal anomalies (such as side branches ectasia in early-stage and 
dilatations, strictures and irregularities of the main pancreatic duct in advances 
stages), while inflammation causes intraductal and parenchymal calcifications.

At imaging, in early chronic pancreatitis morphology and dimensions of the pan-
creas are normal, but impairment of pancreatic juice outflow drives mild fibrosis; in 
overt CP, the main pancreatic duct is dilatated and distorted, pancreatic parenchyma 
is thinned and may contain cysts, and intraductal and parenchymal calcifications are 
present.

The role of the radiologist in the early stage is to make a diagnosis of CP and look 
for its causes (so that they can be removed if possible), while in the advanced phase 
the role of the radiologist is to confirm the diagnosis, look for its causes, identify 
complications, monitor the disease and early detect pancreatic adenocarcinoma 
(PDAC) for which these patients are at increased risk [40]. The most valid radiologi-
cal techniques to diagnose and monitor CP are CT, MRI with MRCP and S-MRCP.

CT and MRI have similar sensitivity and specificity in diagnosing CP, respectively 
75% and 91% for CT and 78% and 98% for MRI [41]. CT is cheaper, easily available, 
allows rapid visualization and characterization of calcifications and is much faster, 
thus can be used also in uncooperative patients; on the other hand, MRI allows better 
identification of early parenchymal alteration and subtle ductal changes so it is the best 
technique to diagnose early CP; moreover, it is the best technique to monitor disease 
progression, to early detect pancreatic ductal adenocarcinoma (for which patients with 
CP are at increased risk) and is useful in differentiating focal CP from PDAC and CP 
from IPMN. In any case, the two techniques may be considered complementary.

6.1 MRI imaging

MRI is the best technique to early diagnose and follow up CP, thanks to its intrinsic 
high contrast resolution because it provides optimal visualization of the pancreatic 
ductal system.

MRCP are key sequences for evaluating the pancreatic ductal system and are 
acquired using 2D and/or 3D heavily T2 weighted sequences in which structures con-
taining static fluid appear markedly hyperintense while surrounding solid structures 
display very low signal and appear markedly hypointense (Figures 8–12).
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The best sequence to evaluate pancreatic borders and pancreatic parenchyma is GRE 
T1 fat-sat (either with Dixon technique), because of the intrinsic signal differences 
between the high signal intensity of the pancreatic parenchyma and the suppressed 
signal of the peri-pancreatic fat. With this sequence, the healthy pancreas, whose cells 
are rich in proteins, appears homogeneously hyperintense while the fibrotic replace-
ment of acinar cells leads to a progressive decrease in signal intensity, and this signal 
loss correlates with the decrease in exocrine function (Figures 13 and 14) [42, 43].

Moreover with “T1 mapping”, a novel advanced MRI technique, pancreatic T1 
signal intensity may be reliably assessed and could be used as a practical and sensitive 
biomarker to monitor CP and to diagnose mild CP, even earlier than ductal anomalies 
become appreciable, as the fibrotic replacement of acinar cells precedes ductal altera-
tions (Figure 15). T1 mapping is a quantitative MR imaging technique that allows 
measuring the tissue-specific T1 relaxation time. The T1 relaxation time of pancreatic 
parenchyma is significantly increased in patients with mild CP [44] and, given the 
quantitative nature of the data, T1 mapping may be a more reliable method compared 
to traditional T1 weighted imaging, allowing ready comparison across longitudinal 
time points and permitting a more meaningful interpretation of intensity changes, so 
it could become a biomarker. However, more studies are required to transform these 
potential benefits into clinical practice.

c da

Figure 14. 
M, 70 yo. Evolution of CP few months (up) and few years (down) after necrotizing pancreatitis recovery in T2w 
HASTE sequence (a), unenhanced T1w GRE fat-sat (b), delayed-phase T1w GRE fat-sat (c) and MRCP (d). The 
progressive upstream dilatation of the ductal system is accompanied by a progressive reduction of T1 intensity of 
the parenchyma which is increasingly replaced by fibrosis.

Figure 13. 
T1w GRE fat-sat MRI scan comparing a normal pancreas (a), a mild CP (b) and an advanced CP (c), where the 
non-enhanced T1 intensity of the gland is gradually reduced according to the severity of CP.
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After contrast injection, while a healthy pancreas typically displays strong enhance-
ment in the arterial phase and homogeneously decreasing enhancement in the venous 
phase, in CP fibrotic tissue causes heterogeneously reduced enhancement in the arte-
rial phase, followed by a delayed enhancement in the venous and equilibrium phase, 
related to the fibrotic changes of the pancreatic parenchyma (Figure 14) [28, 43].

The ductal abnormalities are well depicted on MRCP images. In particular, in 
the early-stage CP side branches get mildly dilatated and become visible, while in 
advanced stages are depicted more severe alterations of side branches (such as ectasia 
or sacculation) and alterations of the main duct such as irregular profiles, dilatation, 
focal strictures and filling defects (due to stones and protein plugs). Ductal abnor-
malities of CP can be scored according to the Cambridge Classification modified for 
MRCP (Table 2) [45].

The overall sensitivity of MRCP for diagnosing CP increases from 77–89% using 
S-MRCP [46], which adds both morphological and functional information. Secretin 
infusion induces transitory hypertension in the ductal system improving the morpho-
logical evaluation of the main pancreatic duct and side branches and making eventual 
ducts anatomical variants (such as pancreas divisum), obstructions, stenosis, dilata-
tions and irregular contours easier detectable.

In a healthy pancreas, ductal response to secretin stimulation determines an 
increase in the main duct caliber of approximately 1 mm with a peak at 3 min with 

Figure 15. 
M, 73 yo. Early-stage of CP in T1 mapping sequence (a), S-MRCP (b), T2w HASTE sequence c), unenhanced 
T1w GRE fat-sat (d). T1-mapping shows an increased T1 relaxation time of the gland even before the appearance 
of marked classic signs of chronic pancreatitis. S-MRCP visualization of side branches at body-tail after secretin is 
a sign of early CP.



Multidisciplinary Management of Acute and Chronic Pancreatitis

54

the return to baseline caliber at 10 min. In CP periductal fibrosis causes a decrease in 
ductal compliance and leads to an abnormal and persistent main duct dilatation with 
visibility of the side branches. Thus, visualization of side branches at the body-tail 
after secretin is a sign of early CP (Figure 15) [47]. Moreover, in early stages of CP, 
secretin-induced hypertension may result in acinar filling with a progressive hydro-
graphic enhancement of the pancreatic parenchyma, the so-called “S-MRCP paren-
chymogram” which is a sign of pancreatic outlet obstruction (Figure 16) [43, 48].

Finally, S-MRCP allows to obtain a semiquantitative assessment of the duodenal 
filling which correlates with pancreatic exocrine function, with diagnostic perfor-
mance comparable to that of invasive tests such as endoscopic pancreatic function 
testing [49]. The semiquantitative assessment is performed by applying a grading 
system to duodenal filling from grade I (filling limited to the duodenal bulb, indicat-
ing severely reduced duodenal filling), to grade II (filling visible as far as the second 
portion of the duodenum, indicating reduced duodenal filling),

to grade III (filling beyond the second portion of the duodenum, indicating 
normal duodenal filling); a reduced duodenal filling suggests a decrease in pancreatic 
exocrine reserve. However, the normal duodenal filling does not exclude impairment 
of pancreatic exocrine function; so reduced duodenal filling is a specific but not sensi-
tive sign of CP.

In some cases, CP can be focal and thus simulates PDAC and differential diagnosis 
is very difficult, even for the pathologist, because PDAC is characterized by a rich 
desmoplastic component.

To make a correct diagnosis, the radiologist can rely both on morphological 
criteria (in the particular relationship between the lesion and the dilatated ducts, the 

Grading Imaging findings

I (normal pancreas) Pancreatic ducts are normal

II (equivocal pancreas) 1–2 side branches and main duct 2–4 mm

III (mild disease) ≥ 3 side branches and main duct 2–4 mm

IV (moderate disease) ≥ 3 side branches and main duct >4 mm

V (marked disease) As above with one or more among large cavities (10 mm), gland 
enlargement (>2x), intraductal filling defects or calculi, duct 
obstruction, gross irregularity or contiguous organ invasion

Table 2. 
Grading of chronic pancreatitis.

Figure 16. 
M, 45 yo, Recurrent episodes of pain and increase of pancreatic enzymes. Pre-secretin MRCP (a) shows no 
significant changes. Just 2 minutes after secretin injection (b), an increase in signal intensity of the parenchyma 
can be observed and persists for the full 17 minutes of the exam (c). This phase shows a good passage of pancreatic 
juice in the duodenum due to adequate exocrine function.
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relationship between the lesion and calcifications and enhancement criteria) and on 
functional criteria (in particularly advanced DWI techniques and S-MRCP).

In PDAC both pancreatic dilatated ducts and calcifications are displaced at the 
periphery of the lesion, while in focal CP calcification and dilatated ducts are part of 
the lesion and so are located within it.

Both focal CP and PDAC are hypointense in T1 fat-sat and hypovascular in the 
pancreatic arterial phase, but while PDAC most of the time persists hypovascular, in 
focal CP a delayed enhancement is often detected.

Both focal CP and PDAC cause stenosis of the main duct, however, while in focal 
CP the stenoses reduce or resolve after secretin stimulation (duct penetrating sign), it 
does not change in PDAC (Figure 17) [50].

As the risk of pancreatic cancer is significantly elevated in patients with CP 
(cumulative risk at 10 and 20 years after the diagnosis of pancreatitis, respectively 
1.8 and 4% [40]), this population needs to be followed up also to early detect PDAC, 
when the lesion is still resectable. MRI with MRCP and eventually with s MRCP is the 
best technique to early detect PDAC since very often the first sign of PDAC onset is 
focal stenosis of the main duct that does not resolve after secretin stimulation.

In advanced CP, the aspect of the pancreatic ductal system may mimic that of 
the main duct intraductal papillary mucinous neoplasm (MD-IPMN); however in 
MD-IPMN the dilatation of the main duct is more homogeneous with regular margins 
and without strictures, usually associated with bulging ampulla, sometimes with 
grape-like secondary duct dilatation and with a solid nodule in a duct, while specific 
findings of CP are ductal dilatation with strictures, the presence of a stone and side 
branches ectasia with non-cystic appearance (Figure 18) [51].

Figure 17. 
M, 65 yo. CP with evidence of two ductal strictures at MRCP sequences (arrows) at diagnosis (a) and a 
few months later (b). CT (c) performed two years later discovers multiple gross calcifications of pancreatic 
parenchyma, typical of CP.

a b c

Figure 18. 
CP with multiple calcifications at CT scan (a) and diffuse dilatation of ductal system at MRCP (b), compared to 
a mixed IPMN with main duct IPMN component clearly visible at MRCP (c).
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In conclusion, nowadays MRI is the best technique to early detect and monitor CP, 
to early detect PDAC in patients with CP and make a differential diagnosis between 
PDAC and focal CP and between MD-IPMN and CP. In the future MRI with T1 map-
ping could provide a biomarker to detect and monitor CP [52].

6.2 CT imaging

CT has been a cornerstone for evaluating CP, thanks to its availability and reliabil-
ity. Even if MRI has superior accuracy for imaging the ductal system, CT with its high 
spatial can well depict both the parenchyma and the dilatated ducts in a few minutes 
and provides good-quality morphological information even in uncooperative patients; 
moreover, CT is the best technique to detect and study the structure of parenchymal 
and intraductal calcifications, and to identify CP complications such as pseudocysts, 
vascular thrombosis and pseudoaneurysm [52].

Unenhanced CT may be considered complementary to MRI and MRCP because 
it allows to easily identify and precisely localize both pancreatic parenchymal and 
ductal calcifications (important information for treatment planning) (Figure 19), 
and permits to study the structure of stones, in order to identify features suggestive 
of gene mutations associated with CP. In particular stones with a hypodense central 
core, with the so-called “bull’s eye” appearance, are detected in 67% of patients with a 
gene mutation associated CP [53] and identifying these patients is important because 
they have an even higher risk of developing PDAC and thus require strict surveillance, 
genetic counseling and family testing.

During the pancreatic parenchymal phase (a late arterial phase acquired approxi-
mately 40 s after the initiation of intravenous contrast injection) parenchymal 
enhancement is typically reduced in CP, due to fibrotic changes. Moreover, complica-
tions such as fluid collection and vascular abnormalities like pseudoaneurysms are 
detected. In the portal venous phase (70–90 s after intravenous contrast medium 
injection) venous vessels can be adequately studied and complications such as fluid 
collection and vascular abnormalities like thrombosis are detected [43].

Although CT represents a reliable technique to study patients with CP, it has some 
important limits. First of all, CT has low sensitivity to detect minimal pancreatic and 
ductal changes, thus a negative CT does not rule out an early/mild CP [54]. Moreover, 
CT causes patient exposure to ionizing radiations, which raises concerns for longi-
tudinal monitoring in particular for younger patients, and finally it has rather low 

Figure 19. 
M, 48 yo. Chronic calcific pancreatitis with multiple gross calcifications in the dilatated ductal system (a), 
invisible at MRCP sequence (b).
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sensitivity (58–77%) to detect small iso-attenuating PDAC because of its non-optimal 
contrast resolution [55, 56].

7. Conclusion

Imaging of pancreatitis is complex. CT and MRI, also flanked by modern S-MRCP 
techniques and in the future by T1-mapping, allow their early differential diagnosis, 
the search for the underlying causes, guide the therapeutic path and the response to 
therapy, allowing careful follow-up.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 3

The Anesthesiologist Contribution 
to Management of Acute 
Pancreatitis
Annapaola Dotto

Abstract

Acute pancreatitis is a complex disease, and although most patients have a 
self-limiting illness, a minority of them develop severe disease and may need 
Intensive Care Unit admission. Regardless of severity degree, two cornerstones of 
acute pancreatitis multidisciplinary management are: fluid resuscitation and pain 
relief. These patients are frequently hypovolemic because of decreased oral intake, 
vomiting, fever, and fluid sequestration associated with pancreatic and systemic 
inflammation. Early intravenous volume resuscitation seems to reduce pancreatic 
hypoperfusion and multiorgan failure, but fluid overload has been associated with 
worse outcome, and maintaining proper hydration could be challenging. Acute 
pancreatitis is a very painful condition and effective analgesia is one of the priorities. 
Pain relief has a positive impact because of reduced stress response, sympathetic-
induced vasoconstriction, and pulmonary complications. It is suggested to use a 
multimodal analgesic approach, to achieve patient’s satisfaction, minimize opioid 
consumption and side effects. A modern and effective approach involves the use of 
patient-controlled analgesia and thoracic epidural analgesia. We would revise these 
two items to offer early and better multidisciplinary management to patients with 
acute pancreatitis, including those with mild to moderate disease, who are managed 
in general surgical wards, with the aim to improve their outcome and hospital stay.

Keywords: fluid resuscitation, systemic inflammatory response syndrome,  
pain management, epidural analgesia, patient-controlled analgesia

1. Introduction

Acute pancreatitis (AP) is an acute inflammatory disorder of the pancreas with 
a complex and variable course. Most patients develop only mild to moderate disease 
meaning no or just transient organ failure during the first 48 hours after the onset, 
but about 20–30% develops a severe form with local complications such as necrosis 
and often associated with single or multiple organs dysfunction and necessity of 
intensive care unit (ICU) admission. Severe AP is associated with persistent hemo-
dynamic instability, respiratory distress with mechanical ventilation requirement, 
kidney failure, and is burdened by high mortality. ICU patients are often sedated and 
receive careful pain management, as well as careful hydration control [1, 2].
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Patients with AP typically present with acute abdominal pain and significant 
depletion of intravascular volume. The main goal of initial treatment is to alleviate 
symptoms and prevent complications [3]. Fluid management and pain control are 
two central aspects of multidisciplinary care of AP, seem to impact on evolution, and 
influence the outcome. Management in the early hours gives the impression to be very 
important, when patients are usually assessed and assisted in the emergency depart-
ment or general surgical ward.

Most patients have a self-limiting disease that resolves with supportive measures, 
and clinical choices can adjust the course of disease, reduce the hospitalization and 
health costs [4, 5].

Early intravenous volume resuscitation reduces pancreatic hypoperfusion and 
multiorgan failure, but fluid overload has been associated with worse outcome, and 
maintaining proper hydration could be challenging.

Pain relief has a positive impact because of reduced stress response, sympathetic-
induced vasoconstriction, and pulmonary complications. A modern and effective 
multimodal analgesic approach aims to achieve patient’s satisfaction and minimize 
side effects.

AP can evolve and worsen so it is required to routinely reassess the clinical 
parameters and personalize the fluidic and analgesic therapy [6].

There is evidence that the incidence of AP has been rising in recent years, probably 
due to the increase in the average age, obesity, and some drug therapy for chronic 
disease treatment too. As a result, they are patients with significant comorbidities 
that require a considerable health effort, which may involve several healthcare 
professionals.

This is why multidisciplinary management could be helpful, with the purpose of 
improving patient’s outcome and hospital stay.

2. Fluid management

The AP treatment is currently symptomatic, and fluid management is a corner-
stone of its therapy as well as being the intervention most likely to improve clinical 
outcomes. Patients are frequently hypovolemic due to decrease oral intake, vomiting, 
fever, tachypnea, and fluid sequestration associated with pancreatic and systemic 
inflammation. Pancreatic hypoperfusion may be attenuated by fluid resuscitation, 
therefore preventing pancreatic necrosis and lowering mortality [4, 7, 8].

Using experimental animal studies, it has been estimated that approximately two 
liters of fluid diffuse from the intravascular space to the interstitium, during the first 
6 hours [7].

Fluid therapy to prevent hypovolemia and organ hypoperfusion comes from sepsis 
care, which has some pathophysiological similarities with AP.

After initial pancreatic acinar injury, the high amount of proteolytic enzymes 
produces local inflammation, proinflammatory cytokine, and vasoactive mediators 
release, with an increase in vascular permeability. Locally it results in interstitial fluid 
extravasation with edema of the gland, capillary vasoconstriction, and the  production 
of microthrombi, which further worsen pancreatic perfusion. Cytokines such as 
interleukin (IL)-1, IL-6, IL-8 and systemic mediators such as tumor necrosis factor 
alpha (TNF-α) usually amplify this vicious circle and induce systemic inflammation, 
which can lead to systemic inflammatory response syndrome (SIRS).
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SIRS is an exaggerated defense response of the body to a noxious stressor, which 
can be represented by infection, trauma, surgery, acute inflammation, ischemia, or 
reperfusion. Even though the purpose is defensive, the dysregulated cytokine storm 
can cause a massive inflammatory cascade leading to reversible or irreversible end-
organ dysfunction and even death [9]. This storm represents the link between sepsis 
and AP, which is initially an aseptic inflammatory disease.

Likewise, as in septic patients, a low intravascular volume results in a decreased 
tissue perfusion, which can cause multiorgan failure, which increases complications 
and mortality rate. At the same time, overly aggressive hydration, especially in 
patients with preexisting kidney disease or hearth failure, increases the need for 
mechanical ventilation, the rates of infections, and thus mortality [1, 3].

Fluid dynamics are fundamentally different in mild and severe pancreatitis. The 
first one is easier to manage, because it is enough to restore the fluid deficit owing to 
vomiting, lower intake, and insensible losses. But the second one is characterized by 
vascular leakage with extravasation of protein-rich fluid, liquid sequestration, and 
hypoperfusion [10].

At the same time, we know that a mild form can evolve into a severe one, because 
in a sense they represent a pathophysiological continuum. Therefore, the revaluation 
is crucial to direct the right hydration and the evolution of the disease itself.

2.1 The fluid: How much of which one?

Unfortunately, there is still some degree of uncertainty about total amount of 
fluid, optimal infusion rate, and the type of solution.

Clinical data on the amount of fluid needed to prevent necrosis or to improve 
outcome are contradictory. In the past, an aggressive fluidic resuscitation meant a 
considerable and very rapid volume load, which could correspond of 2 liters bolus in 
the first hour and a subsequent maintenance of 20 ml/kg/h.

Even in some recent reviews, the initial volume of fluid administered varied 
substantially and also the strategy of maintenance—with or without initial bolus—
was not uniform, with infusion’s rates that vary from 1 to 15 ml/kg/h. Currently, 
however, it has emerged that a very early volume load in the course of AP may be 
beneficial, while rapid volume loads in advanced stages are harmful [7]. Hence, after 
fluid resuscitation in the first 12–24 hours, infusion should generally be curtailed, to 
avoid respiratory complications or abdominal compartment syndrome.

In fact, after 20–40 minutes of infusion, only 20% of crystalloid remains in the 
intravascular space because most inevitably migrates to the interstitium, further 
worsening the oxygen diffusion. This is why too much fluid is as harmful as too little.

The value of early goal-directed therapy in these patients remains unknown. It 
is evident that an excessively rigid protocol of fluid management is illogical because 
“one size doesn’t fit all,” while it may be more beneficial to identify some personalized 
therapeutic end points [4].

Intravascular volume and an adequate perfusing pressure need to be restored, 
but infusion rate should be carefully tailored to individual patients, considering 
factors such as age and comorbidities. Fluid resuscitation should focus on improving 
heart rate, mean arterial pressure, central venous pressure, urine output, blood urea 
nitrogen concentration, and serum lactate.

It appeared that colloid administration could improve the outcome. But actually 
hydroxyethyl starch (HES) fluids are not recommended in AP because subsequent 
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studies failed to demonstrate improved mortality and instead found increasing rate 
of kidney injury or need for renal replacement therapy [11]. In fact, the American 
Gastroenterological Association (AGA) suggests against the use of HES fluids, 
however, with very low quality of evidence.

The use of high volumes of normal saline—0.9% sodium chloride—has also 
been shown to have harmful effects on plasma electrolyte balance, leading to 
hyperchloremic acidosis. The large chloride load results in acidosis that could promote 
or exacerbate inflammation and renal injury.

Now isotonic balanced crystalloids are the preferred fluid. Particularly strong 
evidences came from the SMART trial of 2018, which found a reduction rate of the 
composite outcome of death from any cause, new renal-replacement therapy, or 
persistent renal dysfunction in patients given balanced crystalloid than saline [6, 12].

A recent study indeed reports a shorter hospital stay and fewer ICU admissions 
in the group of patients randomized to receive Ringer’s lactate, which is a balanced 
crystalloid isotonic versus plasma and seems to have an anti-inflammatory effect.

It is worth remembering that all these fluids are artificial solutions, which differ 
from human plasma composition. This is true also for balanced crystalloid, which 
varies in its electrolyte concentration, osmolality, and pH. Clinicians must then 
choose the better fluid to prescribe and its adequate amount, depending on the 
specific patient [13].

Based on multiple studies, a continuous infusion of 3 ml/kg/h would constitute 
aggressive and 1.5 ml/kg/h nonaggressive fluid therapy. As a general guidance, the 
choice of fluid should be a balanced crystalloid and the volume infused around 3–4 
liters in the first 24 hours. There also should be predefined checkpoint at 6 or 8 hours 
to assess volemia and the other perfusion parameters [10, 14].

2.2 A rational strategy

As outlined before, initial management of AP within the first 48–72 hours of 
admission can modify the course of disease and length of hospital stay [5].

In the early phase, the goal is to restore circulating blood volume and improve 
peripheral tissue oxygenation. Easy clinical markers of adequate hemodynamic func-
tion are heart rate, blood pressure, respiratory rate, O2 saturation, and urine output [8].

Fluid resuscitation is indicated to rapidly optimize tissue perfusion targets. In 
Figure 1, a practical approach is schematized, starting from resuscitation with 
500–1000 ml of balanced crystalloid that is meant to normalize macrocirculation 
parameters such as blood pressure and heart rate and also microcirculation features 
such as refill time and skin color.

Obviously, this fluidic load is commensurate to the magnitude of hypotension and 
volume must be adjusted to the patient’s age, weight, and preexisting renal injury or 
heart disease.

Subsequently, it is suggested to replace the ongoing losses with a continuous 
infusion of about 3 ml/kg/h during the first 12 hours and can be reduced to 1.5 ml/
kg/h if physiological parameters improve or when patients resume hydration by 
mouth.

Caution is recommended to avoid fluid overload, and fluid administration should 
be guided by frequent reassessment of the hemodynamic status. However, it is par-
ticularly important to check blood pressure, heart rate, and pulse saturation every 6 
or 8 hours, according to the severity of patient’s disease, with the purpose of knowing 
if intravascular volume is adequate to ensure a good organ perfusion and oxygenation.
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Most authorities recommend titrating intravenous fluids administration to specific 
measurable targets of perfusion, which in a nonintensive environment, may be well 
represented by effective diuresis and lactate reduction. These are two indicators of 
adequate organ perfusion and indirectly suggest that the availability of oxygen is 
appropriate [6].

It is extremely important to follow the evolution of the patient’s clinical conditions 
to tailor our therapies. If there is no parameter improvement but rather diuresis 
contracts, lactates increase, respiratory insufficiency arises, or patient becomes 
hemodynamically unstable despite ongoing hydration, ICU transfer is indicated.

3. Pain control

Acute abdominal pain is the commonest presenting symptom of AP and the leading 
reason for hospital admission. It was already identified as the most popular finding by 
the board of International Symposium on Acute Pancreatitis of 1992 and still repre-
sents one of the three diagnostic criteria of the revised Atlanta Classification [15].

Pain consistent with AP is localized in the epigastric region and radiates like a 
belt around the trunk into the back. It is usually constant and described as deep and 
penetrating, due probably to retroperitoneal localization of pancreas. Pain may be 
exacerbated by eating, drinking, or lying supine and is often associated with nausea 
and vomiting [16, 17].

Its pathogenesis is complex and multifactorial: pancreatic acinar cell injury trig-
gers the synthesis and release of pro-inflammatory cytokines and chemokines such as 
leukotrienes, bradykinin and arachidonic acid metabolites, and pancreatic proteases 
such as trypsin stimulate sensory neurons, which release substance P and calcitonin-
gene-related peptide. This sophisticated signal net tends to self-amplify and involve 
the immune system with leukocytes activation too [18].

Whereas for almost all patients with AP experience pain, its relief is a clinical 
priority. Patients must receive satisfactory analgesia after hospital admission and 

Figure 1. 
Early fluid resuscitation strategy.



Multidisciplinary Management of Acute and Chronic Pancreatitis

70

until they need, tailored on subjective perception and modulated according with day-
by-day pain variation, in order not to compromise their quality of life. Providing good 
analgesia is associated with enhanced lung function and reduced deep vein thrombo-
sis: if pain is well controlled, patients can breathe deeply, sitting on chair and walking 
around. All these activities reduce length of stay and improve outcome.

Unfortunately, no guidelines provide sufficient details regarding analgesia 
administration in AP, and best current recommendation is to adhere to the acute pain 
management in the perioperative setting.

Several randomized controlled trials (RCTs) analyze the feasibility of a specific 
strategy or compare safety and efficacy of different analgesics, but clinicians who 
daily work in surgery or emergency wards probably do not find it very useful [19].

This is the reason why we revise the most recent literature and provide some 
simple indications about type, dose, route, and frequency of analgesia administration, 
in accordance with the current evidence.

3.1 Multimodal analgesia

Numerous studies have focused on comparing the efficacy of different classes of 
intravenous analgesic, in order to choose only one of these to manage AP pain, but a 
more modern approach is growing.

There is consistent evidence that multimodal analgesic approach should be used 
when treating postoperative pain, and it is possible to extend this concept to the 
management of acute pain in general, because it means achieve better pain control 
minimizing side effects. Combined different classes of analgesics such as nonsteroidal 
anti-inflammatory drugs (NSAIDs), paracetamol, and opioids, which act through 
several mechanisms and bind different receptors, enable to reach a satisfying 
analgesic plain, using a lower dose of each one [20].

NSAIDs inhibit prostaglandins production acting on phospholipase A2 and 
cyclooxygenases (COXs) and thus relieve pain by reduction of pro-inflammatory 
cytokines cascade. NSAIDs have been shown a protective effect against AP in elective 
contest such as endoscopic retrograde cholangiopancreatography (ERCP), probably 
because COX-1 and COX-2 inhibition downregulates local inflammation and 
mediators spread [21, 22].

Paracetamol is the most popular analgesic and antipyretic drug in the world and has 
the well-known advantage of being used even in patients at increased risk of bleeding, 
but its mechanism of action is still unclear. It has a central effect, when given as a rapid 
intravenous bolus over 15 minutes, which is mediated by serotoninergic descending 
pathway, inhibits cyclooxygenases (especially COX-3 isoenzyme), and acts via the 
endocannabinoid system. Therefore, its analgesic effect comes from a quite different 
process respect of NSAIDs and justifies their association [23].

Opioids are the most frequently prescribed analgesics for pain relief of patients 
with AP. All opioids used in clinical practice today exert their action on μ receptors, 
with some having additional activity on κ and δ. Opioid receptors are distributed 
throughout the central nervous system (CNS) and in the dorsal horn. They have two 
main effects: block incoming nociceptive afferents (medulla and brainstem) and 
increase the inhibitory activity of the descending pathways (periaqueductal gray). 
They act on multiple sites of the CNS, also lowering negative affective connotation 
of pain [24].

They are the most powerful analgesics available and beyond relieving pain they 
have the advantageous property of making patients feel relaxed and promote sleep. 
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People who are sick in fact are often distressed, anxious, insomnious because of 
discomfort, and sometimes oppositive to treatment.

Despite old beliefs about the risk of the Oddi’s sphincter spasms after systemic 
administration, several studies have clarified that opioids do not negatively impact 
on the course of AP and could be safely administered, and their use may decrease the 
need for supplementary analgesia [25, 26].

It is known that opioids expose to a greater risk of nausea, vomiting, and stypsis 
and that is why the association with non-opioids helps to reduce the total amount 
of their administration but allowing to obtain an analgesia level that would be 
unthinkable with paracetamol alone.

No evidence or recommendation about any restriction in pain medication is 
available. Of course, NSAIDs should be avoided in patients with acute or chronic 
kidney injury.

Ensuring proper analgesia avoids the chronicization of pain and therefore the 
long-lasting intake of anti-inflammatory drugs or even worse opioids addiction.

Furthermore, pain is a potentially treatable cause of delirium, a condition 
that frequently affects elderly or multipathological patients admitted to hospital 
especially in the case of prolonged hospitalizations, as the case for AP in general. 
Delirium is an acute and fluctuating disturbance of consciousness with reduced 
ability to focus, maintain, or shift attention, accompanied by change in cognition. It 
includes psychomotor disturbances, disorder of the sleep–wake cycle, and emo-
tional instability. It also causes poor patient cooperation, complicating medical and 
nursing care.

It is of clinical interest because it correlates with length of hospitalization, long-
term cognitive dysfunction, and mortality; therefore, it is a costly health condition 
and significantly impacts on outcome and patient performance.

Delirium has multifactorial causes, but there is convincing evidence that sleep 
deprivation is a risk factor for the development and in our patients, insomnia is 
frequently pain-related [27].

3.1.1 A practical approach

Good pain management is providing timely coverage during all day. Both surgical 
and oncologic pain are controlled by prescription of one medication, or a combina-
tion of medications, that is given at regularly intervals through the day, for maximum 
control of baseline pain. This is the around-the-clock medication (ATC), and we 
could agree that a patient with AP deserve to receive at least paracetamol 1 g every 
6 hours and one NSAIDs, for example, ketorolac 30 mg or ketoprofen 100 mg, every 
8 hours (Figure 2) [28, 29].

In addition, we should also include a rescue therapy, to cover breakthrough pain 
that is not adequately covered by ATC and morphine 3 mg could be a good option 
because it’s easily managed in the surgery ward and nursing staff are confident with. 
It is possible to administer again the same dosage after 30 minutes, which is the time 
for morphine to achieve maximum effect and the recommended dose is 10–15 mg 
within 24 hours, depending on the patient’s age and kidney function. In fact, mor-
phine has a long half-life and produces some active metabolites, and its elimination is 
dependent on kidney excretion, so it can easily accumulate in subjects with impaired 
renal function and cause undesirable effects such as respiratory depression. Old 
people are more sensitive to pharmacodynamic effect of opioids, and clinicians must 
be aware of this and pay more attention with their prescription [30].
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Knowing that AP is an overly complex pathology and associated pain can range 
from mild to severe, it would be advisable to contact the anesthesiologist if the 
administered morphine exceeds 10 mg, because it might be reasonable to upgrade the 
analgesia strategy. A multidisciplinary approach to patient care is the key for a more 
comprehensive assessment and his greater satisfaction.

3.2 Patient-controlled analgesia

A patient-controlled analgesia (PCA) pump is a computerized machine that gives a 
programmed amount of analgesic, usually an opioid, when the patient presses a button 
(bolus or demand dose). The drug might be delivered only as a bolus, or also with a 
continuous background infusion (basal rate) depending on the pharmacokinetic and 
dynamic of the drug itself, the entity of pain, and the patient performance.

Anesthesiologist presets the dosage in order to make the infusion absolutely safe [31].
PCA is a widespread technique already used to treat acute and chronic pain, in 

postoperative setting and emergency department. It has proven to be more effective 
than non-patient opioid injections because patients can self-administer small dose of 
analgesic, this results in better pain control and higher satisfaction, moreover with a 
net reduction in opioid consumption [32].

It is universally recognized that undertreatment of pain has important impact, 
including hemodynamic fluctuation with tachycardia and hypertension, peripheral 
vasoconstriction, which can cause poor peripheral perfusion, activation of the stress 
response with increased cortisol production and hyperglycemia, and not least patient 
discomfort.

One of the problems with pain management is time from patient complain and 
drug administration. Unfortunately, sometimes it takes a lot because of department 
organization, and there is strong evidence that poorly controlled pain is much harder 
to relieve than and indeed increases the incidence of chronic pain.

PCA therapy increases patient satisfaction, decreases pain scores, and reduces 
opioid consumption [33, 34].

3.2.1 PCA with morphine

Morphine is used for the management of moderate to severe pain. It is metabolized 
in the liver with formation of several metabolites, among which morphine-6-glucuro-
nide is actually responsible for the observed response. It is predominantly excreted 

Figure 2. 
An example of multimodal analgesia schematic approach.
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in the urine, and its half-life elimination is about 2–4 hours, partly still under active 
metabolites. It is a drug with a high interindividual variability both as regards the pain 
reduction and side effects such as respiratory depression, constipation, nausea, and 
itching. Also for this it is important to choose an adequate administration protocol 
(Table 1) [35].

The bolus is the dose of morphine delivered each time the patient presses the but-
ton, and it might range from 1 to 3 mg depending on patient’s physical characteristics: 
we will prefer lower dosages in elderly and frailty subjects. Morphine has an onset 
time of 15 minutes, but a slower peak effect, and it needs at least 30 minutes to exert 
its action. This is why the lockout interval, or time after a bolus in which another one 
is not allowed even if patient presses the button, is 20 minutes to permit the analgesic 
effect and prevent overdosing. Because of its long context-sensitive half time, after an 
adequate loading dose, the demand dose alone might be enough without background 
infusion, to reach satisfactory analgesia.

The 4-hour limit defines the maximum allowed amount of medication to be 
administered within that period, is usually less than the dose given if the patient 
presses the button every time, and acts as a safety mechanism.

The loading dose is a starting bolus that you can administer with the pump or 
manually with the aim to achieve more rapidly the patient well-being and having 
adequate stable concentration.

3.2.2 PCA with sufentanil

Among opioids, sufentanil has the highest therapeutic index, hence the safest to 
use. It is enormously powerful; therefore, it ensures excellent analgesia, but at the 
same time, it benefits from a much lower incidence of respiratory depression.

Is a highly lipophilic opioid and has a small volume of distribution. It has a time to 
peak effect after bolus of approximately 6–8 minutes, thus the patient will be able to 
manage in a satisfactory and punctual way his own analgesia, profiting from a rapid 
achievement of the effect.

It does not produce active metabolites and its excretion is not conditioned by renal 
function, as is the case for morphine, so it has a higher safety profile in elderly or 
patients with renal failure.

Its high therapeutic index and predictable pharmacokinetics make it the ideal 
candidate for administration via PCA pump as schematized in Table 2 [36].

Sufentanil has a faster half-life of elimination than morphine and a sensitive 
context half-life that is too short, this is the reason why it is advisable to couple with 
a background infusion of about 2–5 μg/h to reach a stable concentration and main-
tain the analgesic effect between boluses. The continuous infusion will administer 
72–120 μg in 24 hours, which represents a reasonable and harmless amount.

In most cases it may be enough to set a low infusion (2 μg/hour) and instead prefer 
a more consistent bolus (5 μg).

MORPHINE PCA

Loading dose Bolus Lockout Continuous infusion 4-hour limit

3–5 mg 1–3 mg 20 min 0.2– 0.5 mg/h 10–15 mg

Table 1. 
Schematic morphine PCA administration.
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The lockout may be shorter than what we usually set for morphine, because the 
sufentanil reaches peak effect more quickly, therefore 10–15 minutes are enough to 
ensure the effect perception, avoiding excessive self-administering.

It is preferable to give a loading dose before starting PCA infusion to immediately 
relieve patient’s condition and maybe observe the effectiveness of it [37].

3.2.3 Ketamine

Ketamine is an old hypnotic that is back in vogue because at low concentration acts 
as a fantastically painkiller and has safe profile because it does not impact on respira-
tory drive.

It inhibits N-methyl-D-aspartate receptor (NMDA-R) of glutamate, which is 
the main excitatory neurotransmitter: blocks nociceptive peripheral afferents into 
posterior dorsal horn, propagation through spinal cord, brainstem. and then higher 
centers projections.

Ketamina acts synergistically with opioids and hence has an opioid-sparing effect. 
Blocking the NMDA receptor prevents the calcium channel opening and its entry 
into the cell, which would lead to a lowering of the pain threshold and a lack of pain 
control with opioids.

Adding a little amount of ketamine, for example, 40–50 mg, to the PCA pump 
could be an excellent way to improve the patient’s analgesic management, reducing 
side effects and above all avoiding the need to increase morphine or sufentanil dos-
ages. It also appears that this drug has the pleasant effect of mood improving, which 
can represent an added value to our therapy.

This approach significantly enhances activity of both morphine and sufentanil, 
improves their efficacy, and reduces tolerance to opioids [38–40].

3.3 Thoracic epidural analgesia

AP causes severe pain, which sometimes is difficult to adequately control with 
intravenous analgesics, therefore epidural analgesia becomes a good treatment option. 
Epidural analgesia is an essential component of perioperative medicine because it 
guarantees an excellent pain control, reduces opioid consumption, and improves 
recovery especially after major surgery. It is currently used for labor pain manage-
ment in the delivery room because it allows to modulate analgesia according to the 
various stages of labor, with great mothers’ satisfaction. It is also employed in ICU 
after severe chest trauma.

There is recent evidence from both preclinical and clinical trials supporting 
beneficial effects of epidural analgesia in AP. These studies suggest that epidural 
analgesia increases arterial perfusion of pancreas and redistribution of blood flow to 
nonperfused pancreatic regions [41, 42].

AP resulting from an inappropriate activation of trypsinogen leads to local 
injury and inflammation with increased capillary permeability, edema, augmented 

SUFENTANIL PCA

Loading dose Bolus Lockout Continuous infusion 4 hours limit

5–10 μg 2–5 μg 15 min 2–5 μg/h 40 μg

Table 2. 
Schematic of sufentanil PCA administration.
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leukocyte adhesion, free radical production, and enhanced coagulation activity. This 
inflammatory vicious circle releases proinflammatory cytokines (IL-1, IL-6, IL-8) 
and systemic mediators (TNF-α) that discharge into the circulatory stream triggering 
a systemic inflammatory state.

Pancreatic tissue has been shown to be extremely sensitive to hypoxemia and 
ischemia, conditions that can lead to tissue necrosis and which strictly depend 
on microcirculation. Inadequate microvascular perfusion and hypoxia may play a 
significant role in early disease progression.

Thoracic epidural analgesia (TEA) induces a selective segmental sympathetic 
block, which, in addition of pain removal, increases splanchnic perfusion and reduces 
ischemic damage. TEA was found to improve gut mucosal perfusion and liver injury 
in sepsis too. It reduces pro-inflammatory state and improve outcome [43–45].

Significant complications related to the use of TEA are epidural hematoma, 
infection, and nerve damage. In spite of most of the research being done on patients 
admitted to ICU and thus with critical conditions, epidural has proved to be a safe 
technique [46]. This suggests that it can be used safely even in subjects with mild to 
moderate AP who are admitted to emergency or surgical department, if needed, for 
example, in obese or pneumopatic patients for whom we prefer to avoid opioids.

One of the reasons that creates reticence in the use of TEA is the fear of its 
hypotensive effect but, as for obstetrical analgesia, is possible to use low local 
anesthetics’ concentrations with none or minimal hemodynamic impact.

3.3.1 Practical tips

Pancreas sympathetic afferent innervations originate from both thoracic and 
lumbar spinal cord (T6–L2 metamers). The epidural catheter might be placed at the 
thoracic level (indicatively between T8 and T10) and analgesia can be driven with 
an elastomeric continuous infusion or with a patient-controlled epidural analgesia 
(PCEA) with only mandatory bolus or demand dose.

In any case, the use of low anesthetic concentrations is recommended, for exam-
ple, ropivacaine 0.05%–0.075% administered with bolus of 5–7 ml, to minimize the 
block extension regarding the risk of hypotension. If it is not enough to meet patient 
satisfaction, is possible to increase this concentration to 0.1%–0.125%. The associa-
tion of an opioid is always indicated, and sufentanil 0.2–0.5 μg/ml may be a desirable 
choice because of is lipophilicity.

Combination with an opioid results in better analgesia with smaller dose of 
anesthestic [43].

3.4 Pain evaluation

A successful strategy of pain management starts with measuring the patient’s pain.
The numeric rating scale (NRS) consists of a numeric version of the visual analog 

scale and is one of the most commonly used to assess pain severity (Figure 3). It 
helps healthcare professionals in quantifying a very subjective condition such as pain, 
in order to modulate analgesic administration and understand if current therapy 
works. On the other hand, it encourages patients to become active participants in pain 
assessment and management, and this is reflected on a well perception of care during 
hospital staying [47].

Scores also help in sharing information between different health professionals, 
speak the same language, and easily reassess patient’s response.
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NRS starts with zero that means no pain and well-being, numbers from 1 to 3 
correspond to mild pain, from 4 to 6 moderate pain and above severe pain. Number 
10 identifies worst possible pain.

3.4.1 The ladder and the clock

As mentioned above, not only is it important to ensure adequate analgesia during 
all phases of hospitalization, but also to choose the most appropriate strategy for the 
single patient.

The schematic approach in Figure 4 suggests assessing NRS score of the patient 
and if it is inferior to 5, is possible to start with a simple intravenous analgesia round 
the clock at fixed hours. Instead, if NRS is more than 5, is better to choose a stronger 
approach like a pump or the epidural. So, it would be advisable to involve the anesthe-
siologist and planning the better strategy for the patient.

4. Conclusions

AP is a complex disease, and a growing understanding of its pathophysiology has 
proven that pancreatic microcirculation is crucial in the development of necrosis. 
Current evidence supports the benefit of a proper fluid administration and pain relief 
in optimizing tissue perfusion and reducing AP worsening.

Early fluid resuscitation is the key to optimize pancreatic perfusion, reduce local 
necrosis, prevent hemodynamic deterioration and the systemic impact of disease. 
At the same time, it is important not to overload the patient, because a fluid excess 
worsens the outcome.

Figure 4. 
Step up pain control.

Figure 3. 
Numeric rating scale.
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Abstract

Acute pancreatitis (AP) is an inflammatory disorder of the pancreas, representing 
one of the most frequent causes of admission to hospital for gastrointestinal diseases 
in Western countries. Gallstones and alcohol play a fundamental role in the etiology 
of AP, but several other factors are involved, such as drugs, viruses, trauma, autoim-
munity, anatomical anomalies. Chronic pancreatitis (CP) is a chronic inflammatory 
and fibrotic disease of the pancreas, in the pathogenesis of which both environ-
mental factors, such as alcohol abuse and smoking, and genetic ones (SPINK1, 
CFTR, PRSS1 mutations) contribute. Endoscopic techniques are commonly used in 
the management of acute and chronic pancreatitis, allowing in many instances the 
avoidance of surgical intervention in acutely or chronically ill patients. This advan-
tage is best represented by endoscopic removal of biliary stones in acute gallstone 
pancreatitis. Furthermore, also peripancreatic collections, such as pseudocyst or 
walled-off necrosis, can be managed endoscopically, ensuring a minimally invasive 
drainage. In CP endoscopy has a diagnostic role, especially in the early stages of the 
disease, but above all therapeutic, in the management of pancreatic duct strictures 
or stones. Other fields amenable to endoscopic intervention include treatment of 
potential causes of recurrent AP, such as sphincter of Oddi dysfunction and pancreas 
divisum.

Keywords: ERCP, EUS, walled-off necrosis, pseudocyst, acute pancreatitis,  
chronic pancreatitis

1. Introduction

Acute pancreatitis (AP) is an acute inflammatory process of the pancreas that 
may involve peripancreatic tissues and/or other remote organs, as part of a systemic 
inflammatory syndrome. It represents one of the most common causes of hospitaliza-
tion for gastroenterological disorders [1].

The course of AP can be variable, with most patients showing a mild self-limited 
disease, requiring only supportive treatment. However, some patients still have a 
severe course, with a mortality rate of 10–20% [2]. Even if many factors, as intensive 
care unit intervention and early recognition and treatment of complications, have 
reduced mortality from AP over the past 20 years, the management of this disease 
remains challenging.
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The aims of endoscopy in AP include investigation and treatment of the causal 
factors and management of local complications, such as organized pancreatic necro-
sis, ductal disruption, and pseudocysts.

Chronic pancreatitis (CP) is a syndrome characterized by chronic progressive pan-
creatic inflammation, fibrosis, and scarring, resulting in damage and loss of exocrine 
(acinar), endocrine (islet cells), and ductal cells [3].

Pain is the predominant symptom observed during the course of CP. The etio-
pathogenesis of pain in CP is multifactorial and includes not only ductal hypertension 
due to obstruction of the pancreatic duct (PD) (calculi or stricture) but also neu-
ropathy, peripheral sensibilization, and local or systemic complications (pseudocyst 
or distal biliary obstruction) [4]. Both pain intensity and frequency of pain attacks 
reduce quality of life in patients with CP.

Endoscopic therapy in painful CP is based on the rationale that pain is related to an 
overflow obstruction of the main pancreatic duct (strictures or pancreatic intraductal 
stones): the mainstay of endoscopic treatment includes decompression of pancreatic 
duct with stents (plastic or metal stent) in those with stricture(s), and fragmentation of 
pancreatic duct stone(s) using endoscopic retrograde cholangiopancreatography (ERCP) 
and/or in combination with extracorporeal shock wave lithotripsy (ESWL). This is the 
reason why only selected cases of patients with CP are amenable to endoscopic treatment.

Endoscopic ultrasonography (EUS) has emerged as a complementary endoscopic 
modality in the management of CP as well as associated complications like pseudo-
cysts, refractory pain, and vascular complications (Table 1).

2. Acute pancreatitis

2.1 Endoscopic management of acute biliary pancreatitis

In Western countries, gallstone represents the first cause of AP, accounting 
for almost half of the cases, affecting middle-aged people, especially women [5]. 

Indication Endoscopic therapy

Pain

Pancreatic stone ESWL, ERCP, per-oral pancreatoscopy (laser or electrohydraulic 
lithotripsy)

Pancreatic stricture Stents (plastic or FCSEMS), EUS-guided drainage

Celiac plexus block EUS-guided

Complication

Biliary stricture Stenting (multiple plastic stenting or FCSEMS)

Pseudocyst Endoscopic drainage (EUS-guided, transpapillary, or combined)

Pancreatic duct leak Transpapillary stenting

Vascular complications (gastric varices, 
pseudoaneurysm)

EUS-guided coil-glue, thrombin injection

ESWL, extracorporeal shock wave lithotripsy; ERCP, endoscopic retrograde cholangiopancreatography; FCSEMS, fully 
covered self-expandable metal stent; EUS, endoscopic ultrasonography.

Table 1. 
Indications and endoscopic modalities in chronic pancreatitis.
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The pathogenic mechanism by which gallstones determine AP is a temporary 
obstruction of the main pancreatic duct. Biliary AP should be suspected in presence 
of elevated liver function tests (LFTs) within 24–48 hours of the onset of symptoms, 
with alanine aminotransferase (ALT) >3× upper limit of normal having a 95% 
 positive predictive value for AP. Nevertheless, its negative predictive value is only 
50%. Aspartate aminotransferase (AST), alkaline phosphatase (ALP), and bilirubin 
have both low sensitivity and negative predictive value [6].

Most patients with biliary AP have a mild-to-moderate disease course, benefiting 
from conservative management. The majority of common bile duct (CBD) stones 
causing biliary AP are small (≤5 mm), and their spontaneous passage into the duo-
denum occur in 80% of cases, with no need for endoscopic intervention. Magnetic 
resonance imaging (MRI) or EUS is requested to exclude the presence of CBD stones, 
prior to ERCP. While the utility of EUS in identifying the cause of AP after the acute 
attack is well established, data regarding the role of EUS during hospitalization for AP 
are limited. In presence of AP edema of the duodenal wall, pancreatic and peripancre-
atic inflammation, fluid or necrotic collections make difficult the study of pancreatic 
parenchyma, gallbladder, and biliary tree. Thus, EUS aimed to identification of small 
pancreatic cancer or early changes of chronic pancreatitis must be avoided. On the 
contrary, EUS could be useful in the diagnosis of choledocholithiasis due to its higher 
sensitivity compared to MRCP for small CBD stones (<5 mm). In those patients with 
AP and intermediate risk of CBD stones, EUS may avoid unnecessary ERCP [7, 8].

Guidelines recommend against urgent ERCP (within 48 hours) in AP, especially 
in case of severe disease, unless in presence of cholangitis or ongoing/worsening 
biliary obstruction. However, if choledocholithiasis is confirmed, ERCP with biliary 
sphincterotomy and stones extraction should be performed during the index hospi-
talization, in order to reduce the rate of readmission for a new episode of biliary AP. 
If CBD has been completely cleared from stones during ERCP, biliary stenting is not 
routinely indicated before cholecystectomy. In cases of acute suppurative cholangitis, 
when smaller contrast injection and shorter procedural time, due to bad clinical status 
of the patient, are required, placement of a biliary stent can ensure adequate drainage, 
waiting to be able to perform biliary stone extraction. In patients with large bile duct 
stones, endoscopic large balloon dilation after sphincterotomy is suggested [9].

In case of mild biliary AP, same-admission cholecystectomy or early cholecystectomy 
(within 2–4 weeks from the onset of AP) is recommended, to avoid recurrence of AP [10].

2.2  Endoscopic management of acute pancreatitis associated with congenital 
variants

2.2.1 Pancreas divisum

Pancreas divisum (PD) represents the most frequent congenital pancreatic malfor-
mation, resulting from a failure of the fusion between dorsal and ventral pancreatic 
ducts during the second month of fetal life, with preferential pancreatic juice outflow 
via the dorsal pancreatic duct through the minor papilla. PD is defined as complete if 
no communication between the ventral and dorsal ducts is visible, incomplete if com-
munication remains. The prevalence of PD in caucasian population is about 5–10%, 
and more than 95% of these patients are asymptomatic, with incidental diagnosis on 
abdominal imaging [11].

PD has long been regarded as a predisposing factor to AP, but studies conducted 
on individuals with recurrent AP showed that the comparable AP incidence between 
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patients with PD and those with normal ductal anatomy. PD is, infact, a co-factor 
which in association with certain genetic mutations of serine protease inhibitor Kazal 
type 1 (SPINK1) gene, cystic fibrosis transmembrane conductance regulator (CFTR) 
gene, and chymotrypsin C (CTRC) gene increases the risk of AP [12]. Other addi-
tional factors that can determine AP in PD are the presence of stenosis of the minor 
papilla or santorinicele, which consists in cystic dilatation of the distal dorsal duct just 
proximal to the minor papilla [13].

ERCP is the gold standard for diagnosis of PD, but it is not used as a diagnostic 
method, given its invasiveness and the high accuracy of magnetic resonance pancrea-
tography after secretin injection (s-MRCP) [14]. EUS shows also a high diagnostic 
accuracy for PD with a sensitivity of 87–95%, with absence of a “stack sign,” i.e., the 
parallel alignment of distal CBD, ventral pancreatic duct and portal vein, presence of 
a “crossed duct sign,” which is given by the crossing of dorsal pancreatic duct over the 
bile duct anteriorly and superiorly [15].

In asymptomatic patients with incidental diagnosis of PD therapeutic measures 
are not required, reserving them for those with recurrent attacks of AP, even if of 
mild entity, or those who had one attack of severe AP in absence of other identifiable 
causal factors. Also the presence of santorinicele with large main pancreatic duct 
could be an indication for treatment. Endoscopic therapy includes minor papilla 
endoscopic sphincterotomy (mPES) and minor papilla orifice balloon dilation. Given 
the high risk of post-ERCP AP associated with both these procedures, placement of a 
prophylactic temporary pancreatic stent is advisable [16].

2.2.2 Other congenital variants

Anomalous pancreatobiliary union (ABPU) affects 1.5–3% of individuals, and 
it consists in the union of the pancreatic and bile ducts outside the duodenal wall, 
resulting in a longer common channel (more than 15 mm proximal to the duodenum) 
that promotes reflux of bile and pancreatic juice into the alternative duct. Therefore, 
stones, protein plugs, or sphincter of Oddi dysfunction can cause temporary obstruc-
tion to pancreatic flow. All these factors determine an increase of pancreaticobiliary 
intraductal pressure, leading to AP [17]. AP is reported in 3–31% of APBU patients, 
and it is generally mild and self-limiting. Endoscopic sphincterotomy may decrease 
the risk of AP in these patients [18].

Choledochocele is a rare congenital or acquired condition, consisting in dilatation of 
the intraduodenal segment of the CBD. In these patients, AP occurs when the cystic dila-
tation or its content (sludge or stones) causes obstruction of the pancreatic duct outflow. 
Endoscopic sphincterotomy in order to unroof the choledochocele is recommended [19].

2.3 Endoscopic management of acute idiopathic pancreatitis

Recurrent AP is defined by the occurrence of two or more episodes of AP. 
Etiological diagnosis of AP is achieved in 70–90% of cases. Minimal diagnostic 
workup during a first episode of acute pancreatitis is suggested by guidelines and 
includes detailed personal history, family history, physical examination, laboratory 
tests (i.e. liver enzymes, calcium, and triglycerides), and transabdominal ultrasound 
(US) [20]. If etiology cannot be determined using this workup, AP is defined idio-
pathic, and this occurs in around 10–30% of cases [21].

There are several causes of AP that may be missed with this workup, and thus fur-
ther diagnostic modalities, such as MRCP and computed tomography (CT), should be 
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considered to rule out the presence of ductal adenocarcinoma or intraductal papillary 
mucinous tumors, or autoimmune pancreatitis. EUS may identify an etiology in 61% 
idiopathic AP, mainly represented by microlithiasis or sludge [22]. Also early chronic 
pancreatitis could be diagnosed with EUS, as possible cause of recurrent AP. When no 
etiologic factors are identified, sphincter of Oddi dysfunction should be suspected. 
ERCP with sphincter of Oddi manometry is the gold standard diagnostic test, but it 
is associated with significant morbidity [23]. At present, ERCP with sphincterotomy 
represents the treatment of choice for patients with structural or functional stenosis 
of the sphincter of Oddi, with reports of 70–90% resolution of symptoms [24].

2.4 Endoscopic management of acute pancreatitis complications

2.4.1 Pancreatic fluid collections

Pancreatic fluid collections (PFCs) are a frequent complication of AP, and their 
correct classification is important to guide the management. In 2012, an international 
working group has modified the Atlanta classification for AP, introducing new 
terminology for PCFs, which are classified according to the time elapsed since the 
collection was formed and to the presence or absence of necrosis. Acute collections in 
the first 4 weeks are called acute necrotic collections (ANCs) if necrosis is present or 
acute peripancreatic fluid collections (APCs), in absence of necrosis. After 4 weeks, 
when a capsule develops, persistent acute peripancreatic fluid collections are called 
pseudocysts and acute necrotic collections are called walled-off necrosis (WON) 
(Figure 1) [25]. The majority of APC resolve spontaneously and only a 5–15% of them 
transform into pseudocyst. On the contrary, half of ANC become WON. 16–47% of 
pancreatic necrosis get infected [26, 27].

PFCs drainage is recommended in presence of symptoms and/or complications 
such as abdominal pain, gastrointestinal obstruction, vascular compression, biliary 
obstruction, or infection. Size alone is not an indication for treatment. Historically, 
drainage has been performed via surgical techniques. However, in the last decade, 

Figure 1. 
Pancreatic fluid collections.
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thanks to new and advanced endoscopic tools and expertise and consequent reduc-
tion in health care costs, minimally invasive endoscopic drainage has become the 
preferable approach [28].

The first conventional endoscopic transmural drainage of PFCs consisted of 
endoscopic visualization of PFC bulge in the gastric wall, creation of a fistulous tract 
between PCF and gastric lumen with a seldinger technique, insertion of a guidewire 
into the PFCs cavity, dilation of the tract, and, finally, deployment of one or more 
plastic stents to secure apposition of the lumens and continuous drainage [29]. A 
nasocystic catheter was generally performed to promote liquefaction of the debris and 
improve drainage. Infusion of hydrogen peroxide (H2O2) facilitated dislodgement and 
removal of necrotic debris. Adverse events, even if rare, such as bleeding, perforation, 
and self-limited pneumoperitoneum, have been reported [30]. To remedy the subop-
timal drainage efficiency of plastic stents, especially in WON, covered biliary metal 
stents were used for this purpose. However, they were associated with complications, 
such as migration, erosions, or ulceration over gastric or retroperitoneal side and 
difficulty in performing necrosectomy [31].

Recently, a new dedicated bi-flanged lumen apposing metal stent (LAMS) has been 
introduced for EUS drainage of PFCs. LAMS has been specifically designed to create 
an anastomosis between the cyst cavity and the gut lumen. At first, the insertion of a 
guidewire inside the collection by a standard 19G FNA needle was necessary to release 
the stent. Subsequently, a new device in which the LAMS is equipped with an electro-
cautery-enhanced delivery system avoided the use of multiple accessories to achieve 
the drainage. Different diameters are available for these stents [32]. Published data 
report that, compared to plastic stents and fully covered metal biliary stents, LAMS 
determines an earlier resolution of PFCs. They are associated with increased costs 
and, in the first published series, with increased risk of adverse events, in particular 
pseudoaneurysm-related bleeding [33]. Recent studies have shown that earlier removal 
of LAMS, within 3 weeks from stent placement, significantly reduces the frequency 
of bleeding complications, with same rate of adverse events of plastic stents. Finally, 
recent scientific literature supports the use of LAMS for drainage of PFCs, mostly 
because they make possible to access the WOPN cavity with a standard gastroscope, 
after dilatation of the cysto-gastric tract with a balloon, to perform lavage and direct 
endoscopic necrosectomy (DEN) [34]. Hydrogen peroxide plus normal saline is used 
for the lavage of the cavity, and then necrotic debris is removed under direct vision 
using snares or baskets. Several sessions may be necessary to achieve complete DEN.

2.4.2 Disconnected pancreatic duct syndrome

In severe AP, necrosis of the pancreatic parenchyma may cause loss of integrity of 
the pancreatic duct, determining duct disruption, i.e., a partial interruption of the 
duct integrity, or its disconnection, i.e., a circumferential interruption of the duct. 
This leads to extraductal and extrapancreatic leakage, which can be complicated by 
recurrent PCFs and their possible infection, or pancreatic fistulas [35].

The diagnosis of disconnected pancreatic duct syndrome (DPDS) is usually delayed, 
given a lack of awareness on the topic, resulting in increased morbidity, cost of treat-
ment, and duration of hospital stay. Surgery has been for long time the best approach 
for the management of DPDS, consisting of either resection or internal drainage proce-
dures. Anyway, in the setting of a severe AP, surgery is often difficult due to presence of 
local inflammation and vascular alterations, as extensive venous collaterals consequent 
to splenic vein thrombosis [36]. With recent advancements, endoscopy offers new 
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minimally invasive therapeutic options for the management of DPDS. When a co-exis-
tent PFC is present, endoscopic approach consists of EUS-guided transmural drainage. 
In DPDS without a co-existing PFC, surgery is the best option as endoscopy cannot 
ensure internal drainage of the secretions of disconnected pancreas. Transpapillary 
drainage in patients with is effective only in patients with partial pancreatic duct 
disruption that can be bridged with the positioning of a stent. In complete disruption of 
pancreatic duct, bridging with pancreatic stent is often not feasible [37].

3. Chronic pancreatitis

3.1 Endoscopic diagnosis of chronic pancreatitis

Diagnosis of CP derives from a combination of clinical symptoms, as abdominal 
pain, malabsorption, diabetes mellitus, and pancreatic function tests, as fecal elastase 
and morphological pancreatic abnormalities, and as calcifications, atrophy, ductal 
dilatation or strictures, and pseudocysts. At advanced stages of the disease, when 
both symptoms and morphological alterations are present, reaching the diagnosis is 
generally easy. On the contrary, it is much more challenging in earlier stages, given 
both to the low sensitivity and specificity of usual diagnostic methods and to the 
absence of a widely shared definition of early CP. According to a recent consensus, the 
term “early” describes the disease state rather than the disease duration; thus, it refers 
to a condition in which features of advanced CP are lacking [38].

Imaging has a fundamental role in the diagnosis and therapeutic management of 
patients with CP, and the most frequently used imaging modalities for CP are EUS, 
ERCP, MRI, computed tomography (CT), and abdominal ultrasound (US). EUS and 
ERCP showed the highest sensitivity (81 and 82%, respectively) and specificity (90 
and 94%, respectively) [39]. Nevertheless, guidelines recommend using US, CT, 
and MRI as first imaging diagnostic approach, due to their larger availability and 
noninvasiveness, reserving EUS only to cases in which cross-sectional imaging is not 
conclusive [40]. ERCP should be used for therapeutic purposes only.

EUS diagnosis of CP is based on the assessment of ductal and parenchymal 
morphologic features, which correspond to histopathological changes. They initially 
embraced 11 criteria, then become 9, which are summarized in Table 2. In the absence 
of any criteria, a diagnosis of chronic pancreatitis is unlikely, whereas when five or 
more criteria out of nine are present, chronic pancreatitis is likely [41].

Since the different pathological characteristics in CP have not the same importance 
in terms of diagnostic value, the “nine criteria classification,” giving to each crite-
rion the same relevance, has not a high diagnostic accuracy. Thus, another scheme, 

Parenchymal abnormalities Ductal abnormalities

Hyperechoic foci with and without shadows Stones in the duct

Hyperechoic strands Duct irregularity

Cysts Main duct dilation

Honeycomb-like lobulation Visible side branches

Hyperechoic contours on the main duct

Table 2. 
Nine classic criteria for establishing a diagnosis of chronic pancreatitis on EUS.
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named Rosemont classification, proposed by the International Consensus, divides 
parenchymal and ductal criteria in major and minor features. Major criteria for CP 
are hyperechoic foci with shadowing and main pancreatic duct (PD), calculi and 
lobularity with honeycombing. Minor criteria for CP are cysts, dilated ducts, irregular 
pancreatic duct contour, dilated side branches, hyperechoic duct wall, strands, non-
shadowing hyperechoic foci, and lobularity with noncontiguous lobules (Table 3) 
[42]. Basing on these consensus criteria, the EUS diagnosis could be consistent with 
CP, suggestive of CP, indeterminate for CP or normal (Table 4).

3.2 Endoscopic management of obstructive pancreatic ductal stone

Pancreatic stones seem to arise either as direct and evenly calcified stones or as 
radiolucent protein plugs that may or may not become calcified during the course 

Consistent with CP
A. 1 major A feature (+) ≥ 3 minor features
B. 1 major A feature (+) major B feature
C. 2 major A features

Suggestive of CP
A. 1 major A feature (+) <3 minor features
B. 1 major B feature (+) ≥3 minor features
C. ≥5 minor features (any)

Indeterminate for CP
A. 3 to 4 minor features, no major features
B. Major b features alone or with <3 minor features

Normal
≤ 2 minor features, no major features

Table 4. 
EUS diagnosis of CP on the basis of consensus criteria.

Major A criteria:

• Hyperechoic features with shadowing

• Main pancreatic duct calcifications

Major B criteria:

• Lobularity with honeycombing

Minor criteria

• Lobularity without honeycombing

• Hyperechoich features without shadowing

• Pseudocysts

• Stranding

• Irregular main pancreatic duct

• ≥ Dilated duct branches

• Main pancreatic duct dilation

• Hyperechoic main pancreatic duct wall

Table 3. 
The Rosemont classification for endoscopic ultrasound-based criteria for the diagnosis of chronic pancreatitis.
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of the disease [43]. The majority of pancreatic stones are calcified and radiopaque. 
Their prevalence increased with time and was detected in approximately 62% of 
patients with CP [44]. The best candidates for the successful treatment of painful CP 
are patients with solitary stones, with distal obstruction of the main pancreatic duct 
(located in the pancreatic head), and with a mean size of 10 mm and associated with 
strictures [4, 45].

ERCP and extraction are recommended for smaller (< 5 mm), nonimpacted stones 
of the main pancreatic duct [46]. ERCP can achieve main pancreatic duct drainage by 
sphincterotomy of the major and/or minor papilla, by short-term stent placement, 
or by pancreatic stone extraction using basket or balloon. Endoscopic therapy is also 
preferable in patients with risk factor (older age, co-morbidities) instead of surgery.

ESWL is recommended for fragmentation of large (> 5 mm), radiopaque stone(s) 
located preferentially in the pancreatic head [45]. For radiolucent calculi (difficult to 
target with X-ray), a nasopancreatic tube can be placed to facilitate targeting of the 
stones during ESWL [47].

Endoscopy alone allows stone extraction in a minority of CP patients (9–14%) 
[48, 49]; ESWL prior to endoscopy therapy allowed extraction of pancreatic stone in 
>80% of patients after failed stone extraction at primary endoscopy [48]. Pancreatic 
mechanical lithotripsy is burdened by major complications compared to biliary 
mechanical lithotripsy, and these included trapped or broken basket, traction wire 
fracture, and pancreatic ductal leak.

Pancreatic stone fragmentation after ESWL is obtained in 90% of patients (after 
multiple sessions) [50].

In a recent meta-analysis, ESWL alone allowed complete/partial main pancreatic 
duct clearance in 70%/22% of patients, respectively; pain was absent or mild–moder-
ate during the 2 years following treatment in 52.7% and 33.4% of patients, respec-
tively; quality of life improved in 88.2% of patients [51].

ESWL in not free from complications: most frequent is pancreatitis (up to 4.2%). 
The most severe complications are infection, acute stone incarceration in the papilla, 
bleeding, and perforation. Other minor adverse events reported are asymptomatic 
hyperamylasemia, hematuria, gastrointestinal mucosal injury, skin erythema, and 
tenderness in the region of contact with the shockwave head [52].

The systematically addition of endoscopic therapy after ESWL is not recommend 
by the European Society of Gastrointestinal Endoscopy (ESGE) [45]. Some studies 
and retrospective series reported similar decreases in main pancreatic duct diameter 
and no differences in pain resolution, instead of longer hospital stay and higher costs 
for patients who had ESWL combined with ERCP [53, 54].

Per-oral pancreatoscopy (POP)-assisted electrohydraulic lithotripsy (EHL) 
or laser lithotripsy (LL) is an emerging technology to fragment large intraductal 
stone(s). In a recent review and meta-analysis, technical success and overall fragmen-
tation success were 91.2% and 85.5%, respectively [55]. Furthermore, stone fragmen-
tation and ductal clearance could be achieved in 62% of patients in a single session; 
this suggests that POP may be an effective alternative to ESWL. Currently, with the 
newer version of cholangioscopes (SpyGlass-DS, Boston Scientific, Marlborough, 
MA), this technique will increase in the next few years.

The safety of POP-guided lithotripsy has been confirmed in two systematic 
reviews [55, 56]. The most common adverse events were post-ERCP pancreatitis (7%), 
pain (4.7%), perforation (4.3%), and hemorrhage (3.4%); overall, the incidence of 
adverse events was 11.2% with EHL and 13.1% with LL. Moreover, the technique has 
many advantages: it allows direct visualization of the stones (reducing ductal injury), 
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it can identify radiolucent stones, and it can confirm ductal clearance after lithotripsy 
[57]. However, the weaknesses of POP include need of expertise, additional costs, and 
need to dilated pancreatic duct (to allow insertion of pancreatoscope).

ESGE suggests to consider POP-guided lithotripsy when ESWL is not available or 
for stones that were not fragmented after adequately performed ESWL [45].

3.3 Endoscopic management of pancreatic stricture

Strictures of the main pancreatic duct may be a complication of a previously 
embedded stone or a consequence of acute inflammatory changes around the main 
pancreatic duct [58]. Strictures may be classified as either nondominant or dominant. 
Dominant main pancreatic duct strictures are defined by the presence of at least one 
of the following characteristics: 1) upstream main pancreatic duct dilatation (≥6 mm 
in diameter), 2) prevention of contrast medium outflow beside a 6-Fr catheter 
inserted upstream from the stricture, and/or 3) abdominal pain during continuous 
infusion of a nasopancreatic catheter inserted upstream from the stricture with 1 L 
saline for 12–24 h [45, 59].

Before endoscopic treatment of man pancreatic duct strictures, malignancy 
should be excluded, by cross-sectional imaging and cytology brushing (especially for 
patients without pancreatic calcification) [60].

Endoscopic management of pancreatic duct stricture includes pancreatic sphinc-
terotomy, dilatation of the stricture using bougie, balloon or Soehendra stent retriever, 
followed by placement of one or multiple plastic stents [61]. Technical success is defined 
by stent insertion across a dominant main pancreatic duct stricture (or most proximal 
one in case of multiple strictures), and it aims to 1) decompress the main pancreatic 
duct and improve pain and 2) dilate the stricture(s). Less frequent indication includes 
facilitation of main pancreatic duct stone clearance in association with ESWL [62].

Dominant strictures are single in >80% of the patients, and insertion of single 
10-Fr plastic stent can be used as the initial endoscopic therapy. In responders, 
endotherapy should be continued for at least 1 year before permanently removing the 
stent. Stent should be replaced if necessary (every 6 month or on demand), based on 
symptoms or signs of stent dysfunction [45].

Stricture resolution was achieved in 9–50% of patients [58, 63]; long-term pain 
relief is experienced by about two-thirds of patients (67.5%) after stenting. However, 
resolution of the stricture after stent removal was observed only in a minority of 
patients [64]. The follow-up after stent removal in most study was >24 months.

Refractory pancreatic duct stricture is defined as a symptomatic dominant stric-
ture that persists or relapses after a single pancreatic stent placement indwelling for 
1 year [45]. A substantial proportion of pancreatic duct stricture may not respond 
to conventional endoscopic therapy (single plastic stent). Treatment options for 
these strictures are multiple side-by-side plastic stents, self-expandable metal stents 
(SEMSs), or surgery. The use of multiple plastic stenting during multiple sessions of 
endotherapy allowed stricture resolution in 89.5% of patients and pain relief in 77.1% 
of patients after 9.5 years follow-up [65, 66].

More recently, the use of SEMS and biodegradable stents has been described for 
refractory pancreatic strictures. With respect to SEMS, only fully covered SEMS 
(FCSEMS) has provided acceptable results: pain improvement in 37–88% of patients 
(follow-up of 3–4 years) [67, 68]. However, there were no differences in pain relief 
between multiple plastic stenting and FCSEMS (84.2% vs. 85.2%). The main advan-
tage of FCSEMS over multiple stenting is a lower number of endoscopic sessions [69].
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Regarding complication with plastic stent, the most commonly reported in the 
short term were mild pancreatitis (severe pancreatitis was very rare) or worsening 
of pancreatic pain, followed by sepsis (2.6%), cholangitis (2.3%), and post-sphinc-
terotomy bleeding (1.5%). During follow-up, distal (3.6%) or proximal (2.7%) stent 
migration and stent obstruction (almost all stent become obstructed for3 months) 
are reported. Furthermore, stent-induced ductal lesions were described in 18% of 
patients and mortality in 0.4% [45].

Adverse events reported with the use of FCSEMS include pain (7–20%), stent 
migration (15–46%), de novo strictures (16–27%), pancreatitis, cholestasis, and 
cholangitis [45, 70].

In symptomatic patients with main pancreatic duct obstruction and failure of 
conventional transpapillary drainage, endosonography-guided (EUS-guided) therapy 
can be a chance. The technic consists of puncturing the main pancreatic duct through 
duodenal or gastric wall, and a guidewire is inserted in the pancreatic duct to proceed 
with transpapillary (rendezvous technique) or transmural drainage using a stent [71]. 
This is a difficult technique that should be performed only in tertiary centers after 
multidisciplinary discussion [45]. In successful procedure, immediate pain relief 
has been reported in a majority of patients (50–100%); during long-term follow-up, 
pain relief was achieved in 70–90% of patients. In large series, failure of EUS-guided 
technique occurs approximately in 10% of cases and complications occur in about 
10% that include severe pancreatitis, bleeding, hematoma, and perforation [72, 73]. 
Frequently (20–55%), stent migration or occlusion needs endoscopic reintervention.

3.4 Endoscopic management of chronic pancreatitis complications

3.4.1 Biliary stricture

Biliary strictures occur in about 10–15% of patients with CP [74]. Strictures 
can be asymptomatic or present with jaundice, cholangitis, choledocholithiasis, or 
asymptomatic elevation of ALP and/or bilirubin [75]. Before endoscopic treatment, 
malignancy should be reasonably excluded.

Biliary strictures related with CP are resistant to endoscopic treatment due to 
periductal fibrosis and calcification [74]. Endoscopic treatment consists of an ERCP 
with stent(s) placement to achieve biliary decompression. Only a small percentage of 
patients respond to a single plastic stent placement [76]. The suggested approach for 
benign biliary stricture consists of temporarily dilating the stricture using multiple 
side-by-side plastic stents (exchange every 3–6 months) or FCSEMS [77, 78]. Both 
approach provided similar results 2 years after stent removal (88% vs. 90.9%, respec-
tively) and similar treatment-related morbidity [79]. Short biliary strictures respond 
better to endoscopic therapy [80], and severe CP and long length stricture are predic-
tors for stricture recurrence [81]. After 1 year of unsuccessful endoscopy therapy, 
surgery should be considered.

3.4.2 Pseudocyst and pancreatic duct leak

Approximately one-third of patients with CP develop pancreatic pseudocyst 
(PPC) during the course of their disease, and less than 10% of these cases will resolve 
spontaneously [82]. PPCs should be differentiated from cystic neoplasm.

The indications for PPC drainage are the presence of symptoms (abdominal 
pain, gastric obstruction, early satiety, weight loss, and jaundice), progressively cyst 
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enlargement, or complications (infection, bleeding, rupture, and fistulization to 
adjacent hollow structures) [45, 83]. Asymptomatic pseudocysts can safely be kept 
under observation, provided they are carefully monitored and do not increase in size.

Endoscopic therapy of PPCs consists of transmural drainage (EUS-guided or 
conventional) with plastic or dedicated stents (PPCs ≥5 cm, no communication with 
pancreatic duct), endoscopic transpapillary drainage (PPC < 5 cm, communicating 
with pancreatic duct), or using a combination of these techniques [84]. Technical suc-
cess is defined as insertion of the stent between the PPC and the digestive lumen [85]; 
instead clinical success is defined as disappearance of symptoms with resolution of 
the PPC or a decrease to less than 2 cm [86]. Compared with percutaneous drainage, 
endoscopic drainage is associated with higher clinical success rate, fewer reinterven-
tions, shorter hospital stay, similar morbidity, and recurrence rate [87].

For an adequate treatment planning CT scan, MRI, EUS, and/or ERCP should be 
performed before PPC drainage to diagnose 1) the presence of necrotic debris inside 
the fluid collection (this may impede endoscopic drainage), 2) main pancreatic duct 
rupture (partial or complete), and 3) the presence of pseudoaneurysms close to the 
pseudocyst. If no ductal rupture is present, only transmural drainage can be performed; 
if partial ductal rupture is present, stent placement bridging the rupture is associated 
with the treatment success; if complete ductal rupture is present, long-term indwelling 
of transmural stents should be considered to avoid PPC recurrence [45, 88, 89]. Other 
technical aspects are underlined in Section 2.4.2.

3.4.3 Vascular complications

During CP progression, patients can develop, although rare, vascular complications 
that are difficult to treat and are responsible for significant morbidity and mortal-
ity. The CP-related vascular complications can be classified into arterial and venous 
(splanchnic thrombosis with splenic vein thrombosis) [90]. For the management of 
vascular complications, both surgical and nonsurgical interventions (endovascular, 
percutaneous, and endoscopic using EUS) are available. Nowadays, nonsurgical treat-
ment options are the first-line therapy for these complications [90]. Obviously in this 
paragraph, we will focus on endoscopic technique.

Arterial complications are reported in 1.3–10% of patients with CP, and pseudoa-
neurysm is the most common arterial complications (approximately 70% of bleeding 
complications in CP, with a reported mortality rate of 15–50%) [91, 92]. They can be 
asymptomatic or present with hemorrhage due to rupture (hemosuccus pancreaticus, 
gastrointestinal bleeding, or intra-retroperitoneal hemorrhage), pain, or obstructive 
symptoms [92]. All pseudoaneurysms diagnosed on imaging require treatment irre-
spective of size as they have a high risk of rupture and life-threatening hemorrhage. 
The endoscopic approach is used for pseudoaneurysms detected on EUS. Hence, EUS-
guided injection of the embolic agent (thrombin) is reserved for pseudoaneurysms 
arising from splenic and gastroduodenal arteries [90, 93].

The reported prevalence of venous thrombosis in patients with CP ranges from 
3 to 41.7% with a pooled prevalence of 11.6%. Of the splanchnic veins, splenic vein 
thrombosis is the most common due to its proximity to the pancreas (prevalence 
ranging from 1.5 to 41.7%). Splenic vein thrombosis can extend to the portal vein 
in 1.5–4% of patients. Mesenteric venous thrombosis is uncommon and is reported 
in 0.8–1.1% of patients with CP [94]. In patients presenting with gastrointestinal 
variceal bleeding, endoscopic or surgical intervention of the gastroesophageal 
varices is required. Endoscopic therapy is preferred for patients without significant 
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pancreatic symptoms as they do not require surgery for CP [90]. Esophageal varices 
can be treated either with banding or sclerotherapy with conventional sclerosants. 
For gastric or fundal varices, these are not effective, and recent studies have reported 
reasonable success rates with cyanoacrylate glue injection [95].

4. Conclusions

Endotherapy is not only limited either to the diagnosis of AP and CP or to the 
management of biliary/pancreatic duct stones and strictures but also associated with 
the treatment of AP and CP complications.

The technological growth of endoscopy has made enormous progress, allowing a 
less invasive treatment of these pathologies. Obviously, to have a safe role and correct 
timing, discussions on treatments must be taken by a multidisciplinary group.
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ERCP and EUS in Management  
of Pancreatitis
Michael Okello and Derick Kayondo

Abstract

Interventional endoscopic procedures like Endoscopic Retrograde 
Cholangiopancreatography (ERCP) and endoscopic ultrasound (EUS) have a major 
role in the minimally invasive management of acute and chronic pancreatitis and their 
complications. These complications may be due to pancreaticolithiasis, main pan-
creatic duct strictures, trauma, infections, autoimmune pancreatitis and pancreatic 
neoplasms. ERCP and endoscopic ultrasound scan are important as both diagnostic 
and therapeutic interventions. The commonly managed complications by ERCP and 
EUS include; pancreatic duct stones, main pancreatic duct strictures, pancreatic 
pseudocysts and pancreatic walled off necrosis. These endoscopic interventions have 
the advantage of cosmesis, short hospital stay and can be safely used even in very sick, 
critical or elderly patients without necessarily increasing the morbidity and mortality 
associated with open surgical approaches.

Keywords: ERCP, endoscopic ultrasound scan, pancreatitis, pancreatic strictures, 
stones, neoplasms

1. Introduction

Endoscopic Retrograde Cholangiopancreatography (ERCP) has been employed in the 
diagnosis and management of biliary tract and pancreatic diseases over the years with 
the first diagnostic ERCP performed in 1968 by McCune and colleagues [1]. With the 
presence of less invasive diagnostic procedures such as Contrast enhanced Computed 
Tomography (CT), abdominal ultrasound, Endoscopic Ultrasound (EUS), Magnetic 
Resonance Cholangiopancreatography (MRCP) and better blood biomarkers, the popu-
larity of ERCP as a diagnostic procedure has reduced overtime due to the ERCP-associated 
complications such as pancreatitis, bleeding which negatively impact its relevance as a 
routine diagnostic tool in pancreatic and bile duct pathologies. Preference has now shifted 
to the less risky non-invasive diagnostic procedures that involve no duct instrumentation.

The most common causes of acute pancreatitis are gallstones (40–70%) and 
alcohol (25–35%) [2]. ERCP is mainly utilized in management of gall stone pancre-
atitis especially among patients with cholangitis, biliary obstruction and pancreatic 
duct disruption. ERCP also has wide applications in the diagnosis of ductal changes 
in chronic pancreatitis with application of EUS in diagnosis of the parenchymal 
changes and intraductal stones with high accuracy. ERCP and EUS also have roles 
in diagnosis and management of various acute, subacute and chronic pancreatitis 
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etiologies (such as intraductal gall stones, sphincter of Oddi dysfunction) and com-
plications (such as pancreatic duct leaks, pancreatic pseudocysts) among others.

The potential benefits must be weighed against the associated risks of com-
plications when selecting patients to undergo ERCP or its different therapeutic 
interventions.

2. Timing and role of ERCP in acute biliary pancreatitis

Acute biliary pancreatitis results from transient obstruction of the common bile 
duct by stones. Majority of the stones spontaneously pass into the duodenum followed 
by resolution of the acute pancreatitis [2]. In a few of the patients, persistent choledo-
cholithiasis can lead to pancreatic duct and/or biliary tree obstruction resulting into 
severe/persistent pancreatitis and/or cholangitis with resolution and complication 
risk reduction on removal of the offending stones [3].

Stone can be extracted during ERCP by either balloon catheters or dormia stone 
extraction baskets after either endoscopic sphincterotomy (papillotomy) and/or 
endoscopic papillary balloon dilatation (sphincteroplasty). Papillary balloon dilata-
tion is however not routinely recommended due to a lower technical success for stone 
clearance and a presumed increased risk of pancreatitis. It can however be considered 
in patients with coagulopathies or altered anatomy with smaller (<8 mm) stones 
[4]. Endoscopic sphincterotomy with stone extraction is associated with 80–90% 
success rate in common bile duct (CBD) stones treatment. In cases of irretrievable 
biliary stones, temporary biliary plastic or metallic stents can be placed to relieve the 
obstruction followed by a second attempt at stone removal combined with either 
mechanical or extracorporeal shock wave lithotripsy (ESWL). Failure of ERCP, EUS 
mechanical or ESWL ultimately means surgical intervention which can be open or 
laparoscopic cholecystectomy with choledocholithotomy to remove the CBD stones 
done during CBD exploration. For cases of ERCP with stenting, the stents may how-
ever, be associated with complications such as cholangitis and so should be removed 
or exchanged every 3–6 months. Definitive stenting is recommended in the elderly 
with a limited life expectancy and co-morbidities with caution due to the high rates of 
complications such as cholangitis with associated high mortality [4].

There is consensus among different meta-analyses and guidelines on the role and 
timing of early ERCP with endoscopic sphincterotomy (ES) in case of acute biliary 
pancreatitis in the presence of cholangitis and/or persistent cholestasis. However 
there is obvious lack of agreement on the role and timing of ERCP in mild or severe 
predicted acute biliary pancreatitis in the absence of cholangitis or persistent 
cholestasis [5]. Neoptolemus J.P. et al. [6] conducted a randomized controlled trial 
involving 121 patients with suspected biliary acute pancreatitis using the modified 
Glasgow system for severity stratification. Early ERCP done within 72 hours plus 
Endoscopic sphincterotomy for those with common bile duct stones was associated 
with reduction in complications and shorter hospital stay significantly among those 
with severe acute pancreatitis when compared with those on conventional treat-
ment. The reduction in complications was still noticed even after excluding those 
with associated cholangitis. However, no difference in mortality was noted. Another 
randomized control trial by Fan S T et al. [7] randomized 195 patients with acute 
pancreatitis to two arms, either early ERCP done within 24 hours after admission with 
endoscopic papillotomy for ampullary and common bile duct stones or conservative 
treatment and selective ERCP with or without endoscopic papillotomy in those that 
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deteriorated. Early ERCP with/without endoscopic papillotomy was associated with 
reduction in biliary sepsis in both patients with mild or severe acute pancreatitis with 
no major differences in incidence of local or systemic complications between the 
two groups. The mortality rate was however lower in the early ERCP with or without 
endoscopic papillotomy group [7]. Another study by Folsch et al. [8] demonstrated 
no reduction in complications or mortality with early ERCP within 72 hours among 
patients with acute biliary pancreatitis with no obstruction. This study suggests that 
early ERCP is only beneficial among patients with acute pancreatitis complicated by 
acute cholangitis and biliary tree obstruction, and not in severe acute pancreatitis 
complicated in the absence of the above complications.

Based on meta-analysis, early ERCP with sphincterotomy (within 24–72 hours) 
had an overall significant reduction in complication rate among patients with biliary 
pancreatitis (41.8% versus 31.3%, P = 0.03, k = 3) significantly among those with 
severe disease (57.1% versus 18.2%, P = 0.0001, k = 2) with no overall significant 
effect on the mortality rate (7.2% versus 6.4%, P = 0.46, k = 3) [9]. Similar find-
ings were noted in a meta-analysis by Moretti et al. when comparing early ERCP vs. 
conservative management in acute biliary pancreatitis. Early ERCP was associated 
with reduction in complications and mortality rates by 31% and 6% respectively with 
significant reduction in complication rates among patients with severe pancreatitis 
compared to mild pancreatitis (pooled rate difference of 38.5% vs. 1.8%) [10].

ERCP should not be routinely performed in patients with acute biliary pancreatitis 
due to its invasiveness and risk for complications. Early ERCP has been demonstrated 
to reduce complication rates among patients with severe acute biliary pancreatitis 
in the absence of cholangitis or biliary obstruction unlike among patients with mild 
disease. Early ERCP +ES may be considered among patients with acute biliary pan-
creatitis with severe biliary pancreatitis rather than among patients with mild acute 
biliary pancreatitis unless when having standard indications for ERCP + ES such as 
cholangitis, biliary obstruction [11]. However, proponents of early conservative man-
agement argue that early routine ERCP may lead to unnecessary ERCPs with related 
complications as the offending gallstone has passed in majority of the cases at the 
time of diagnosis [12, 13] and also with looming uncertainty of whether early ERCP 
improved prognosis of acute gallstone pancreatitis. Early ERCP is also technically dif-
ficult in acute pancreatitis due to ampulla and duodenal edema. It is therefore recom-
mended by the ESGE that ERCP with or without endoscopic sphincterotomy among 
patients with acute biliary pancreatitis without cholangitis be reserved for patients 
with persistent biliary obstruction after a period of conservative management regard-
less of the severity [14, 15]. Cholecystectomy can be performed later after ERCP + 
ES (usually 4 to 6 weeks) to prevent recurrence of the acute pancreatitis [9]. Among 
patients with mild acute biliary pancreatitis, early laparoscopic cholecystectomy with 
intraoperative cholangiography is recommended. If intraoperative cholangiography 
reveals common bile duct stones with failed laparoscopic clearance of the stones, then 
post-operative ERCP should be performed [9].

Less invasive imaging modalities such as EUS and MRCP should be used to screen 
for choledocholithiasis in suspicious cases in the absence of cholangitis and/or jaundice.

3. Microlithiasis

Microlithiasis/biliary sludge is a controversial etiology for acute pancreatitis. 
Biliary sludge is detected in 75% of the patients with recurrent idiopathic acute 
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pancreatitis [16, 17]. Abdominal ultrasound has low sensitivity in diagnosis of biliary 
sludge. Bile analysis with microscopic examination for cholesterol crystals is the gold 
standard for diagnosing biliary sludge with however a sensitivity of 66% [18].

The bile for analysis can be obtained directly through common bile duct aspira-
tion at ERCP or by duodenal aspiration of bile after cholecystokinin stimulation. 
EUS can also be utilized in diagnosis of microlithiasis/biliary sludge with a higher 
sensitivity and also applicability in evaluating other causes of idiopathic acute pan-
creatitis [18]. ERCP should be done 4–6 weeks after the initial presentation when 
the pancreatitis has resolved and if microlithiasis is detected, cholecystectomy or 
biliary sphincterotomy can be considered as management options depending on the 
patient’s surgical risk [19].

4. Sphincter of Oddi dysfunction

Sphincter of Oddi Dysfunction (SOD) is the most frequent cause of idiopathic 
recurrent acute pancreatitis with a prevalence rate between 15–72% among patients 
with idiopathic recurrent pancreatitis using ERCP with raised SOD basal pressures at 
sphincter of Oddi manometry (SOM) as the gold standard for diagnosis and 50–87% 
among those with chronic pancreatitis [18, 20]. The pathogenesis of pancreatitis in 
SOD involves increase in the intrapancreatic ductal pressures. The elevation in the 
intraductal pressure results from either anatomic obstruction of the Sphincter of Oddi 
by fibrosis and/or inflammation or from functional obstruction caused by sphincter 
muscle spasms.

Endoscopic therapies such as pancreatic and biliary sphincterotomy can be 
employed in treating pancreas divisum and/or sphincter of Oddi dysfunction 
especially in patients with recurrent acute pancreatitis. These therapies are however 
associated with a significant risk of precipitating acute pancreatitis and hemor-
rhage, and so should be performed in specialized units and with careful patient 
selection [3, 21].

Endoscopic injection of botulinum toxin decreases pancreatitis episodes in 80% 
of patients with acute idiopathic pancreatitis. However, the effect is short-lived with 
also concerns regarding side effects. Dual sphincterotomy has been demonstrated to 
have lower rates of pancreatitis recurrence compared to either biliary or pancreatitic 
sphincterotomy alone.

Temporary pancreatic stent placement is recommended to prevent post-procedure 
pancreatitis [19, 21].

5. Pancreas divisum

Pancreas divisum (PD) is the most common anatomical variant of the pancreatic 
duct with an incidence of approximately 10% in the general population and symp-
tomatic in only 5% of the patients [22]. PD has been shown to be a predisposing factor 
for chronic and recurrent pancreatitis and an incidental finding in idiopathic pancre-
atitis. However, its exact etiological role in pancreatitis is not well understood and still 
under study [23].

Contrast-enhanced CT and contrast-enhanced MRCP can be used in the diagnosis 
of PD with improved sensitivities with secretin provocation for better visualization of 
the ducts.
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Endoscopic Ultrasound (EUS) has also been reported to have a high diagnostic 
accuracy for PD with a sensitivity of 87–95% with secretin enhancement (S-EUS) 
offering marginal benefit. Absence of a “stack sign” and the presence of a “crossed 
duct sign” are considered to be indicative of PD. ERCP is seldom used if no therapeu-
tic interventions are intended due to the associated risks [23].

Therapeutic interventions are reserved for patients with recurrent attacks of acute 
pancreatitis, incases of a single episode of severe pancreatitis in the absence of any 
other identifiable etiology or in chronic pancreatitis with a modifiable target such as 
a stone, dilated dorsal duct or stricture [23]. Endoscopic and surgical therapies can 
be employed on the management of PD. Endoscopic therapy includes minor papilla 
endoscopic sphincterotomy, minor papilla orifice balloon dilatation and trans minor 
papilla dorsal duct stenting.

Papillary endotherapy is associated with an increased risk of post-procedural pan-
creatitis and therefore prophylactic temporary pancreatic stenting is recommended 
in addition to peri-procedural non-steroidal anti-inflammatory drugs (NSAIDs) are 
recommended to reduce the risk. Long-term dorsal pancreatic duct stenting though 
effective, is associated with possible complications such as occlusion, ductal perfora-
tion, acute pancreatitis and proximal or distal stent migration.

Surgical therapy includes surgical minor papilla sphincterotomy or surgical minor 
papilla sphincteroplasty.

For both endoscopic and surgical therapies, the response rate to therapy is higher 
in the recurrent pancreatitis group compared to chronic pancreatitis and the chronic 
pancreatic-type abdominal pain (76–80% Vs 42%- 69% Vs 33–54% with endotherapy 
and 83% Vs 67% Vs 52% with surgical therapy) [23]. Due to comparable response 
rates with both endoscopic and surgical therapies, endoscopic therapy is recom-
mended as first line due to a more favorable complication and mortality rate. Surgery 
is preserved for patients with failed minor papilla cannulation, endotherapy or have 
altered anatomy such as Bilroth II anatomy [23].

6. Pancreatic and biliary tumors

Pancreatic and biliary tree tumors may present with acute or chronic pancreatitis 
due to obstruction of the pancreatic duct.

ERCP and EUS have applications in the diagnosis and management of ampullary 
tumors and intraductal papillary mucinous tumors of the pancreas. ERCP can help 
with visualization and biopsy sample collection from tumors involving the ampulla and 
periampullary region. EUS also can be utilized in evaluation of pancreatic and biliary 
tree masses causing pancreatitis and ultrasound-guided sample collection. Curative or 
palliative interventions such as endoscopic snare ampullectomy or ablative therapy can 
also be performed endoscopically. Recurrent pancreatitis for example in intraductal 
papillary mucinous tumors can be minimized by sphincterotomy with stenting.

7. Pancreatic duct leaks and pancreatic fluid collections

Pancreatic duct disruptions occur in both acute and chronic pancreatitis and in 
some cases in case of pancreatic trauma. Pancreatic duct leaks can complicate acute 
pancreatitis as a result of ductal epithelial disruptions by the inflammatory process 
and in chronic pancreatitis, as a result of ductal obstruction from inflammatory 
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strictures and intraductal stones [24]. Pancreatic duct leaks may have variable 
presentations such as pancreatic fluid collections e.g. pseudocysts, pancreatic ascites, 
external pancreatic fistulas, disconnected duct syndrome among others. Pancreatic 
fluid collections may also result as a complication of pancreatic necrosis.

Diagnosis may be made using cross-sectional imaging studies such as Computed 
Tomograpgy (CT), secretin-enhanced MRCP or ultrasonography. Due to the associ-
ated risk of causing or worsening pancreatitis, ERCP is not employed for primary 
diagnostic purposes but rather for therapeutic interventions. EUS-guided Fine Needle 
Aspiration can be used to obtain pancreatic pseudocyst fluid for analysis for amylase 
levels, carcino-embryonic antigen (CEA) and cytology to differentiate pseudocyst 
from cystic neoplasms [24].

Pancreatic duct leaks may be effectively managed by endoscopic trans-papillary 
pancreatic duct stenting with a stent that bridges the leak diverting pancreatic fluid 
drainage from the ductal disruption to the duodenum.

Pancreatic pseudocysts occur as complications of acute or chronic pancreatitis 
and are usually asymptomatic except in a few cases. Pseudocysts and other pancre-
atic fluid collections can be managed endoscopically with a success rate of 70–97% 
[23, 25] and complication rate of 5–19% with complications such as hemorrhage and 
recurrence [26].

Endoscopic transluminal or trans-papillary drainage options with or without 
ultrasound are effective in draining these cysts and are usually performed 4 to 
6 weeks after the acute pancreatitis episode resolves [23, 24]. Pancreatic pseudocysts 
can be drained via endoscopically created cysto-gastrostomies or cysto-enterostomies 
with subsequent stent placement. EUS is helpful in identification and preventing 
trauma to blood vessels during the procedure and also in situations where there is 
no visible bulge from the cyst in the gastrointestinal lumen. Though less popular 
recently, pancreatic fluid collections can also be managed with transmural or trans-
papillary placement of plastic stents [25].

8. Pancreatic strictures

Pancreatic strictures can be diagnosed radiologically by CT and MRI/MRCP with 
supplementation with Endoscopic Ultrasound, secretin-enhanced MRCP, pancreatic 
function tests especially in the early stages with limited structural changes [27]. ESGE 
recommends treating painful dominant main pancreatic duct (MPD) strictures with 
insertion of a single stent across the dominant MPD stricture for one uninterrupted 
year. Dominant pancreatic strictures are defined by presence of at least one of the 
following characteristics: upstream MPD dilatation ≥ 6 mm in diameter, prevention 
of contrast medium outflow alongside a 6-Fr catheter inserted upstream from the 
stricture, or abdominal pain during continuous infusion of a naso-pancreatic catheter 
inserted upstream from the stricture with 1 L saline for 12 – 24 hours. Pancreatic duct 
stents decompress the MPD and persistently dilate the stricture relieving pain and 
may improve the exocrine pancreatic function [14]. Numerous studies have demon-
strated pain relief [28]. In a meta-analysis involving 1498 patients, 88% had immedi-
ate pain relief and 67% had long-term pain relief with endotherapy for pancreatic 
strictures with a 7.85% complication rate [29].

Multiple side-by-side stents and self-expandable metal stents (SEMSs) can be used 
for refractory strictures. Fully covered SEMSs have been demonstrated to offer better 
pain relief results over the uncovered and partially covered types, though further 
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studies need to be conducted due to the associated potential complications [14]. 
Endoscopic ultrasonography can facilitate drainage of symptomatic MPD obstruction 
with failed trans-papillary approach with either the Rendezvous technique (punctur-
ing the MPD through the gastric or duodenal wall and advancing a guidewire into 
the MPD to proceed with trans-papillary drainage) or through transmural drainage 
through a stent [14].

Malignancy should be ruled out before stent dilatation therapy.

9. Role of EUS and ERCP in the diagnosis of chronic pancreatitis

The diagnosis of chronic pancreatitis is based on altered pancreatic morphology 
and function. However, there is variation in the imaging findings using different 
modalities among patients with clinical features suggestive of chronic pancreatitis 
which sometimes delays diagnosis.

The American College of Gastroenterology (ACG) recommends cross-sectional 
imaging such as MRI or CT as first-line in the diagnosis of chronic pancreatitis in 
combination with careful history, physical examination, exposure risk, direct and/or 
indirect pancreatic function tests. These are preferred over ERCP and EUS due to the 
less invasiveness, objectivity, availability and cost differences. Endoscopic ultrasound 
can however be utilized if the findings from the cross-sectional imaging are in ques-
tion. If EUS is inconclusive, secretin-enhanced magnetic resonance cholangiopancre-
atography (s-MRCP) or secretin- enhanced EUS are recommended [30]. A systematic 
review and meta-analysis on diagnostic performance of imaging modalities in chronic 
pancreatitis compared the sensitivity and specificity estimates of EUS, ERCP, MRI 
and CT, with no significant differences noted. Sensitivities for ERCP, EUS, MRI 
and CT reported were 82%; 95%CI: 76–87%), 81% (95%CI: 70–89%), 78% (95%CI: 
69–85%), and 75% (95%CI: 66–83%), respectively and specificities, 94%; 95%CI: 
87–98%), 90%; 95%CI: 82–95%), 96%; 95%CI: 90–98%) and 91%; 95% CI: 81–96%) 
respectively [31]. In the same study, abdominal ultrasonography was reported to have 
the lowest accuracy in diagnosing chronic pancreatitis. EUS can detect pancreatic 
parenchymal and ductal changes with high sensitivity and specificity producing high 
resolution ultrasonographic images due to the close proximity of the pancreas to the 
gastric and duodenal lumen.

A total of ten EUS criteria have been proposed by the International Working 
Group for Minimum Standard Terminology in Gastrointestinal Endoscopy for 
diagnosing chronic pancreatitis including five parenchymal criteria (hyperechoic 
foci, hyperechoic strands, parenchymal lobularity, cysts, calcifications) and five 
ductal criteria (pancreatic duct dilation, pancreatic duct irregularity, hyperechoic 
pancreatic duct walls, visible pancreatic side branches, intraductal calcifications) 
[32]. Diagnostic probability depends on the number of criteria observed, presence of 
two or less rules out chronic pancreatitis, presence of five or more criteria provides 
and definitive diagnosis, and presence of two to five criteria is indeterminate requir-
ing pancreatic function tests. Some of the pancreatic changes seen during EUS have 
however been also associated with advanced age, smoking, obesity in the absence of 
chronic pancreatitis. EUS is operator dependant with poor inter-observer agreement 
which affects the reliability and standardization of EUS interpretation [33].

The Rosemont criteria was developed by a group of 32 experienced endosonogra-
phers in an attempt to harmonize and standardize the EUS based diagnosis of chronic 
pancreatitis. Ductal and parenchymal EUS findings are divided into major A, major 
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B and minor criteria with different weight to different findings. Based on the number 
and character of positive EUS criteria, EUS evaluation is classified as “consistent 
with CP”, “suggestive of CP”, “indeterminate for CP”, or “normal” [34]. However, the 
Rosemont criteria does not improve the inter-observer agreement compared to the 
standard EUS criteria [34] (Tables 1 and 2).

Diagnosis of early chronic pancreatitis presents a clinical challenge. EUS has been 
shown to detect some of the early features of chronic pancreatitis not detected by 
other imaging modalities [35]. ERCP remains a last-line diagnostic test and should be 
rarely used outside of therapeutic purposes.

Currently, histology is the gold standard for diagnosing early and late stages of 
chronic pancreatitis but not routinely done due to considerations of safety in obtain-
ing samples from the pancreas. EUS is useful in obtaining pancreatic biopsies for 
histopathological diagnosis of chronic pancreatitis and other causative factors like 
pancreatic masses, autoimmune hepatitis. EUS-guided Fine Needle Aspiration (FNA) 
or Fine Needle Biospy (FNB) can be utilized to obtain biopsies for cytological and 
histological evaluation especially for cystic and mass lesions [36–39].

Assessment Criteria

Consistent with CP A. 1 major A + ≥ 3 minor
B. 1 major A + 1 major B
C. 2 major A

Suggestive of CP A. 1 major A + < 3 minor
B. 1 major B + ≥ 3 minor
C. ≥ 5 minor

Indeterminate for CP A. 3 to 4 minor, no major
B. Major B +/− < 3 minor

Normal A. <3 minor, no major

Table 2. 
Interpretation of the Rosemont criteria [34].

Parenchyma Duct

Hyperechoic foci with acoustic shadows 
(major A); body/tail

Stones in the duct (major A)

Honeycomb-like lobulation (major B); body/
tail

Irregular duct (minor); body/tail

Lobulation without honeycombing (minor); 
body/tail

Dilated side ducts (minor); body/tail

Hyperechoic foci without acoustic shadows 
(minor); body/tail

Dilated main duct (minor); body/tail

Cysts (minor) Hyperechoic contours on the main duct (minor); body/tail

Echo-dense septa (minor); body/tail

Table 1. 
Rosemont criteria for endoscopic ultrasound diagnosis of chronic pancreatitis [34].
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10. ERCP complications

ERCP alone or with the different therapeutic interventions is associated with dif-
ferent complications including pancreatitis, hemorrhage, infections, perforation and 
cardiopulmonary events. Other miscellaneous complications such as ileus, pneu-
mothorax, pneumomediastinum, portal venous air, stent migration, liver abscess, 
biliary or pancreatic duct fistulae among others have also been reported but are very 
rare [40]. Their severity can range from mild to severe requiring hospitalization and 
possible permanent disability or death [41].

Three well studied interventions have demonstrated effectiveness in reduction of 
post-ERCP pancreatitis. These include:

10.1 Guidewire cannulation

Cannulation of the bile duct and pancreatic duct using a guidewire inserted 
through a catheter has been shown to significantly reduce the incidence of post-ERCP 
pancreatitis when compared with the conventional contrast cannulation [42–44]. 
Guidewire cannulation reduces post-ERCP pancreatitis by avoiding hydrostatic injury 
to the pancreas that may occur contrast injection and by reducing the need for precut 
sphincterotomy.

10.2 Pancreatic duct stents

In a meta-analysis evaluating 4 randomized prospective trials by Andriulli et al. 
[45] pancreatic duct stent placement had a twofold reduction in the incidence of 
post-ERCP pancreatitis (24.1% vs. 12%; P = 0.009; odds ratio: 0.44, 95% confidence 
interval: 0.24–0.81). Pancreatic duct stent insertion is technically difficult and there 
is need for follow-up evalutation to ensure passage or removal and associated with 
potential pancreatic ductal injuries. Insertion failure rates ranging from 4 to 10% 
have been reported and a higher incidence of severe pancreatitis among patients with 
failed pancreatic duct stenting [45–47].

10.3 Rectal non-steroidal anti-inflammatory drugs (NSAIDs)

Several drugs have been investigated for pharmaco-prophylaxis of post-ERCP 
pancreatitis. Of all drugs investigated, rectal NSAIDs have proved to be most effective 
at preventing post-ERCP pancreatitis [48–56].

11. Therapeutic role of ERCP and EUS in chronic pancreatitis

Chronic pancreatitis is a long standing painful inflammatory condition leading 
to progressive and irreversible pancreatic parenchymal damage and if not treated 
may result in either exocrine, endocrine insufficiency or both. This condition can be 
debilitating and severely affect the quality of life of these patients since most of them 
are either in and out of hospital, are on pain relieving medications, some may need 
enzyme supplementation and those that ultimately develop diabetes mellitus will 
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have to be on oral hypoglycemic medications or insulin injections for life. Chronic 
pancreatitis may lead to stricture formation at the ampullary region leading to 
upstream dilatation of both the CBD and main pancreatic duct [57].

This ampullary strictures can also lead to both choledocholithiasis and main 
pancreatic duct stone formation further worsening the patient’s symptoms. Other 
common complications of chronic pancreatitis include; pancreatic inflammatory 
space occupying lesions, pancreatic pseudocysts, walled of pancreatic necrosis can 
occur in either acute, subacute and rarely chronic pancreatitis. In cases where there 
is no known identifiable cause of chronic pancreatitis, empiric therapy is initiated 
targeting to pain, exocrine and endocrine pancreatic insufficiencies. Failure of 
empiric therapy will most likely lead to identifiable causes or complications of chronic 
pancreatitis like main pancreatic duct stones, dominant pancreatic duct stricture, 
pancreatic pseudocysts, walled of pancreatic necrosis and sometimes benign or 
malignant pancreatic neoplasms [58].

Pancreatic ductal stones can be spontaneously expelled. But when they persist 
ERCP + ES with or without stenting is done, the stones are extracted during ERCP 
and incase of failure of stone extraction by dormie baskets or stone extraction balloon 
catheters, mechanical or ESWL can be attempted. If the endotherapy options fail then 
open or laparoscopic surgical intervention is done.

Dominant pancreatic ductal strictures are managed based on the location and 
etiology, short strictures at the ampullar can be treated with either ERCP + ES with 
stenting or ampullectomy in case of small ampullary lesions causing ampullary 
strictures. Distal pancreatic ductal strictures will warrant endoscopically placing 
the stents across the stricture either via trans-papillary approach or a rendezvous 
approach. Failure in endotherapy will necessitate surgical intervention [59].

Pancreatic pseudocyst if asymptomatic and small are managed conservatively for at 
least 4 to 6 weeks. Large symptomatic pancreatic pseudocysts can be drained endo-
scopically during ERCP via the trans-papillary approach with stent insertion. They can 
also be drained via the trans-mural approach with the aid of endoscopic ultrasound 
guidance into the stomach, duodenum or proximal jejunum. EUS identifies the pseu-
docyst, maturity of the cyst wall, vascularity of the surrounding structures and helps 
in guided and safe creation of the cysto-gastrostomy or cysto-enterostomy with stent 
insertion. Endoscopic placement of the stent across the endoscopically created cysto-
enterostomy ensures adequate pseudocysts drainage hence minimizing recurrence. 
Ultrasound guided percutaneous drainage can be done but increases the chances of 
a persistent pancreatico-cutaneous fistula formation. In case of failure of endoscopic 
drainage, open or laparoscopic surgical intervention can be done. Walled off pancre-
atic necrosis in the setting of chronic pancreatitis can be drained in the same way as 
pancreatic pseudocysts. The endoscope can be inserted into the cavity of the pancreatic 
necrosis cavity and the necrosectomy is done under direct vision after dilatation of the 
cysto-enterostomy. Stents are left across the cysto-enterostomy. Failure of endoscopic 
interventions may then warrant open or laparoscopic surgical intervention [60].

Endoscopic ultrasound in important in diagnosis of benign or malignant pancreatic 
neoplasms, sample can be taken for histological diagnosis and then a decision on the 
most appropriate management approach is chosen. Benign small asymptomatic pan-
creatic lesions less than 2 cm can be followed up with repeat EUS 3–6 months intervals. 
For symptomatic benign and malignant pancreatic lesions irrespective of the size will 
need endoscopic, laparoscopic or open resection with aim of obtaining clear resection 
margins post intervention. Small symptomatic lesions at the ampullar may undergo 
endoscopic ampullectomy but large lesions will necessitate surgical intervention [61].
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12. Conclusion

ERCP and EUS are important in the management of both acute and chronic 
pancreatitis and its complications after failed empiric therapy. Endotherapy has the 
advantage of cosmesis, short hospital stay and decreased morbidity and mortality. 
Where endotherapy is unsuccessful or the cause of the pancreatitis is a large symp-
tomatic malignant lesion, laparoscopic or surgical intervention will surfice.
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Chapter 6

Endoscopic Management of 
Chronic Pancreatitis
Arda Yavuz

Abstract

Chronic pancreatitis (CP) is a progressive inflammatory disease with several  
complications. Endoscopic methods make essential contributions to diagnosis and 
treatment. Endoscopic ultrasound is considered the most sensitive method for 
diagnosing early CP. Symptoms related to CP, failure of medical therapy, pancreatic 
changes in imaging (obstructive stones, strictures, and main pancreatic duct [MPD] 
dilatation), and complications (strictures, pseudocyst, and disruption of MPD) 
require interventional endoscopic methods. Pancreatic duct stenting could be benefi-
cial when the patient has a dominant stricture in the pancreatic head or a refractory 
MPD stricture. Before stenting, underlying malignancy should be ruled out by brush 
cytology. In refractory cases, multiple plastic stents or fully covered self-expanding 
stents are necessary. Extracorporeal shock wave lithotripsy can also be performed with 
or without endoscopic retrograde cholangiography for stones in the pancreatic duct. 
In this case, the stone characteristics, stricture, and exocrine function determine the 
procedure. Endoscopic ultrasound-guided transmural or transpapillary drainage may 
be performed for pseudocyst-related CP, which has a success rate similar to surgery. 
Endosonography-guided celiac plexus block can also be used to treat CP.

Keywords: chronic pancreatitis, pancreatic ductal stones, stricture, pseudocyst, 
endoscopic ultrasound, celiac plexus block

1. Introduction

Chronic pancreatitis (CP) is a relapsing inflammatory disease characterized by 
pain, fibrotic strictures in the pancreatic and biliary ducts, calculi in the pancreatic 
duct, and an increased malignancy risk. Abdominal pain, weight loss, nausea, diarrhea, 
oily stools, and bloating are the main symptoms of this disease. Exocrine and endo-
crine insufficiency generally occurs during the late phases of the disease. The annual 
incidence rate is 5–12/100,000 people [1]. Alcohol consumption is the most common 
cause, accounting for approximately 65% of all cases [2]. Hereditary factors, congenital 
anatomical abnormalities, such as pancreas divisum or annulare, and autoimmune 
inflammation may play a role in the etiology.

Pain, which decreases the quality of life and causes high healthcare costs, is the 
main indication for endoscopic treatment when lifestyle changes and medical treat-
ment fail. The first treatment step is the cessation of alcohol use and smoking for pain 
management, followed by the World Health Organization algorithm. Analgesics are 
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the cornerstone at the beginning; however, when opioids are used, they may cause 
dependency, opioid-induced constipation, cognitive dysfunction, and opioid-induced 
hyperalgesia. In such cases, patients should be evaluated by a multidisciplinary team.

As interventional techniques are widely feasible and accepted, they play an impor-
tant role in managing hepatobiliary diseases. Early diagnosis of CP is possible using 
endoscopic ultrasound (EUS)-based approaches, and interventional endoscopy can 
improve the complications of CP. In this chapter, we emphasize the use and impor-
tance of endoscopic modalities in the diagnosis and treatment of CP.

2. Endoscopic diagnosis of CP

CP is diagnosed when there is overt endocrine or exocrine dysfunction, atrophy, or 
calcification observed on imaging. However, these findings are observed in the later 
stages of the disease. EUS is highly beneficial for diagnosing early CP. Early diag-
nosis is essential for explaining symptoms, avoiding unnecessary explorations and 
therapies, investigating etiologies, adequate follow-up, explaining prognostic conse-
quences, genetic evaluation, and appropriate therapy. Moreover, if there is a genetic 
mutation, total pancreatectomy and islet cell transplantation may be considered for 
malignancy risk.

EUS provides an opportunity to investigate the pancreatic parenchyma and 
ductal structures in detail. The parenchymal features of CP on EUS are hyper-
echoic foci, hyperechoic strands, lobularity, and cysts, and the ductal features are 
main ductal dilatation, duct irregularity, hyperechoic duct margins, visible side 
branches, and stones. In traditional EUS systems, the presence of five or more fea-
tures reliably establishes the diagnosis of CP [3]. An international consensus panel, 
including 32 internationally recognized endosonographers, developed consensus 
criteria for EUS features of CP. In this Rosemont classification, the major criteria 
are hyperechoic foci with shadowing and main pancreatic duct (MPD) calculi and 
lobularity with honeycombing. Minor criteria are cysts, dilated ducts of ≥3.5 mm, 
irregular pancreatic duct contour, dilated side branches of ≥1 mm, hyperechoic 
duct wall, strands, non-shadowing hyperechoic foci, and lobularity with noncon-
tiguous lobules (Table 1) [4].

Parenchymal changes in CP Ductal changes in CP

Major A Hyperechoic foci with shadowing MPD calculi

Major B Lobularity with “honeycombing”: ≥3 contiguous 
lobules measuring minimum 5 mm in length

Minor Lobularity without honeycombing Irregular/ectatic MPD contour

Hyperechoic foci without shadowing ≥3 dilated side branches

Cysts MPD dilatation > 3.5 mm body; 
>1.5 mm tail

Hyperechoic stranding Hyperechoic MPD margin

Consistent with CP: 1 major A and ≥3 minor features, 1 major A and 1 major B features, 2 major A features. Suggestive 
of CP: 1 major A and ≤3 minor features, 1 major B and ≥3 minor features. Indeterminate for CP: 3–4 minor, 1 major  
B alone or with <3 minor features. Normal: ≤2 minor without major features.

Table 1. 
Rosemont classification.
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Recent or active acute pancreatitis can cause overdiagnosis because of parenchymal 
hyperechoic strands and foci, lobularity, and hyperechoic duct walls. Acute inflamma-
tion of the pancreas can also obscure the underlying pancreatic mass. Therefore, EUS 
should be performed 4 weeks after an acute pancreatitis episode. Moreover, some of 
these EUS findings can be found normally in individuals as the age and among males, 
obese individuals, smokers, and alcohol consumers [5–8]. When the diagnosis of CP is 
debatable, EUS elastography, endoscopic pancreatic function test (ePFT), and disten-
sibility of MPD can be combined with EUS to improve diagnostic success.

EUS elastography has been proposed as a novel and valuable modality for the 
evaluation of real-time tissue stiffness. It is mainly used in pancreatic tumors but is 
also highly beneficial in CP. Itoh et al. reported the correlation between parameters in 
EUS elastography (mean, standard deviation, skewness, and kurtosis) and histologi-
cal fibrosis in the pancreas [9]. Iglesias-Garcia et al. showed the correlation between 
the strain ratio and Rosemont classification and exocrine dysfunction, evaluated 
by the carbon 13 mixed triglyceride breath test [10]. Homogenous stiffness on EUS 
elastography may also predict autoimmune pancreatitis. Both strain elastography and 
share wave elastography contributed to the diagnosis of CP using EUS.

The ePFT helped evaluate the exocrine function of the pancreas. In this procedure, 
gastroscopy was performed, and during the luminal examination, a test dose of 
secretin was intravenously administered. The gastric fluid was then aspirated as much 
as possible and discarded, and 3–5 cc post bulbar duodenal secretion was aspirated to 
rinse the gastric fluid from the suction channel. Furthermore, 3–5 cc duodenal fluid 
was aspirated as baseline collection; intravenous secretin (0.2 μg/kg) was administered 
slowly. Every 15 min, the duodenal aspirate was collected for 60 min. If the peak bicar-
bonate level was <80 mEq/L, then exocrine pancreatic insufficiency was considered. 
Its sensitivity was 92% and specificity 79% for early CP with normal imaging [11].

Inadequate distension of the MPD after secretin administration is another crite-
rion used for the diagnosis of CP. Pancreatic duct dilatation after secretin stimulation 
lower than 50% of basal may be considered abnormal. In a study of 41 patients with 
clinically suspected CP, 77.3% had abnormal ductal compliance [12]. In current 
reports, additional criteria are suggested for EUS-based multimodal evaluation.

3. Pancreatic ductal stones

Unlike biliary stones, most pancreatic ductal stones are calcified and radiopaque. 
Stone prevalence increases during CP. In a multicenter study, 62% of 879 patients 
with CP reported calcified pancreatic stones. Heavy smokers (≥20 cigarettes/day), 
heavy drinkers (alcohol consumption of >80 g/day), and men have more pancreatic 
ductal stones than others [13].

Endoscopy, pancreatic sphincterotomy, and basket or balloon dilation allow stone 
extraction in only 9% of the patients. It is associated with stones of >10 mm, stone 
impaction, and a diffuse location [14]. Moreover, pancreatic mechanical lithotripsy 
has a threefold higher complication rate than biliary mechanical lithotripsy. These 
complications include trapped or broken baskets, traction wire fractures, and pan-
creatic ductal leak [15]. Furthermore, extracorporeal shock wave lithotripsy (ESWL) 
allowed successful pancreatic stone clearance in >80% of patients after failed stone 
extraction with endoscopy [16]. Therefore, primary endoscopy is reserved for 
selected patients with radiolucent stones or stones of <5 mm in size that are challeng-
ing to target with ESWL.
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ESWL is a widely accepted treatment modality for radiopaque MPD stones when 
the MPD stone is larger than 5 mm and located in the head or body of the pancreas. 
Pancreatic stone clearance is achieved in 90% of the patients with CP; however, this 
can require multiple sessions [17]. Successful stone fragmentation was defined as 
stones broken into fragments of ≤2 mm, decreased stone density on radiography, 
increased stone surface, and heterogeneity of the stone. Ductal clearance could be 
complete, partial, or unsuccessful if the clearance of stones were <90%, 50–90%, 
or <50%, respectively. A meta-analysis reported that ESWL provided complete and 
partial clearance in 70% and 22% of patients, respectively, and pain was absent or 
mild for 2 years after ESWL in 52.7% and 33.4% of patients, respectively. After the 
procedure, the quality of life improved in 88.2% of patients [18]. If total stone clear-
ance is achieved, pain relapse within the first 2 years after ESWL is rare. In the present 
case, half of the patients experienced stone recurrence. Small MPD stones (<5 mm) 
or radiolucent stones can be treated using endoscopic retrograde cholangiography 
(ERCP). The use of endoscopic therapy after ESWL is recommended when spontane-
ous clearance is not achieved. Additional endotherapy and ESWL had no benefit but 
were associated with longer hospital stays and higher treatment costs [19].

Large or multiple MPD stones or strictures are associated with the need for multiple 
ESWL sessions. In this case, pancreatic stenting before ESWL can decrease the need for 
additional ESWL procedures. Solitary stones, MPD stones in the pancreatic head, stones 
with a density on computed tomography (CT) scans of <820 HU, pancreatic stenting 
before the procedure, secretin administration before ESWL, and ERCP delayed by 2 days 
are related to better outcomes [20, 21]. Pancreatic pseudocysts are not related to MPD 
stone clearance [22]. The most common complication of ESWL is pancreatitis, asymp-
tomatic hyperamylasemia, hematuria, mucosal injury, infection, skin erythema, tender-
ness, acute stone incarceration in the papilla, bleeding, and perforation could also be seen 
[23]. Contraindications for ESWL include non-correctable coagulopathy, pregnancy, and 
the presence of bone, calcified vessels, and lung tissue in the shockwave way [24].

Intracorporeal lithotripsy using electrohydraulic or laser lithotripsy under peroral 
pancreatoscopy, is recommended when ESWL is unavailable or stones are not frag-
mented after ESWL. A total of 43–100% of patients had successful MPD clearance 
in a systematic review. In the most extensive study of 38 patients (280 endoscopic 
therapy sessions, 88 of them with pancreatoscopy), complete and partial stone clear-
ance was 24% and 10%, respectively [25, 26].

4. MPD strictures

In cases of stenosis in the MPD, possible malignancy should be ruled out using 
high-quality pancreatic CT or magnetic resonance cholangiopancreatography 
(MRCP). Brush cytology should be performed, and biopsy should be performed if 
necessary. A dominant MPD stricture is characterized by upstream MPD dilatation 
of ≥6 mm, prevention of contrast medium outflow alongside a 6-Fr catheter inserted 
upstream from the stricture, and abdominal pain during continuous infusion of 
a nasopancreatic catheter inserted upstream from the stricture with 1 L saline for 
12–24 h. Technical success was defined as stent insertion across the dominant MPD 
stricture. This management aims to decompress the MPD, improves pain, dilates the 
stricture, and allows stone clearance after ESWL. A prospective non-randomized 
study on patients with dominant strictures reported less pain in the temporary pan-
creatic stenting group during a 5-year follow-up (15% vs. 50%) [27]. These strictures 
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are generally single in >80% of the patients. Temporary single pancreatic stents 
provide 9–50% resolution and 67.5% pain relief [28, 29].

A refractory stricture was defined as symptomatic persistent dominant strictures 
or relapse after 1 year of single pancreatic stenting. Refractory strictures can be 
treated with multiple side-by-side stents, self-expanding metallic stents (SEMSs), 
or surgery. Temporary insertion of multiple side-by-side stents provided high stric-
ture resolution and pain relief of 89.5% and 77.1%, respectively, during a 9.5-year 
follow-up [30]. SEMS insertion also achieved high pain improvement in 37–88% of 
all patients in a follow-up of 3–4 years [31]. Unlike SEMS, uncovered and partially 
covered stents are not suggested for migration risk.

Pancreatic sphincterotomy is mainly suggested if biliary drainage is necessary to 
facilitate MPD cannulation. Sphincterotomy is not mandatory for pancreatic stenting. 
Pancreatic stenting is performed mostly after ESWL if there is a pancreatic stone. The 
technical success of a single pancreatic stent is approximately 92%. In 18 series of 811 
patients, the mean stenting duration was 10.6 months [32].

Multiple side-by-side pancreatic stents are another treatment option for refrac-
tory cases. Different stent designs are used: straight, winged, and s-shaped, with 
side holes. Stents with large side holes are suggested to have a low occlusion risk. The 
stent diameter is also critical. Patients with CP with ≤8.5-Fr pancreatic stents are 3.2 
times more often hospitalized with abdominal pain than patients with CP with a 10-Fr 
pancreatic stent [33, 34].

The “on-demand” stent exchange strategy is based on clinical and laboratory 
evaluation at 6-month intervals, such as secretin-enhanced (S)-MRCP, abdominal 
ultrasound, abdominal radiography, and blood/urinary lipase analysis. However, this 
policy, in four series of 288 patients, reported a 5.2% rate of pancreatic sepsis [35]. 
Nevertheless, 12 series of 521 patients in whom the pancreatic stent was changed 
every 3 months regularly reported no septic complications [36].

Mild pancreatitis and worsening pancreatic pain are the most common short-
term complications after plastic stenting, followed by sepsis, cholangitis, and 
post-sphincterotomy bleeding. During follow-up, proximal and distal stent migra-
tion was reported in 2.7% and 3.6% of the cases, respectively. Stent-induced ductal 
lesions were observed in 18% of the cases, and the mortality rate was 0.4% (7/1620). 
Complications after SEMS insertion include migration (15–46%), de novo strictures 
(16–27%), severe pain (7–20%), and stent removal (15%).

EUS-guided access and drainage is another treatment modality for patients with 
symptomatic MPD obstruction and failed transpapillary drainage. After puncturing 
the MPD through the gastric or duodenal wall, transpapillary drainage can be facili-
tated with a guidewire (rendezvous technique), transmural drainage with a plastic 
stent, or a fully covered SEMS (FCSEMS) can be used to achieve successful pain relief. 
This is one of the most challenging EUS-guided therapies. Failed EUS-guided access 
and drainage occur in 10% of cases, and complications such as severe pancreatitis, 
perforation, bleeding, and hematoma can occur [37]. This procedure is suggested only 
in tertiary centers after multidisciplinary discussion.

5. Benign biliary strictures

Biliary strictures occur during CP in 3–23% of all patients. Peribiliary fibrosis or 
pressure of the pancreatic pseudocyst (PPC) may play a role in pathophysiology. They 
can be asymptomatic or present with jaundice, cholangitis, or choledocholithiasis. 
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Jaundice could be resolved in 20–50% of patients in 1 month spontaneously [38]. 
However, secondary biliary cirrhosis is frequent (7.3%), and asymptomatic serum 
alkaline phosphatase and/or bilirubin for longer than 4 weeks predicts the need for 
endoscopic management [39]. As in all strictures of the hepatobiliary tract, malignan-
cies should be excluded.

Single plastic stents are ineffective for the long-term management of biliary stric-
tures. Multiple side-by-side plastic stents or FCSEMSs are widely used for endoscopic 
treatment. These stents have been suggested as the primary treatment for benign 
biliary strictures in the absence of associated lesions (such as inflammatory masses). 
Moreover, the success of the treatment was evaluated after 12 months or three 
endoscopic procedures. A single retrospective study comparing surgery and endos-
copy reported that endoscopy had lower morbidity (21%, 83%) and success (15%, 
66%) in the second year of treatment, which could be related to accepting incomplete 
resolution as a failure [40]. Uncovered SEMSs were not considered because of their 
poor long-term results. Multiple side-by-side plastic stents and FCSEMSs have similar 
success (88%, 90.9%) and morbidity (23.3%, 28.6%) rates [41]. If the stricture does 
not respond to endoscopic therapy, hepaticojejunostomy remains a valid treatment 
option.

6. Pancreatic pseudocysts (PPCs)

One-third of the patients with CP developed PPCs. In the evaluation, potentially 
malignant mucinous neoplasms should have been excluded. Transmural drainage, 
transpapillary drainage, or a combination of these techniques can be used in endo-
scopic treatment. The transpapillary route is only appropriate for half of the PPCs, 
which are small (<50 mm) and communicate with the MPD in the head or body of the 
pancreas [42]. Clinical success is defined as resolving the symptoms with complete 
resolution of PPC or a decrease in PPC to less than 2 cm [43]. Spontaneous regression 
of chronic PPCs is rare and typically occurs in PPCs of <4 cm. Symptomatic PPCs that 
cause abdominal pain, gastric outlet obstruction, early satiety, jaundice, weight loss, 
infection, or bleeding should be treated. Progressive growth of a PPC is an indication 
for some authors; however, others suggest follow-up for symptoms. If significant ves-
sel compression occurs due to a PPC, the risk-benefit ratio should be checked before 
intervention.

Endoscopic drainage of PPCs has higher clinical success, shorter hospital stay 
than percutaneous drainage, and similar morbidity and recurrence rates [44]. 
Percutaneous drainage seems to be a better option when a PCC is not endoscopically 
accessible. A meta-analysis of 255 patients reported that surgery had a higher success 
rate, higher hospital cost, and extended hospital stay with similar morbidity and 
recurrence rates [45]. Current guidelines suggest endoscopic treatment for an uncom-
plicated PPC in CP over percutaneous or surgery, if accessible.

S-MRCP is a suggested method for evaluating the PPC and MPD anatomy before 
the procedure, which has an accuracy of >90% for diagnosing MPD rupture. In the 
management, transmural drainage is adequate in the absence of MPD rupture. In 
cases of partial rupture, treatment should include bridging the rupture with a stent. 
Complete MPD rupture (disconnected pancreatic duct syndrome) is associated with 
a high recurrence rate. Therefore, long-term indwelling of transmural double pigtail 
stents should be considered [46]. ERCP is regarded as the gold standard for diagnos-
ing MPD rupture and carries an infection risk for a patient with a sterile PPC [47].
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Transmural drainage can be performed using EUS or a conventional approach. 
EUS-guided transmural drainage has a higher technical success rate; however, there 
are no differences in the complications or clinical success. This difference occurs 
because of non-bulging collections, observed in approximately half of all PPCs 
[48]. Double pigtail plastic stents are generally preferred for PPCs. The number 
and diameter of these stents were not associated with clinical success [49]. biliary 
FCSEMSs could also be preferred when disconnected pancreatic duct syndrome is 
ruled out, and the duration is expected to be lesser than 6 weeks. A double pigtail 
plastic stent should be inserted through the biliary FCSEMS to prevent migration. 
Current guidelines suggest retrieval of transmural plastic stents at least 6 weeks after 
PPC regression; however, long-term indwelling of transmural plastic stents is needed 
for disconnected pancreatic duct syndrome. Retrospective studies have reported that 
long-term indwelling stents are highly effective and low PPC recurrence has been 
reported. PPC recurrence is associated with stent migration within 6 months and 
MPD disruption at the pancreatic head. Lumen-apposing metal stents can also be 
used for PPC in CP; however, it is less cost-effective than plastic stents.

Extrahepatic portal hypertension occurs during CP in ≥15% of all patients [50]. 
In this case, the EUS-guided transmural route was suggested. In two case series with 
26 patients, the bleeding rate was 4% [51]. A pseudoaneurysm can occur in 1–10% of 
the cases during the course of CP [52]. Arterial embolization is suggested before the 
endoscopic drainage of a PPC.

7. Endosonography-guided celiac plexus block (CPB)

Once medical treatment options fail, persistent severe pancreatic pain can be 
treated endoscopically or surgically. The CPB can be used in patients with significant 
abdominal pain who have a poor general condition and have not responded to endo-
scopic treatment. In this technique, a combination of glucocorticoids and a long-
acting local anesthetic (generally bupivacaine) can be administered using CT or EUS. 
EUS guidance is safer, more effective, and longer-lasting than CT. Bilateral injection 
(bupivacaine 0.25% [4 ml each side], followed by triamcinolone 80 mg [40 mg each]) 
and, central or unilateral injection (bupivacaine 0.25% [8 ml], followed by triamcino-
lone 80 mg) could be used. Bilateral injection seems to be an optimized distribution; 
however, supporting data are lacking.

It is unclear which patients derive the benefits of CPB. A long duration of pain may 
negatively affect the outcome because of permanent neuroplastic changes. Narcotic 
dependence is another factor that makes the treatment challenging. It is difficult to 
determine whether it is a hyperalgesia-related opioid or ineffective treatment, which 
also predicts a poor outcome. In a meta-analysis, it has been reported that EUS-guided 
CPB can relieve pain in 51–59% of patients [53]. However, it is reportedly inferior to 
surgical management. In a cohort study of 248 patients with CP, CPB was associated 
with pain relief in 177 patients (76%), with a median duration of 10 weeks [54]. The 
effect of CPB generally lasts for 3 months, after which the pain may worsen. It could 
be repeated for 3 or 6 months if it is beneficial in the initial celiac intervention. Nerve 
destruction may cause an increase in pain, hypotension, hemorrhage, infection, and 
neurological complications.

Celiac plexus neurolysis and absolute alcohol injection are used in pancreatic 
malignancies. However, it is not recommended for CP because of its potentially severe 
side effects. Due to the desmoplastic reaction, the possible future pancreatic surgery 
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may get complicated. There is no routine recommendation or consensus for CPB or 
neurolysis for managing CP in the current guidelines.

8. Conclusions

The impact of endoscopy on managing CP is increasing. EUS-based criteria are the 
gold standard for diagnosing early CP. Early recognition of CP can change patients’ 
futures. ESWL is the primary treatment of choice for patients with pancreatic stones. 
The strictures should be evaluated for possible malignancies. Plastic stents are feasible 
and cost-effective for treating benign strictures. Complications such as PPC can be 
successfully managed with transmural drainage. CPB is an alternative treatment 
option for opioid-resistant pancreatic pain. Surgery remains a treatment option after 
repeated procedures and in challenging refractory cases.
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CP chronic pancreatitis
CPB celiac plexus block
CT computed tomography
ePFT endoscopic pancreatic function test
ERCP endoscopic retrograde cholangiopancreatography
ESWL extracorporeal shock wave lithotripsy
EUS endoscopic ultrasound
FCSEMS fully covered self-expanding metal stent
MPD main pancreatic duct
PPC pancreatic pseudocysts
S-MRCP secretin-enhanced magnetic resonance cholangiopancreatography
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Pancreatic Pseudocyst
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Abstract

Pancreatic pseudocysts frequently occur in the context of acute or chronic  
pancreatitis and seldom appear as a post-surgical outcome or trauma. Complicated 
pancreatic pseudocysts represent extremely rare entities but still life-threatening 
situations, including infection, hemorrhage, rupture, pseudoaneurysms, pancreatic 
fistulas, obstructions, and splenic complications. Premature diagnosis, based on 
transabdominal ultrasonography or computed tomography, is crucial for the early 
therapeutic approach. Conservative treatment, surgical and endoscopic intervention 
consist the therapeutic options. Thus, management of the complicated pseudocysts 
demands a multidisciplinary team eligible to cope with complications that might 
even occur due to the intervention. Pancreatic pseudocysts represent a challenge for 
clinical doctors.

Keywords: pancreatic pseudocyst, differential diagnosis, complications, 
multidisciplinary approach, treatment

1. Introduction

Pseudocyst of the pancreas is a localized fluid collection that is rich in amylase 
and other pancreatic enzymes and is enclosed by a wall of non-epithelialized fibrous 
tissue. Pancreatic pseudocysts (PPCs) frequently occur in the context of acute or 
chronic pancreatitis and seldom appear as a postsurgical outcome or trauma. PPCs 
are less commonly related to acute pancreatitis compared to chronic pancreatitis, 
due to progressive ductal obstruction while the most common causative factor is 
alcohol consumption [1, 2]. Computed Tomography (CT) is the diagnostic modality 
of choice, as it considered to be superior to Ultrasound (US), providing more detailed 
information regarding the surrounding anatomy. It can demonstrate additional 
pathology, including pancreatic duct dilatation and calcifications, common bile 
duct dilatation, and extension of the pseudocyst outside the lesser sac. Complicated 
PPCs are extremely rare entities but still life-threatening situations, which affect the 
adjacent tissues of the pancreatic parenchyma. They can lead to infection, hemor-
rhage, rupture, pseudoaneurysms, pancreatic fistulas, obstructions, and splenic 
complications. Although they are well described, there is no consensus regarding the 
“gold-standard” therapy. Therapeutic approaches include conservative treatment(as 
a majority of cases have been resolved spontaneously), surgical and endoscopic 
intervention.
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2. Historic review and classification for acute pancreatitis

Atlanta classification was the first classification for acute pancreatitis and was 
originally stated in 1992; giving the opportunity to the universal surgical community 
to have a common aspect regarding its definition [3]. However, soon this terminology 
proved to be inadequate and confusing and became outdated. In addition, definition 
of the pancreatic fluid collections was not well-established and there was huge variety 
among the surgeons [4]. Better comprehension of the etiology and the pathophysiol-
ogy of the acute pancreatitis has led to revision of the Atlanta Classification for the 
acute pancreatitis, two decades later, correcting the aforementioned deficiencies. This 
revised classification differentiates the acute pancreatitis into two phases: early and 
late onset as well as the severity as mild, moderate, and severe [5].

Regarding the pancreatic and the peripancreatic fluid collections, terms such 
as “acute pseudocyst” and “abscess” were misleading and therefore discouraged. 
Instead, there was a clear distinction between collections that are consisted of sole 
fluid and those with debris (solid components due to necrosis). Another important 
factor affecting the categorization of the fluid collections is the presence of infection 
and certainly the duration of existence (Figure 1) [5]. In the Atlanta classification, 
PPC was described as a well-defined extra-pancreatic fluid collection with minimal 
solids, which lasts more than 4 weeks as the pancreatitis recedes.

3. Etiology

The appearance of PPC parallels that of pancreatitis and the etiology is strictly 
associated with the causes of pancreatitis. Typically, the PPCs form as a result of pan-
creatic duct disruption with subsequent fluid leakage or by the maturation of peri-
pancreatic necrosis. Ninety percent of them occur in the context of pancreatitis, while 
only 10% are caused by trauma (surgery, gunshots, and blunt abdominal trauma) [6]. 
Regarding the acute pancreatitis, PPCs formation (approximately 15%) is infrequent 

Figure 1.  
Classification of pancreatic fluid collection.
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in comparison with the chronic pancreatitis. Alcohol-associated pancreatitis appears 
to be the major causative factor in countries where alcohol consumption is high [7].

4. Pathogenesis

Several different procedures participate in the pathogenesis of the PPCs. In the 
cases that pseudocysts arise as a complication of severe acute pancreatitis, there is 
extravasation of pancreatic secretions due to disruption of the pancreatic duct. The 
gland necrosis leads to local fluid collection, which persists for more than 4 weeks as the 
inflammation recedes. Such pseudocysts usually contain enzymatic fluid and necrotic 
debris [8]. Concerning the pathogenesis of pseudocysts in chronic pancreatitis patients, 
at least two mechanisms may be involved. The cyst may develop as a consequence of 
progressive ductal obstruction by a protein plug, calculus, or localized fibrosis. In 
addition, a potentially acute exacerbation of the underlying disease can cause the cystic 
formation. Two-thirds of the patients with pseudocysts appear to have a connection 
between the pseudocyst and the pancreatic duct, while the rest do not have this exact 
finding and the cystic formation is caused due to the inflammatory reaction [9].

5. Classification system

Although PPC as a term is well-established, there is no classification system widely 
accepted. The first classification system was proposed by D’Egidio and Schein based 
on the underlying etiology of pancreatitis (acute or chronic), the pancreatic ductal 
anatomy and the presence of communication between the cyst and the pancreatic duct 
[10]. Using this classification system, the cyst may be divided into three distinct types:

• Type I, or acute “post-necrotic” pseudocysts, occur after an episode of acute 
pancreatitis and are associated with normal duct anatomy and rarely communi-
cate with the pancreatic duct.

• Type II, also post-necrotic pseudocysts, occur after an episode of acute-on-
chronic pancreatitis (the pancreatic duct is diseased, but not structured, and 
there is often a duct-pseudocyst communication).

• Type III, defined as “retention” pseudocysts, occur in chronic pancreati-
tis and are uniformly associated with duct stricture and pseudocyst-duct 
communication.

The latest classification system was proposed by Pan G. et al. based on the anatom-
ical location and clinical manifestation of the pseudocysts, along with the relationship 
between the cyst and the pancreatic duct (Table 1) [11]. His aim was the selection of 
the optimal therapeutic approach for each stage.

6. Pancreatic pseudocysts differential diagnosis

Although PPCs are the most frequent cystic lesions, there are other malignant 
cystic lesions that can mimic the clinical manifestations of the PPCs. Malignant 



Multidisciplinary Management of Acute and Chronic Pancreatitis

138

cystic lesions account for 10–15% of the pancreatic cysts [12]. It is well estab-
lished, that imaging modalities alone can be misleading in diagnosing cystic 
malignancies due to the imaging similarities [13]. In general terms, the risk of 
potential malignancy in incidentally detected cysts is low [14]. The most com-
mon cystic malignancy is Branch Duct Intraductal Papillary Mucinous Neoplasm 
(BD-IPMN) [15]. Predictive factors for malignancy are the size of the cyst 
(>3 cm), dilated pancreatic duct, and the solid component associated with the 
cyst. Multiple cysts and cyst enlargement over time are not correlated with the 
appearance of neoplasm [14].

The distinction is important in order to provide the optimal therapy for the 
patient. The differential diagnosis should include serous cystic tumors, mucinous cys-
tic neoplasms, solid pseudopapillary neoplasms, and the recently known Intraductal 
papillary mucosa neoplasm (IPMNs). In the context of absence of history of pancre-
atitis, the physicians should suspect malignancy and further diagnostic modalities 
such as image-guided aspiration/biopsy should be performed. Magnetic resonance 
cholangiopancreatography (MRCP) can visualize possible communication between 
the main pancreatic duct and a cystic lesion noninvasively. In addition, endoscopic 
ultrasound can provide further structure information in greater detail and facilitate 
aspiration or biopsy of smaller lesions [16].

7. Clinical manifestations

Patients with acute pancreatitis who are not treated within seven days or those 
whose symptoms reappear after a transient improvement period should be sus-
pected of pancreatic pseudocysts. The clinical manifestations are strictly associ-
ated with the local mass effect. The symptoms and the signs are summarized in 
Table 2.

Type Description of pancreatic pseudocyst

I <5 cm and without complications, symptom, and neoplasia

II Suspected cystic neoplasia

III The Location of pancreatic pseudocyst is uncinate

IIIa Pseudocyst communication with the pancreatic duct

IIIb Without communication between pseudocyst and pancreatic duct

IV Location of pancreatic pseudocyst is head, neck and body

IVa Exist communication between pseudocyst and pancreatic duct

IVb Distance from the cyst to the gastrointestinal wall is <1 cm

IVc Neither IVa nor IVb

V Location of pancreatic pseudocyst is tail

Va Splenic vein involvement or upper gastrointestinal bleeding

Vb Distance from the cyst to the gastrointestinal wall is <1 cm, without 
splenic vein involvement or upper gastrointestinal bleeding

Table 1. 
Pan G. et al. classification of pancreatic pseudocysts.
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8. Radiological examinations

The golden standard radiological measure of the PPCs is the CT. It can visualize 
the size of the cyst, its shape as well as any possible association with the adjacent 
tissues. Also, bearing in mind that PPCs are a progressive disease, CT can facilitate the 
follow-up.

Regarding the US, it is a side-bed, inexpensive, and noninvasive radiological 
modality. Also, with its ability to measure blood flow, it is suitable to differentiate 
pseudoaneurysms or ruptures inside the PPC. Finally, US can serve as an imaging 
guide for further diagnostic and interventional methods. Despite these advan-
tages, the most crucial problem is the visibility and the exposure of the pancreas 
and the peri-pancreatic region due to the bowel gas and the patient’s weight. In 
addition, it is operator-dependent with a sensitivity in pancreatic fluid collections 
of approximately 75–93% [17].

Last but not least, magnetic resonance imaging (MRI) can also provide similar 
data for the PPCs. Its main advantage is the capacity for easier differentiation of the 
solid debris [18]. MRI also proved to be superior to CT in the prediction of a potential 
drainable peri-pancreatic fluid collection [19]. However, MRI is far more expensive 
than CT and its availability is limited at several institutions.

9. Pancreatic pseudocysts complications

Generally, peri-pancreatic fluid collections are sterile and most of the cases are 
resolved without any invasive intervention. Potentially, untreated pancreatic pseudo-
cysts can cause life threatening complications including Infection, rupture, pancreatic 
fistulas and ascites, vascular complications (Pseudoaneurysm formation, Hemosuccus 
Pancreaticus, Splenic or Portal vein thrombosis), and splenic complications and local 
mass effect (Gastrointestinal, Urinary obstruction or biliary complications).

9.1 Infection

As aforementioned, peri-pancreatic fluid collections are sterile. Infected pancre-
atic pseudocysts occur in up to 10% of cases, usually spontaneously or after iatrogenic 
intervention (diagnostic or therapeutic manipulation) [20]. The most common spe-
cies of pathogens that are frequently found in PPCs originated from the enteric flora 
and include E. coli, Klebsiella pneumoniae, Enterococcus spp., and, Enterobacter 
spp., less frequent are Pseudomonas aeruginosa, Streptococcus spp., Staphylococcus 
spp., and Bacteroides [21]. The route of the bacteria leading to infection in pancreatic 

Frequency Sign and symptom

Most frequent Abdominal pain and early satiety

Uncomon Fever, palpable mass, weight loss/anorexia (due to gastric duodenal 
compression), feeding intolerance

Rare Jaundice (due to bile duct compression)

Table 2. 
Signs and symptoms of pancreatic pseudocysts.
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pseudocyst is still unclear. Several mechanisms have been proposed, such as infec-
tion from the biliary tree or duodenum, translocation of bacteria from the gut, and 
hematogenous or lymphatic spread from other sites.

Since clinical manifestations may vary, infection should be suspected in any.
patient with fever or suggestive signs or symptoms of sepsis. An infected pan-

creatic pseudocyst is accompanied by fever, shivering, and elevated white blood cell 
count. The presence of bubble gas sign on CT is a crucial finding for infection and the 
physician should be suspected. Nevertheless, US-guided aspiration (EUS-FNA) and 
sending the fluid for gram stains and cultures will provide the definitive diagnosis.

In addition, the results would provide information for the appropriate antibiotic 
treatment. If the acute infection is confirmed, then drainage should be performed by 
endoscopic, percutaneous, or surgical procedures.

9.2 Rupture

Rupture of the pancreatic pseudocyst can lead to a favorable outcome or a poten-
tially life-threatening situation. Rupture to the adjacent gastrointestinal tract will lead 
to vomiting, diarrhea, melena, hematemesis, or hematochezia. However, rupture into 
the peritoneal cavity can cause severe peritonitis or hemorrhagic shock and pancreatic 
ascites. Its clinical manifestation includes severe abdominal pain, fever, food intoler-
ance, tachycardia, and hypotension. Intraperitoneal hemorrhage from ruptured pan-
creatic pseudocyst is associated with an extremely high mortality rate (35.3%) [22]. 
The exact mechanism of rupture remains unknown. Possibly, erosion or disruption 
due to either severe inflammation or the activated lytic enzymes in the pseudocyst, in 
a superficial vessel may have weakened the pseudocyst wall, subsequently resulting 
in the spontaneous rupture of the pseudocyst [23]. The content of the pseudocyst 
(amylase, lipase, and other proteolytic enzymes) can cause erosion of the nearby 
viscera, thrombosis of the adjacent vessels, or further complications [24].

Traditionally, the optimal therapeutic choice is the internal drainage either 
through cysteogastrostomy or Roux-en-Y cysteojejunostomy [25]. Extensive local 
inflammation or incapability of identifying the cyst walls can lead to the failure 
of creation of the anastomosis. In these cases, external drainage and lavage of the 
peritoneal cavity can be achieved with safety [9]. Recently, another option, which was 
reported, is the endoscopic ultrasound-guided drainage and endoscopic ultrasound-
guided gastrocystostomy with a fully covered self-expandable metallic stent [26]. 
However, the authors highlighted that can be useful in local fluid collection due to the 
ruptured pseudocyst.

Regarding the ruptured pseudocysts in nearby viscera, the literature recom-
mends conservative treatment unless there is active bleeding, or the patient is 
febrile. The most common site seems to be the stomach, but there is not enough data 
to support this. Beside the conservative treatment, the authors recommend endo-
scopic intervention (potential clipping of bleeding vessels, stenting) as first choice 
of treatment and surgical intervention when endoscopic management is impossible 
(gastrectomy) [23, 27–29].

9.3 Pancreatic fistula and ascites

A big majority of patients with acute pancreatitis will develop pseudocysts, while 
only a small percentage of them will develop fistula or ascites as pseudocyst com-
plications. There is no data regarding the mechanism for the creation of the fistula. 
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Fistulas are divided into two categories: internal which include fistulas associated 
with the adjacent viscera to the pseudocyst; andnd external, mainly due to iatrogenic 
manipulations. Connection from the pseudocyst to the stomach, colon, small intes-
tine, bronchi, biliary tract, and esophagus have been described. Early recognition 
of this rare entity is crucial. CT, MRI, and MRCP have a principal role. In addition, 
fistulography has been proven trustworthy for a definitive diagnosis [30]. Like the 
aforementioned complications, a stepwise approach is the key starting from conser-
vative treatment to endoscopic or surgical interventions.

The external pancreatic pseudocyst fistulas can mostly occur as a complication 
of the percutaneous drainage. On suspicion, any aspired fluid must be checked for 
amylase levels ensuring the diagnosis. Also, another option is to inject a contrast 
media through the drain or fistula to assess for a pancreatogram, which confirms the 
diagnosis. Initial treatment is considered to be conservative as in the majority of the 
cases, fistulas are resolved without any intervention [31]. Although external fistulas 
are iatrogenic complications, there are a few cases that have been reported with 
spontaneous pancreatocutaneous fistula [32, 33]. In both cases, pseudocyst occurred 
retroperitoneally with swelling at the left lumbar and left flank region accordingly. 
In the first case, conservative treatment was chosen while the second one underwent 
surgical drainage. Both cases had favorable outcomes.

Ascites are another complication of the pancreatic pseudocyst. In most of the cases 
(about 80%), ascites appears due to leakage of the pseudocyst in patients with chronic 
pancreatitis [34, 35]. Patients with pancreatic ascites usually refer to mild abdominal 
pain, decreased appetite, sense of satiety, and weight loss. One very important lead-
ing point is the medical history of patient, which must include chronic pancreatitis 
or a recent episode of acute pancreatitis. The diagnosis is set by drainage and the 
ascitic fluid has high amylase concentration (over 1000 IU/L) and protein concentra-
tion over 3 g/dl, which differentiates it from cirrhosis, tuberculosis, or malignancy 
[36]. Imaging modalities that could lead to diagnosis is the endoscopic retrograde 
cholangiopancreatography (ERCP) which is the “gold standard” to confirm the site of 
leakage; while in cases where ERCP is contraindicated, MRCP can define the anatomy 
of pancreatic duct and its abnormalities [37, 38]. Treatment of this entity concerns 
mainly the therapy of the pancreatic pseudocyst. Conservative treatment, drainage 
either internal (cystogastrostomy, cystojejunostomy, or cystoduodenostomy) or 
external and distal pancreatectomy when the leak is in the pancreatic tail are possible 
options [37].

9.4 Vascular complications

Patients suffering from pancreatic pseudocysts can potentially develop vascular 
complications, such as pseudoaneurysm formation within the cyst, splenic and portal 
vein complications.

Formation of pseudoaneurysm inside the pancreatic pseudocyst is a rare pathol-
ogy and life-threatening situation with high mortality rates. The exact mechanisms 
are still under investigation, but three possible mechanisms have been proposed. 
Firstly, inflammation in conjunction with pancreatic enzymes could lead to erosion 
of pancreatic or peripancreatic artery and consequently the formation of pseudoan-
eurysm; communication of a pancreatic pseudocyst with a vessel; and lastly a pseu-
docyst eroding the bowel wall with bleeding [39, 40]. The symptoms are nonspecific, 
and even on suspicion the patient must undergo a thorough examination to avoid any 
rupture resulting in severe bleeding. Contrast-enhanced CT or angiography if the 
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patient is stable is used for recognition of the vessel. In addition, angiography can be 
used for immediate angio-embolization after tracking the bleeding site. Endovascular 
interventions should be the first-line treatment [41]. In case of unsuccessful endo-
vascular intervention, a surgical treatment should be performed. The general idea is 
drainage of the pancreatic pseudocyst and arterial ligation of the vessel that causes 
the pseudoaneurysm. Splenic artery is the most frequent vessel involved [42].

A pseudocyst can also be the cause of portal vein or splenic vein thrombosis. 
Pathophysiologically, local inflammation and complement system activation can 
contribute to thrombosis. In addition, pseudocyst can compress the portal or splenic 
vein leading to obstruction and consequently to portal hypertension. Treatment 
includes management of the pancreatic pseudocyst and its cause, e.g. lithrotripsy 
if choledocholithiasis exist, and management of the thrombosis. Anti-coagulation 
therapy, thrombolytic agents (urokinase), endovascular intervention (transjugular 
intrahepatic portosystemic shunt) as well as surgery have been described [43–45].

Last but not least, communication between the pseudoaneurysm and the pancre-
atic duct can result in severe bleeding to gastrointestinal tract through the ampulla of 
Vater. This life-threatening situation is called hemosuccus pancreaticus also known 
as wirsungorrhagia and pseudohemobilia. The most frequent clinical manifestation 
includes melena, hematochezia or hematemesis, symptomatic anemia, abdominal 
pain, nausea, and vomiting [46]. The “gold standard” diagnostic as well as therapeutic 
modality is the angiography identifying the causative vessel and applying the proper 
interventional method (stent placement and metallic coil embolization). In patients 
whose endoscopic intervention failed, or in those that are unstable, surgery is still an 
option without experiencing unwanted complications [47].

9.5 Splenic complications

Splenic rupture in acute and chronic pancreatitis accounts for 9% of the atrau-
matic splenic ruptures [48]. Especially, if a pancreatic pseudocyst occurs at the tail 
of the pancreas, the pancreatic enzymes and the inflammation can erode the splenic 
parenchyma secondary to hematoma. The main etiological factor is excessive alco-
hol consumption, while the majority of patients are referring to abdominal pain, 
nausea, vomiting, and lumbar pain [49]. Early recognition of this complication 
with CT and/or angiography is important for the immediate therapeutic approach, 
which is consisted of conservative management, percutaneous drainage, splenic 
artery embolization (hematoma exists without rupture), and splenectomy (when a 
rupture occurs) [50–52].

Other splenic complications, such as splenic artery pseudoaneurysm and splenic 
vein thrombosis are described in the “vascular complications” session.

9.6 Local mass effect

There have been reported cases in which the pancreatic pseudocyst caused com-
pression to the adjacent viscera due to its huge size. Additionally, a big pancreatic 
pseudocyst can increase the intra-abdominal pressure leading to orthopnea, dyspnea, 
abdominal pain, and distention. Depending on the region of the cyst, the common 
bile duct and the poral vein or the splenic vein could be obstructed resulting in 
obstructive jaundice and portal hypertension (see session “vascular complications”) 
accordingly [53, 54]. Endoscopic approach reducing the size of the cyst combined 
with stenting is the ideal treatment for this situation.
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10. Conclusions

PPC is a frequent complication of acute or chronic pancreatitis. Maturation of 
the pseudocyst needs at least 2–6 weeks. In this short period of time, the majority of 
them are resolved without any invasive treatment. Patients with persistent symp-
toms should be examined thoroughly. Early recognition of the complication of the 
pancreatic pseudocyst is mandatory. An abdominal CT scan is the initial radiological 
modality. Multidisciplinary and stepwise approaches to evaluating the data properly 
will lead to favorable outcomes for the patient. The physicians should be suspicious of 
these aforementioned rare complications, which can potentially be fatal.
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Chapter 8

Dietary Interventions for
Pancreatitis
Mariasara Persano, Maria Lisa Marcon, Elisa Paccagnella,
Claudia Vigo and Agostino Paccagnella

Abstract

Pancreatic insufficiency, both acute and chronic, is an important cause of
maldigestion and malnutrition caused by impaired exocrine pancreatic function.
Many causes are able to determine pancreatic insufficiency which, depending on the
severity, can manifest itself with very diversified symptoms. The chapter will illus-
trate the diagnostic and monitoring methods of pancreatic pathology in the acute and
chronic phases. Great attention will be given to oral nutrition, in its various forms,
including enteral and peranterior artificial nutrition. Finally, we will discuss the most
appropriate pharmacological therapy to optimise food absorption in the different
phases of the disease. Each of the aspects considered takes into account the most
recent literature and the clinical experience of the authors.

Keywords: acute pancreatitis, chronic pancreatitis, artificial nutrition, pancreatic
insufficiency, pancreas diet

1. Introduction

1.1 Symptoms and causes of acute pancreatitis

Pancreatitis is an inflammatory process, either acute or chronic, resulting from the
outset, caused by digestive enzymes, of a process of self-digestion of the pancreas, and
resulting in a complex inflammatory pattern which is extremely challenging for
patients. Since even organs and systems located far from the pancreas can be variably
involved in such pattern, the manifestations and the intensity of the disease may
prove extremely severe, to the point of endangering the patient’s life [1, 2].

A healthy pancreas synthesises over 10 digestive enzymes in the acinal cells, while the
pancreatic ducts host the production of bicarbonate, whose function is that of
neutralising the acid content of the stomach when it reaches the duodenum. The
increased pH makes the duodenum the ideal environment for the pancreatic and the
jejunal digestive brush border enzymes. Complex factors contribute to the stimulation of
the exocrine pancreas, including the intake of highly caloric food (>500 kcal),
the presence of free fatty acids in the duodenum, the intake of essential aminoacids
(phenylalanine, valine, methionine, tryptophane) and solid rather than liquid or
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semi-liquid dietary consumption (slower gastric emptying). The exocrine stimulation
mainly occurs through the vagus nerve and the secretion of cholecystokinin (CCK) [3–5].

The onset of Acute Pancreatitis may be sudden, with pain ranging from mild to
severe and often accompanied by fever, nausea and vomiting. The intensity of the pain,
typically located in the epigastric area, is not always correlated with the disease severity
and may radiate towards the back, the chest or the hips (Tables 1 and 2) [6, 7].

Data regarding the severity of the clinical picture and that of any complications are
essential in the prognosis. Scores have been elaborated aimed at quantifying the severity
of the clinical picture (Ranson’s score; Harmless Acute Pancreatitis Score [HAPS];
Modified Glasgow Acute Pancreatitis Severity Score; Atlanta Score for Acute Pancreatitis
2013; Bedside Index for Severity in Acute Pancreatitis) [8–12]. These scores are fre-
quently associated with systemic assessment scores such as the Marshall Score (Table 3)
[13]. Predictive symptoms of clinical worsening in patients with Acute Pancreatitis are:
body temperature < 36 o > 38°C (<96 or > 100°F), heart rate > 90/min, respiratory
rate > 20/min, white blood cells <4 x 109/L or > 12 x 109 L (<4 or > 12 K/mm3).

SYMPTOMS SIGNS

1.Pain:
• generally sudden onset
• mainly in the upper abdomen/epigastric area
• persistent, progressively increasing intensity

(not relieved by ordinary analgesics)
• duration: from hours to a day
• often radiated towards the back, the chest and

the hips
• often relieved by fetal position;

2.Associated symptoms: nausea, vomiting,
anorexia, abdominal distension;

3.Aggravating factors: eating or drinking
(especially alcohol);

4.Korte’s sign: painful resistance in the epigastric
area where the head of the pancreas is located,
6–7 cm above the navel.

1.General condition: distress, anxiety;
2.Vital signs: fever, tachycardia, hypotension,
tachypnea;

3.Clinical signs: jaundice, cyanosis, dehydration
4.Abdominal pain: marked epigastric tenderness
with voluntary and involuntary shielding +/�
rigidity, abdominal distension, reduced
peristalsis, sometimes palpable pseudocyst;

5.Possible pleural effusion;
6.Common signs associated with pancreatitis:
• Voskresynskyy sign: absence of abdominal

aortic pulsation in epigastric area;
• Mayo-Robson sign: costovertebral angle

(CVA) tenderness;
• Razdolsky sign: tenderness during pancreas

percussion;
7.Uncommon signs associated with severe
Necrotizing Pancreatitis:
• Cullen sign (presence of peri-umbilical

oedema with bruising as a result of
intraperitonal haemorrhage)

• Grey-Turner’s sign (brownish colouration of
the flanks, generally between the last rib and
the top of the hip, as a result of retroperitoneal
haemorrhage)

• Fox’s sign (discolouration below the inguinal
ligament or at the base of the penis)

• Panniculitis, reddish skin nodules and
Erythematosis (subcutaneous fat necrosis)

8.Systemic signs:
• Arthritis and Sierositis resulting from the release

of cytokines (a phenomenon which is not well
defined from a rheumatological standpoint)

• Purtscher Retinopathy (rare vasculopathy
leading to sudden blindness due to retinal
artery occlusion).

Table 1.
Symptoms and signs of acute pancreatitis.
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The main aetiopathological mechanisms involved in Acute Pancreatitis are
summarised in Figure 1 [14]. Their main cause is the obstruction, due to the presence
of gallstones, of the biliary tract or pancreatic duct (40–70% of cases). The second

Abdominal pain: 95–100%

Epigastric tenderness: 95–100%

Nausea and vomiting: 70–90%

Low-grade fever: 70–85%

Hypotension: 20–40%

Jaundice: 30%

Grey Turner/Cullen sign: <5%

Table 2.
Frequency of signs and symptoms in acute pancreatitis.

ORGAN SYSTEM score

0 1 2 3 4

respiratory (PaO2/FIO2) >400 301–400 201–300 101–200 <=101

renal (serum creatinine, mg/dL) <1.4 1.4–1.8 1.9–3.6 3.6–4.9 >4.9

cardiovascular (systolic blood pressure, mmHg) >90 <90 <90 <90 <90

Note: score ≥ 2 over a period of more than 48 hours, for any one of the three organ systems: persistent organ failure; score ≥ 2 over a
period of less than 48 hours: transient organ failure.

Table 3.
Modified Marshall system to evaluate organ failure.

Figure 1.
Main mechanisms involved in acute pancreatitis.
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most frequent cause is alcohol consumption (25–35% of cases). Other less common
causes are hyper-triglyceridemia (>1.000 mg/dL) and the presence of benign or
malign Pancreatic tumours (Table 4). The immune system appears to play an impor-
tant role in the progression of Acute Pancreatitis, since the release of pro-
inflammatory mediators during the self-digestion phase might result in Necrotizing
Pancreatitis. In this context, the small intestine barrier may become permeable to the
transit of bacteria (bacterial translocation) from the enteric lumen to the lymphatic
and blood systems, allowing Multiple Organ Dysfunction Syndrome to occur
(Figure 2) [15, 16].

1.2 General aspects of pancreatitis treatment

Acute Pancreatitis can be classified according to clinical severity (Table 5) [2].
While in cases of Mild or Moderate Acute Pancreatitis organ failure and/or pancreatic
necrosis hardly occur, in Medium-Severe cases there may be pancreas tissue necrosis
without persistent organ failure; in severe cases, the disease progression can have an
initial phase with local inflammation of the pancreas associated with a systemic
inflammatory response related to the syndrome/organ failure, and a later phase with
local complications and/or persistent organ damage. It is estimated that about 15–20%
of the patients present a Severe Pancreatitis profile with organ failure (>8 hours).
Another 20% present a Necrotizing Pancreatitis profile defined as focal areas of non-
viable pancreatic parenchyma (>3 cm in size or > 30% of the pancreas) [18].

Being this distinction among Mild, Medium and Severe Pancreatitis obviously
reductive and not always immediate, Acute Pancreatitis is diagnosed, in presence of
abdominal pain in patients with a medical history and/or familiarity for the disease, by
monitoring pancreatic health (serum amylase or lipase at least three times higher than
the highest value within the normal range). Abdominal Imaging (CT or MRI) is
generally crucial for the diagnosis (Table 6) [19, 20].

The treatment is aimed at reducing the systemic inflammatory response so as to
prevent, where possible, organ failure and systemic complications. There being no

• Gallstones

• Alchol (Ethanol)

• Trauma

• Cancer

• Endoscopic Retrograde Cholangiopancreatography (ERCP)

• Surgical (Post-operative)

• Mumps, Coxsackie or Idiopathic infections

• Autoimmune (Polyarteritis Nodosa)

• Genetic (Serine Protease Inhibitor Kajal Type 1), PRSS1 mutation (cationic trypsinogen)

• Hypertriglyceridemia, Hypercalcemia

• Hypothermia

• Drugs (Corticosteroids, Thiazides, Valproate, Azathioprine, Oestrogen, Sulfonamides, Tetracycline, 6-
Mercaptopurine, anti-HIV medications)

Table 4.
Main causes of acute pancreatitis.
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Figure 2.
Multi-organic mechanisms involved in acute pancreatitis.

Grade of Severity of Acute
Pancreatitis

Criteria of Classification

Mild No organ failure
No local or systemic complications

Medium-Severe Transient organ failure (that resolves within 48 hours)
Local or systemic complications without persistent organ
failure

Severe Persistent organ failure (>48 hours)
Local or systemic complications

Table 5.
Grading severity of acute pancreatitis according to Atlanta criteria 2012 [17].

• Transabdominal ultrasound should be performed in all patients with suspected Acute Pancreatitis;

• Hyper-triglyceridemia (>1.000 mg/dl), once ascertained, should be considered a major cause of the
disease in the absence of gallstones and/or history of alcohol consumption/abuse;

• A neoplastic origin should always be considered in patients aged over 40 years;

• Patients with Idiopathic Pancreatitis should be re-evaluated over time and possibly sent to specialised
centres;

• Genetic testing should be considered in young patients (<30 years) if there is no obvious cause or,
conversely, if there is familiarity for pancreatic diseases.

Table 6.
Diagnostic aspects in patients with pancreatitis.
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specific pharmacological treatment to this date, hydro-electrolyte re-balancing, use of
analgesics, antibiotics and management of metabolic complications (hyperglycemia
and hypocalcemia) are at the core of today’s treatment.

Overall, Mild Acute Pancreatitis should be treated with fluids, analgesics and
antibiotics for a few days only in presence of infectious complications (never for
prophylactic purposes), whereas Severe Acute Pancreatitis requires an
accurate inspection, since patients must undergo surgical removal of gallstones,
re-activation of the bilious-pancreatic ducts and, in rare cases, elimination of the
necrotic tissue through partial or total removal of the the pancreas and/or attached
organs [21].

1.3 Evaluation of the nutritional status

Maximum catabolism with negative nitrogen balance is not uncommon, especially
in the most severe cases of Acute Pancreatitis [22, 23]. The resulting high increase in
calorie (Resting Energy Expenditure) and protein need might rapidly lead, if not
promptly managed, to malnutrition (Figure 3) [24]. Malnutrition, being associated
with severe weight loss, lean body mass loss and decreased functional capacity due to
sarcopenia, is likely to affect quality of life and clinical outcomes [25]. Possibly asthe-
nia and/or loss of appetite, leading to reduced calorie-protein intake, contribute to
weight loss, hence to malabsorption and maldigestion. In case of sudden weight loss
(10% of habitual weight in about 3–6 months), malnutrition might pair with the main
disease, leading to acute or chronic complications which may worsen the patient’s
prognosis (Table 7).

Therefore, the aetiology of malnutrition is heterogeneous and may depend on
the severity of the disease, the patient’s ability to eat food and the catabolic state.
Old age and immobilisation may contribute to raise the risk of malnutrition
(Figure 4) [26]. Full-blown malnutrition becomes a disease which adds up to the
underlying disease. Patients with Acute Pancreatitis should be considered at high
risk of malnutrition.

To confirm this, literature shows that about 30% of patients with Acute Pancrea-
titis are malnourished and that they do not receive adequate nutritional support,
which makes accurate Nutritional Screenings such as the Nutritional Risk Screening
2002 (NRS-2002) necessary in order to objectively evaluate the risk of hypo/malnu-
trition. Table 8 shows some of the most employed Screening Tools.

Figure 3.
Relationship between energy intake and expenditure (see text).
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The employment of a Screening Tool permits to immediately evaluate the nutri-
tional status and to monitor the progression of the disease. Unfortunately, these tools
are scarcely used and patients’ nutritional treatment is not adequate.

Short-term consequences Long-term consequences

• Weight reduction with muscle and fat loss • Decreased long-term survival

• Biochemical disorders (anaemia and
hypoalbuminaemia)

• Risk of secondary tumours

• Late bone marrow recovery • Higher mortality

• Changes in body composition • Alteration of bone density and/or osteoporosis

• Immunodepression and slow wound healing • Decreased life quality and productivity

• Increased susceptibility to infections • Higher levels of psychological discomfort

• Longer hospitalisation stay and higher
re-hospitalisation frequency

• Increased healthcare costs

• Decreased tolerance to chemotherapy

• Adverse response to chemo-radio therapy

• Delayed chemo-radio therapy

Table 7.
Consequences of malnutrition.

Figure 4.
A schematic overview of the different types of malnutrition.

Screening • Malnutrition Screening Tool (MST).
• Malnutrition Universal Screening Tool (MUST).
• Nutritional Risk Index (NRI).
• Nutrition Risk in Critically Ill (NUTRIC) score.

Diagnostic
Assessment

• Subjective Global Assessment (SGA).
• Patient Generated Subjective Global Assessment (PS-SGA).
• Mini Nutritional Assessment (MNA).
• AND (Academy of Nutrition and Dietetics)-ASPEN (American Society for

Parenteral and Enteral Nutrition) Malnutrition Consensus Criteria (MCC).
• Global Leadership Initiative on Malnutrition (GLIM).

Table 8.
Malnutrition screening and diagnostic assessment tools (used in the USA, Australia, New Zealand, Canada and
Europe).
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1.4 Nutritional treatment of acute pancreatitis

Acute Pancreatitis is traditionally treated with the suspension of food intake via
mouth in order to rest the pancreas. This indication is suggested until pain is resolved
or until the normalisation of the flogoses indices and/or until the pancreatic enzymes
fall within acceptable normal values. However, the nutritional treatment should be
planned and monitored over time, and it should include: (1) accurate evaluation of the
severity of the disease; (2) proper assessment of the nutritional state; (3) correct
identification of the patients with special nutritional needs. As shown in the previous
paragraphs, Acute Pancreatitis may present itself very differently in clinic, thus
requiring differentiated nutritional approaches.

1.4.1 Energy and protein need in acute pancreatitis

The Resting Energy Expenditure (REE) in patients with Acute Pancreatitis
depends on the severity of the disease. In the most severe cases it is highly increased,
thus entailing a high mortality risk linked to increased catabolism. In patients with
septic complications the REE may be increased by decreased splanchnic blood flow,
acidosis and bacterial translocation, as a result of which the REE assessed via indirect
calorimetry (REEm) may exceed up to 110–150% of the energy expenditure theoret-
ically calculated using Harris-Benedict (REEc) formulas. A realistic evaluation at the
patient’s bed should assess the energy expenditure by means of REEc multiplied by a
constant of 1,3 or 1,5, depending on the clinical severity. As a result of this huge
energy consumption, skeletal muscle proteolysis might increase up to 80% with
nitrogen losses of 20–40 g per day, hence requiring the energy and the protein need to
be estimated around, respectively, 25 kcal/kg/die and 1,2–1,5 g/kg/die [24, 27, 28].

1.4.2 Oral vs. artificial nutrition in moderate acute pancreatitis

Oral feeding is recommended when abdominal pain, nausea and vomiting have
disappeared and, according to some authors, food intake may also take place regard-
less of serum lipase concentrations [29]. In this context the ideal diet includes a
gradual intake of solid food and calories. Traditional diets with clear liquids and low
fats (< 30% of total energy intake) have proved completely ineffective if not wors-
ening in terms of malnutrition [30]. Early oral feeding (within 24–48 hours) should be
administered also to patients undergoing minimally invasive necrosectomy, as long as
haemodynamically stable, in the absence of septic complications and with normal
gastro-enteric function. The use of Oral Nutritional Supplements (ONS) aimed at
increasing the caloric-protein content is also recommended for these patients [31].

Being a negative prognostic factor of the disease, hyperlipaemia should be treated
early with low-fat diets or, in the most severe cases, with hypolipidaemic drugs
including insulin, heparin and plasmapheresis if necessary (Figure 5). Careful
management of hyperglyceridemia appears to reduce the risk of acute pancreatitis
recurrence.

Oral Nutrition has not proved less effective than Enteral Nutrition (EN) in
preventing infection or death in these patients. Instead, Table 9 shows a list of the
cases in which EN after placement of nose-gastric probe is recommended.

Despite there being few data comparing it to Oral Nutrition, EN is very likely to
improve these patients’ prognosis, as we will see later. It should therefore be suggested
early even when the development of Pancreatitis is initially uncertain (Table 10) [32].
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Figure 5.
Overview of management of hypertriglyceridemia.

• if Oral Nutrition is is not feasible within 24–72 hours;

• if caloric intake (also by support of Oral Supplements) does not cover at least 75% of the caloric-protein
need, calculated on current weight;

• if a patient reports a rapid weight loss in the last few months (10% in the last 3–6 months);

• if Nutritional Screening strongly suggests malnutrition risk (e.g. alcohol-addicts or elderly)

• if BMI upon admission is <19 kg/m2, regardless of the clinical presentation;

• if mild painful symptoms, with nausea or vomiting, persist for a few days.

Table 9.
Indications for the use of EN during acute pancreatitis.

Nutrition Route Pros Cons

Oral • No procedures or devices
required

• Nutrition regimen/caloric intake
more easily adjustable

• Easier transition to home
regimen

• Increased risk of worsening Pancreatitis
• Increased risk of morbidity/mortality
• Wider range of variation in caloric

intake day to day
• Difficult to ensure adequate intake at

home

Nasogastric (NG) • Easy bedside access
• No need for enteral pump
• Permits higher feeding rates and

bolus feeds

• Possible increased risk of pancreatic
stimulation and worsening Pancreatitis

• Nasal necrosis or sinusitis
• Not suitable in patients with gastric

outlet obstruction and/or need for
gastric venting
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1.4.3 Artificial nutrition in severe acute pancreatitis

Being the risk of malnutrition in Severe Acute Pancreatitis particularly worrying,
Parenteral Nutrition (PN) has been widely considered a first choice therapy in the past,
aimed at providing such a caloric-protein intake able to maintain lean mass without
stimulating the pancreas [33, 34]. However, more recent data show that PN is associated
with higher risk of infections (especially from the venous catheter), besides triggering
electrolyte imbalance, leading to – or aggravating – Pancreatitis-induced hyperglycaemia
and increasing the risk of multi-organ dysfunction. Since PN administration does not
involve enteric transit, the intestinal mucosa is at risk of atrophy, with consequent
reduction of its barrier function, especially in the small intestine, thus leading to bacte-
rial translocation [35]. All these phenomena may worsen the clinical picture.

Given these considerations, EN through nose-gastric probe should be carried out
early (within 24–72 hours) in haemodynamically stable patients who do not tolerate
Oral Nutrition, so as to protect the intestinal mucosa, prevent the proliferation of
bacteria and stimulate bowel motility (Figure 6) [36, 37]. Many studies and meta-
analyses show that EN significantly decreases the rate of infection (with lower levels
of cytotoxic CD4 T lymphocytes and C-reactive protein), the risk of multi-organ
failure, the necessity for operation and the mortality, compared to PN. Gastric EN
does not lead to higher incidence of complications (such as diarrhoea, abdominal
distension or increased pain), although the indication to use anti-secretory agents
(somatostatin, octreotide) so as to reduce the nutrients-induced secretory action of
the pancreas remains questioned.

Nutrition Route Pros Cons

Nasojejunal (NJ) • Potentially reduced risk of
aspiration

• Permits enteral access beyond
points of duodenal compression
from inflamed pancreas

• Possibly reduced risk of
pancreatic stimulation

• Post pyloric placement may be difficult
• Requires pump for feeding
• Bolus feeding not possible
• Increased risk of tube clogging/

dislodgement
• Nasal necrosis or sinusitis
• May migrate back into stomach

Percutaneous
Gastrostomy with
Jejunal Extension
(PEG-J)

• Durable enteral access
• No risk of nasopharyngeal injury
• Permits gastric venting in outlet

obstruction
• May be placed endoscopically,

radiologically, surgically

• Risk associated with tube placement
(bleeding, infection, perforation)

• Peristomal tube leak, bleeding, infection
• Relatively contra-indicated in patients

with ascites, bleeding diatheses or poor
window for PEG placement

• J-arm may migrate back into stomach

Parenteral Nutrition
(PN)

• Direct Nutrition that bypasses
need for luminal absorption

• Can be used for patients with
bowel obstruction or perforation

• Can be used for patients with
intractable nausea and vomiting

• Requires peripheral/central venous
access

• Increased risk for line related infections
and DVT vein thrombosis

• Increased risk of mucosal barrier
dysfunction with resultant bacterial
translocation/infection

• Increased morbidity/mortality
compared with EN

• Increase risk of hyperglycaemia

Table 10.
Pros and cons on nutrition route in severe acute pancreatitis.
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In cases where the enteric function appears uncertain, it is recommendable not to
infuse nutrients, but only a 5% low-speed glucosate solution (10–20 ml/hour for
24 hours) through the standard gastric-nose probe. The evaluation of the gastric
stagnation or the distension of the loops, in addition to the use of instrumental
techniques, will permit to assess the state of the enteric transit. The use of a
nasojejunal probe (NJ) is recommended in patients with gastroparesis, gastric
obstruction due to oedema or pancreatic pseudocyst. Since the tip of this probe, which
is indicated also in case of significant regurgitation, ideally overcomes the Treitz
ligament, its insertion may prove difficult, often requiring repeated positioning by
endoscopy and resulting in frequent spontaneous displacement. In Severe Necrotizing
Pancreatitis or in Nasopharyngeal Disorder precluding NJ placement, some scholars
suggest the placement of a percutaneous gastrostomy tube with jejunal extension
(PEG-J) in case of EN lasting over 4–6 weeks. These invasive techniques should be
used only with complicated patients in whom the prognosis appears to be severely
impaired. Finally, jejunostomy should be performed in patients undergoing surgery
(Table 11) [38].

A possible side effect of EN is the increased Intra-Abdominal Pressure (IAP), due
to which the use of boluses is never recommended, especially in case the patient is
feverish or reports nausea or vomiting. On the contrary, a low flow of nutrients
(20 ml/hour to be increased very slowly depending on the patient’s tolerance) can
guarantee, especially in the early stages, a progressive normalisation of the intestinal
function.

In the most severe cases, measurement of Pulmonary Pressure is recommended.
When it reaches or exceeds 15 mmhg, EN should be administered with caution. In

Figure 6.
Route of nutrition treatment in acute pancreatitis.
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patients with pressures above 15 mmhg, in which a picture of abdominal hypertension
is possible (e.g. no peristalsis, abdominal distension, elevated gastric stagnation, etc.),
the development of a picture of Abdominal Compartment Syndrome (ACS) should
never be excluded [39]. In this context, the use of a nasojejunal tube for EN should be
preferred, although the transition to NP should always be considered. In case of IAP
with pressure higher than 20 mmhg, the use of EN should be interrupted for precau-
tionary purposes. Clinical data are reported where early EN was possible in about 30%
of cases with excellent clinical results (e.g. open abdomen with rapid fascial closure,
low rates of fistulation, reduction of nosocomial infections and lower hospital costs),
as long as the medical staff is highly skilled in managing minimal complications and
able to monitor and manage the metabolic aspects of the disease. In summary, when
nutritional objectives are not attainable with EN alone, a partial or total PN should be
ensured especially in hyper-catabolic patients, patients with negative nitrogen bal-
ance, patients whose gastro-enteric tract is not usable, or for whom a surgical decom-
pression (open abdomen) is required. In these cases the additional use of glutamine
(0.20 g/kg/day) appears to increase albuminaemia, decrease C-reactive protein,
reduce the frequency of infections and the risk of death [40].

The use of NP should also be recommended in patients with chylous ascites not
responding to a fat-free diet nor to an elemental EN diet.

1.4.4 Enteral nutrition formulations

In patients with AP, a standard polymeric diet shall be used, although some studies
express concern about the possibility for these nutritional formulations to induce
insufficiency of exocrine pancreas (manifesting with alteration of faecal elastase and
faecal fat) especially in cases of Alcoholic or Necrotizing Pancreatitis. However, poly-
meric diets should always be the first choice [41]. Feeding with semi-elemental diet
should be performed only if persistent steatorrhea appears and absence of
clostridium-difficile infection can be proved. In case of steatorrhea the use of pancre-
atic enzymes should be considered. The use of semi-elemental or elemental products is
appropriate in cases where, despite the severity of the clinical picture (e.g. necrotizing
pancreatitis), total or partial EN is possible [42]. The enteral formulations should be
chosen according to the doses of faecal elastase. Despite there being several different
techniques, EN in patients with Acute Pancreatitis is mostly performed with nasogas-
tric probe.

Management of severe
Pancreatitis

Nutritional Recommendations

Enteral vs. Parenteral Nutrition
Timing of feeding
Gastric vs. jejunual route
Oral food composition
Enteral formula
Enteral infusion
Probiotics use

Enteral preferred
Enteral feeding within 48 hours
No difference
No difference were observed using normal fat, low-fat, soft diet with
liquid or solid
No benefit of semi-elemental or elemental formula vs. polymeric
formula
Continuous low-flow feeding (no bolus)
Not recommended

Table 11.
Overall nutritional recommendations for severe acute pancreatitis.
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2. Chronic pancreatitis

2.1 Causes and symptoms of chronic pancreatitis

Chronic Pancreatitis is a fibroinflammatory syndrome of the pancreatic gland
histologically characterised by irreversible morphological changes. The evolution
towards a picture of Chronic Pancreatitis usually occurs due to recurring episodes of
Acute Pancreatitis with permanent organ damage [43, 44]. The use of alcohol and
tobacco, as well as the chronic presence of hypercalcaemia and the use of certain
drugs, may contribute to the progression of the disease (Table 12) [46–49]. Recent
studies show the persistence of a chronic inflammation process also in Chronic Pan-
creatitis (with the involvement of: interleukins 4, 6, 8, 10, 12; tumour necrosis factor

Class Examples

Toxin-metabolic Alcohol

Tobacco smoking

Hypercalcemia

Hyperlipidemia

Chronic renal failure

Medications

Toxins

Idiopathic Early onset (slower development of calcification and exocrine and
endocrine insufficiency)

Late onset (faster development of calcification and exocrine and
endocrine insufficiency)

Tropical calcific pancreatitis

Anatomical obstruction Pancreatic divisum

Post irradiation

Autoimmune Autoimmune pancreatitis

Recurrent and severe acute
pancreatitis

Recurrent acute pancreatitis

Genetic pancreatitis PRSS1 mutation

PRSS2 mutation

CFTR mutation

SPINK 1 mutation

CTRC mutation

Cationic trypsinogen mutation

α-1 antitrypsin deficiency

CFTR, cystic fibrosis transmembrane conductance regulator; CTRC, chymotrypsin C; PRSS1, serine protease 1; PRSS2,
serine protease 2; SPINK 1, serine peptidase inhibitor, Kazal type 1; TIGAR-O,Toxic-metabolic, idiopathic, genetic,
autoimmune, recurrent, obstructive.

Table 12.
Causes of chronic pancreatitis by TIGAR-O classification (LIST 1 - version 2001) [45]).
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[TNF-alfa]; transforming growth factor [TGF-beta]; interferon [IFN-gamma]; mac-
rophage activity; etc.) able to increase the REE [50–52].

The prevailing symptom in over 80% of patients is epigastric pain radiating
towards the column or the left upper quadrant of the abdomen [53, 54]. The pain is
often postprandial and is accompanied by nausea, vomiting, diarrhoea with or with-
out oily appearance, malodorous faeces and weight loss. However, symptoms may
vary and pain might be absent in case the degenerative process affects the nerve
endings. On the contrary, persisting pain might manifest in presence of the worst
complications of chronic pancreatitis such as fibrosis, diabetes or tumours. A major
symptom of this disease is postprandial pain, which induces a progressive reduction of
the caloric-protein intake, thus leading to malnutrition, and in severe cases must be
treated with opiates. Weight loss could therefore be the combined result of a progres-
sive reduction in food intake and the increase in energy expenditure induced by
chronic inflammation. Less frequent causes of chronic pancreatitis are those associ-
ated with auto-immune pathologies such as coeliac disease or inflammatory bowel
diseases where, however, pain may be absent or masked by intestinal inflammation.
In these patients, genetic predisposition to Pancreatitis may be proved, for example,
by the presence of variants of the CFTR gene responsible for cystic fibrosis, the Serine
Peptidase Inhibitor Kazal Type 1 gene (SPINK1), the Serine Protease 1 gene (PRSS1)
and other genes still under study [55].

Another relevant clinical aspect is the delayed gastric emptying, perceived by a
high percentage of patients. The causes of this symptom are not clear, especially in
patients not undergoing surgery or not taking opioids. In patients undergoing surgery
this symptom is believed to be secondary to the resection of the vagus nerve or part of
the duodenum [56].

2.2 Treatment overview

The treatment of Chronic Pancreatitis is based on pain control and management of
complications. In Chronic Pancreatitis, as well as in Acute Pancreatitis, it is useful to
divide the clinical picture into at least three stages: a) clinical picture without compli-
cations, caused by recurring episodes of Acute Pancreatitis; b) presence of pain and
local complications (pancreatic pseudocysts, calcifications and minimal involvement
of adjacent organs); c) end-stage with insufficiency of exocrine and/or endocrine
function (Table 13).

Typically, these patients will need to implement the enzyme replacement therapy
and be gastro-protected with proton pump inhibitors to reduce the denaturation of

AETIOLOGY MECHANISM

Chronic Pancreatitis, cystic fibrosis,
diabetes

Altered lipase production or destruction

Pancreatic cancer Pancreatic duct obstruction

Coeliac disease, Crohn’s disease,
Shwachman–Diamond syndrome

Decreased endogenous lipase stimulation and production

Gastrectomy, gastric by-pass, extensive
small bowel resection

Motility disorders (interaction with chyme, decrease
stimulation of pancreatic enzymes)

Table 13.
Causes of pancreatic dysfunction.
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pancreatic lipase by stomach acid. The nutritional intervention, which is accompanied
by hydro-electrolyte rebalancing, has proved effective not only in the prevention and
treatment of malnutrition, but also in reducing the systemic inflammatory process,
with reduced complications and improved prognosis of the disease.

2.3 Treatment of the endocrine insufficiency

Over 50% of patients with Chronic Pancreatitis develop Diabetes Mellitus due to
mass loss of beta-cells, although Endocrine Insufficiency, which manifests in Chronic
Pancreatitis, may have a double aetiology: on the one hand it is secondary to a reduced
production of insulin, on the other it could depend on insulin resistance
(Pancreatogenic Diabetes, or type 3 Diabetes) [57]. The diagnosis of Diabetes is obvi-
ously carried out with the same techniques used in the other types of Diabetes (fasting
blood sugar dosage, load curve, C-peptide, dosage of glycosylated haemoglobin). How-
ever, the differential diagnosis is carried out by assessing the severity of the pancreatic
picture and the the absence of antibodies associated with type 1 diabetes, as well as by
detecting pancreatic disease via Imaging. The evaluation of the beta cell reserve func-
tion, attained by dosing a fasting C-peptide, is crucial in choosing the best drug. The
treatment of patients with Pancreatogenic Diabetes could be more complex than those
with type 2 Diabetes due to the concomitant presence of malabsorption, impaired
secretion of counter-regulatory hormones and potential lack of compliance in the case
of alchol-induced Pancreatopathy. Furthermore, the use of many antidiabetic agents is
often contraindicated. There are not randomised clinical trials on hypoglycaemic treat-
ment for diabetes associated with pancreatic disease. In case of preserved beta cell
function, metformin is the first choice treatment. Side effects as nausea, weight loss,
diarrhoea or the increased risk of lactic acidosis should be carefully assessed and met-
formin stopped if present. The use of DPP4-inhibitors or GLP1-receptor agonists is not
recommended due to the reportedly increased risk of worsening the pancreatic disease.

The use of sulfonylureas as a front-line therapy is not recommended due to both the
increased risk of hypoglycaemia and the dependence of intact islet cell function. Also
the use of thiazolidinediones is discouraged because of their side effects (weight gain,
fluid retention) and their role in increasing the risk of osteoporosis, especially in
patients with calcium malabsorption. Given the progressive impairment of insulin
secretion, insulin therapy with rapid and basal analogues is frequently required. Insulin
therapy should be initiated without delay in case of: symptomatic hyperglycaemia
(>180 mg/dl), catabolic state secondary to uncontrolled diabetes, history of diabetic
keto-acidosis, hospitalisation for uncontrolled diabetes. Special attention must be paid
to the management of hypoglycaemia and the gradual adjustment of insulin dose, as
these patients are more likely to be insulin sensitive and to present a loss of counter
regulatory hormones. Other important factors are hepatic glycogen storage deficit,
carbohydrate malabsorption and malnutrition, inconsistent eating patterns due to pain
or nausea, and possibly underlying alcoholic liver disease and enhanced peripheral
insulin sensitivity. Diabetic education or glucose self-monitoring and glucagon
utilisation should be provided to all patients. A valid alternative to capillary glycaemic
control is the use of continuous or flash glucose monitoring. There are currently no
studies available comparing glycaemic control in patients with pancreatic disease using
self glucose blood monitoring and flash/continuous glucose monitoring. Lifestyle mod-
ifications, such as stopping smoking and drinking alcohol, are essential to reduce the
risk of recurrence, since alcohol and tobacco smoking contribute to keeping the inflam-
matory process high, thus favouring the risk of pancreatic cancer and diabetes [58].
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2.4 Nutritional assessment in chronic pancreatitis

A reduced exocrine function, especially if under-diagnosed, may on its own induce a
state of hypo- or malnutrition, possibly secondary to a malabsorption of macro and
micro-nutrients [59]. It is estimated that a picture of pancreatic dysfunction develops in
about ten years in patients with potus and in about 20 years in those with idiopathic
aetiology and that it is extremely frequent in people with autoimmune diseases. Enteric
symptoms (malabsorption, bloating, diarrhoea, steatorrhea, weight loss, abdominal dis-
comfort) are usually present when enzymatic secretion is 10% lower than normal. Since
this situation is mainly linked to inadequate lipid digestion, it may result in a malab-
sorption of fat-soluble vitamins (vit. A: 1–16% of cases; vit. D: 33–87%; vit. E: 2–27%; vit.
K: 13–63%), with loss of micro-nutrients and reduction of circulating lipoproteins
(Table 14) [60]. In Severe Chronic Pancreatitis, the use of parenteral fat-soluble vita-
mins is absolutely indicated. Much less frequent is the lack of hydro-soluble vitamins
with the exception of thiamine (vit. B1), which is often deficient in alcoholics. A short-
age of zinc, copper and selenium has also been observed in patients who do not consume
alcohol, so the use of specific supplements is recommended by a number of scholars.

The state of chronic inflammation, also variably present in Chronic Pancreatitis,
can interfere with the protein synthesis and catabolism by the body. Insufficient levels
of pancreatic protease may lead to protein malnutrition and be a cause of vitamin B12
deficiency. The absorption of vitamin D, calcium and folic acid, whose deficiency
causes significant changes in the clinical picture, requires a separate discussion. In
fact, a picture of osteopathy (osteoporosis, osteomalacia, osteopenia) is present in
about a quarter of patients with Chronic Pancreatitis. Vitamin D deficiency, which is
often underestimated, may present itself with not clearly defined bone pain and may
trigger other diseases (Table 15) [61]. However, hyper-secretion of the parathyroid
hormone (PTH) may be one of the first signs of vitamin D deficiency. Densitometric
studies (dual-energy x-ray absorptiometry) should always be implemented to prevent
or monitor any skeletal damage. Exocrine pancreas dysfunction requires a change in
lifestyle (e.g. no smoking, no alcohol) and the intake of pancreatic enzymes during
meals in order to reduce the effects of malabsorption-induced malnutrition. A
supplementation of protein or macro-nutrients should be recommended particularly
to patients who reduce their food intake or undertake unbalanced low-calorie and
low-protein diets because of pain or fear of pain. Early enzymatic and vitamin
supplementation should be associated with careful clinical evaluation over time.

VITAMIN SOURCES MAIN FUNCTIONS DEFICIENCY

A (retinol) fish liver oil, milk, cheese,
eggs, carrots, apricots,
broad-leaved vegetables

Precursor of rhodopsin,
protective antitumoural action

Visual impairment,
increased cancer
incidence

D
(cholecalciferol)

fish liver oil, eggs, milk,
oily fish

Regulation of the metabolism
of calcium

Rickets in children,
osteomalacia in adults

E (tocopherol) broad-leaved vegetables,
oily seeds and fruits, liver,
eggs, dairy products

Lipid protection from
oxidation (antioxidant effect),
anticancer, anti-sclerotic,
additive

Accumulation of lipid
peroxides, anaemia,
chronic-degenerative
diseases

K Intestinal flora, vegetables Prothrombin activation,
calcium metabolism

Haemorrhages

Table 14.
Dietary sources and functions of fat-soluble vitamins.
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Figure 7 summarises the essential components of an adequate nutritional assessment
[62]. If malnutrition develops, the symptoms described in Table 5, often blurred, or
simply vitamin deficiency signs may be present. Although sarcopenia has been poorly
studied in patients with Chronic Pancreatitis, it may, as in neoplastic patients, increase
the risk of complications and hospitalisation. An accurate nutritional assessment is
therefore always appropriate in patients with Chronic Pancreatitis.

2.5 Nutritional requirements in chronic pancreatitis

2.5.1 Oral nutrition

Low-fat oral diets are widely used in clinical practice especially for the purpose of
reducing postprandial abdominal pain. However, these diets, in addition to being
poorly accepted by patients, can induce a state of malnutrition [63]. In fact, it is
estimated that a patient with Chronic Pancreatitis has a REE 30–50% higher than
healthy patients. As an indication, diets with high energy (35 kcal/kg/24 hours), high

APPARATE DISEASE

Neuropsychiatric diseases Schizophrenia
Major depressive disorders
Neurodegenerative disorders

Infections Respiratory infections
Covid-19
Sepsis
Tuberculosis

Vascular diseases Hypertension
Cardiovascular diseases

Muscular diseases Muscle pain
Proximal muscle weakness

Bone diseases Osteoporosis
Osteomalacia
Osteopenia
Osteoarthritis

Skin diseases Epidermolytic ichthyosis
Autosomal recessive congenital ichthyosis

Allergic diseases Asthma
Wheezing diseases
Urticaria
Atopic dermatitis

Autoimmune diseases Type 1 diabetes
Rheumatoid arthritis
Inflammatory bowel diseases
Multiple sclerosis
Psoriasis
Vitiligo

Cancer Breast
Colon
Prostate

Table 15.
Diseases secondary to vitamin D deficiency.
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protein (1.0 to 1.5 g/kg/24 hours), rich in carbohydrates, and with moderate amounts
of fat (0.7 to 1.0 g/kg/24 hours) should be recommended. Low-fat diets are discour-
aged by a number of scholars, since they may reduce steatorrhea, thus masking the
onset of fat malabsorption, induce a weight loss due to insufficient caloric intake and
cause deficiencies in fat-soluble vitamins. Fats should be limited if it is not possible to
control steatorrhea (generally associated with flatulence, bloating, dyspepsia, urgency
to pass stools, cramping, abdominal pain) with proper oral Pancreatic Enzyme
Replacement Therapy (PERT). Typically, 500 units/lipase/kg are recommended for
each meal and adapted to the symptoms or the type of diet recommended for the
patient. The dose can be doubled or even tripled but should never exceed
10,000 units/kg/day or 4000 units/g of fat per day [64].

In some circumstances (i.e: mixture of enzymes with meal; gastric emptying with
meal; rapid release of enzymes in duodenum by chyme and bile acids) enzymatic
supplementation appears scarcely effective, so it is necessary to accurately educate
patients to use these products according to the quality of food intake, to its rate of
intake, to its distribution and time of consumption. Benefits have also been observed
by combining these therapies with antagonist H2 drugs or Proton pump inhibitor to
prevent enzymatic degradation [65, 66]. To counteract the patient’s weight loss, a
supplementation of medium-chain triglycerides (MCT) that are absorbed in the
absence of lipases, co-lipases, and bile salts is also suggested in combination with
increased caloric intake. However, their use is limited by their poor palatability and
the possibility of prescribing them up to a maximum of 50 g/day. Higher dosages may
induce ketogenesis and intestinal disorders (cramps, nausea, diarrhoea). MCTs are
found in coconut oils or in the form of oral supplements. In Chronic Pancreatitis
carbohydrates and proteins should not be limited. Only in case of Diabetes should the
proportion of carbohydrates, which will be balanced according to the hypoglycaemic

Figure 7.
Nutritional assessment in chronic pancreatitis.
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therapy, be evaluated. A number of scholars recommend high-calorie and high-
protein diets, divided into five or six small meals throughout the day, and discourage
diets very rich in fibres, being fibres able to absorb or block the action of pancreatic
lipase, thus modifying the absorption of nutrients, due to a still poorly known mech-
anism. Pancreatic enzymes are thought to be possibly absorbed or trapped by fibres
and be inactivated by anti-nutrient compounds present in some foods (i.e.: aponins,
trypsin end lectins in soybeans; lectins and trypsin inhibitors in legumes; polyphenols
in extracts of citrus fruits, Grape seeds, tea, peanut shells and apples). Finally, it is
worth remembering that in about 10% of patients the use of caloric-protein supple-
mentation by means of oral nutritional supplements enriched with micro-nutrients
and vitamins in order to prevent a significant weight loss is recommended before
considering artificial nutrition treatment of enteral or parenteral type. In patients with
hyperglycaemia, the treatment is similar to that described for Acute Pancreatitis. In
case of preserved beta cell function, metformin is the first choice treatment also in
Chronic Pancreatitis. Given the higher risk of pancreatic tumour in patients with
Chronic Pancreatitis and Diabetes, the choice of metformin is further supported by its
anti-neoplastic effect. Data on SGLT2-inhibitors use in Chronic Pancreatitis are still
controversial; since this class of drugs could increase the risk of euglycaemic
ketoacidosis in insulin-deficient patients and induce catabolic effects and
dehydratation, it should be used with caution.

2.5.2 Enteral nutrition or parenteral nutrition

It is estimated that 5% of patients must regularly undergo EN to prevent or reduce
malnutrition [67]. The indications for acute pancreatitis summarised in the Table 9
also apply to Chronic Pancreatitis. Fibres should similarly be reduced to avoid inter-
ference with pancreatic enzymes.

Finally, it is estimated that only 1% of patients with Chronic Pancreatitis undergo
Parenteral Nutritional treatment. Usually this treatment is reserved to patients with
stenotic complications or enteric fistulas waiting for surgery.
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Abstract

Acute pancreatitis (AP) is a frequent abdominal acute inflammatory disorder and 
the leading cause of hospital admissions in gastrointestinal units. Clinical manifesta-
tions of AP vary from a mild edematous form to severe fulminant pancreatitis with 
major devastating complications. To date, experimental therapeutic agents remain 
scarce for the treatment of this disease. Nutritional therapy with appropriate nutri-
ent supplementation is key to limiting the acute inflammation and preventing and 
managing complications associated with AP. This chapter focuses on novel therapeu-
tic agents for nutritional intervention including enteral versus parenteral nutrition 
strategies, and nutritional supplements such as probiotics, glutamine, omega-3 fatty 
acids, and vitamins in the treatment of AP.

Keywords: nutritional support, nutritional supplements, acute pancreatitis, 
antioxidants, nutritional therapy

1. Introduction

Acute pancreatitis (AP) is defined by an inflammation of the pancreas, where 
several organs and other systems are involved with a potential immune response in a 
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severe course [1] with a consecutive augmented release of hydrolytic enzymes, cyto-
kines, and toxins, which may result in failure of several systems. Hypermetabolism 
is observed with a negative nitrogen balance and also augmented metabolism [2–6]. 
Global incidence of AP ranges from 13 to 45 cases per 100,000 population with a 
global estimate of 33.74 cases per 100,000 population, causing an uneven burden 
across the globe. Gallstones (40%–70%) and alcohol (25%–35%) are two of the most 
common etiologies [7–10]. AP occurs frequently with a mild clinical course. However, 
when necrotizing pancreatitis is observed, mortality rises up to 15% of cases [11]. 
When infection of pancreatic necrosis is present, organ failure or both, mortality rises 
to 30% [12]. Also, severe pancreatitis can cause sustained hyperglycemia, produc-
ing diabetes [13, 14]. Interventions (i.e., surgical, endoscopic, and radiological) are 
frequently used in some patients with AP [15], requiring nutritional support [6].

Clinical therapy in AP differs according to the severity of the disease. Therefore, 
adequate identification of patients with mild, moderate, or severe AP (SAP), who 
need nutritional support, is of great importance. Atlanta classification authors 
defined and stratified the severity of AP [16]: Mild AP is described with absence 
of organ failure or local complications; moderate-severe AP with transient organ 
failure and/or local complications; and SAP when persistent organ failure is 
observed with more than 48 hours, which usually have an ominous prognosis [16]. 
The first step of the clinical approach of AP consists of close monitoring of vital 
signs, general support with vigorous fluid resuscitation, pain relief, nutrition, 
correction of metabolic disorders, identification of complications, and prevention 
of recurrence [17]. Most of the patients have a mild course of the disease with good 
prognosis in most cases, but near 15% of cases develop complications (local and 
systemic). Local complications are mainly pancreatic pseudocyst, acute necrotic 
collection, acute peripancreatic fluid collection, and walled-off necrosis; systemic 
complications are defined as multi-organ failure or as an exacerbation of a pre-
existing condition [18]. A mean of 15–20% of AP patients will course a severe form 
of the disease, but mortality is present in only 2–3% of patients because of compli-
cations [19, 20].

2. Nutritional support in clinical AP

2.1 Overview

Nutritional therapy and nutritional supplements have great advantages in 
maintaining the integrity of intestinal barrier, providing major immunomodulatory 
and antioxidant effects, but more importantly restoring energy balance [21]. The 
main benefit of nutritional support lies in its immunologic effect, including main-
tenance of normal intestinal mobility and IgA production, prevention of bacterial 
overgrowth and infection, diminished bacterial translocation, promoting adequate 
intestinal permeability [22], decreasing the inflammatory response [22–24], and 
disease severity, and also promoting a better resolution of the disease process 
(i.e., duration of systemic inflammation, hospital length of stay) [23, 25]. Clinical 
evidence suggests that dietary antioxidants and supplements have the potential 
in protecting against the augmented inflammatory response of the pancreas and 
oxidative stress during the initial phase of AP. This includes the use of glutamine, 
antioxidants, probiotics, omega-3 fatty acids, as well as different formulations of 
enteral and parenteral nutrition [21, 26–28].
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2.2 Metabolic response to acute pancreatitis

2.2.1 Inflammation

Nutritional status during AP is affected by several factors, more importantly in 
the inflammation cascade. It is fed with increased secretion of tumor necrosis factor 
(TNF) secondary to hypotension, ischemia, endotoxin, hypoxemia, and reperfusion. 
Nitric oxide synthesis also increased activating the arachidonic acid pathway and 
inducing the activation of cyclooxygenase (COX). TNF and interleukin (IL) 1 are syn-
ergistic, leading to augmented neutrophil activation and permeability [29]. IL-1 also 
increases T-cell and macrophage activation, fever, and COX and nitric oxide synthase 
production [29]. IL-8 is an endogenous chemoattractant, present for a longer period, 
and is notably proinflammatory. IL-6 is frequently used as a biomarker of severity 
of the inflammatory response. It has both proinflammatory and anti-inflammatory 
activities [29]. However, the intestinal epithelial barrier is the first line of defense 
during AP and carries out the production of immunoglobulin A (IgA). Ap is also 
characterized by causing weakening of this defense system because of increased capil-
lary leakage and decreased activity of tight junctions in preserving the integrity of 
intestinal barrier secondary to inflammatory mediators. When the intestinal barrier 
is compromised, intestinal bacteria can penetrate the bloodstream. Invading microor-
ganisms are recognized in minutes by multiple components of innate immunity [29]. 
Peak inflammatory cytokine production is observed 24–36 hours after initial symp-
toms of pain, and subsequent systemic manifestations and distant organ failure 2–4 
days later [30]. This dysregulation of the immune system leads to a major organic and 
systemic inflammation and immune paralysis, causing a worsening clinical course 
during AP [29].

2.2.2 Metabolic changes

Inflammatory cytokines (TNF, IL 1, and 6) as well as stress hormones (cortisol, 
catecholamines, and glucagon) are produced during AP. As a result, a dysregulation 
of basal metabolism is similar to trauma or sepsis [23, 31, 32]. When overwhelming 
inflammation is observed, it produces augmented protein catabolism, characterized 
by a decremented production of gluconeogenesis by exogenous glucose, increased 
energy expenditure and insulin resistance, and an augmented dependence of fatty 
acid oxidation for energy substrates. Energy needs are in constant change according 
to the severity and stage of AP, comorbidities, as well as complications during the 
clinical course of AP [23, 32]. In the same sentence, impaired nutrient digestion and 
absorption occurred during AP produce nutritional deficiencies. This can be particu-
larly severe in undernourished patients, as well as alcoholic patients, who are at great 
risk of AP. Without the correct and opportune nutritional support, patients develop 
malnutrition in a rapid manner, as well as water retention and decreased muscle 
function [33].

In patients with AP, resting energy expenditure (REE) measured by indirect 
calorimetry (IC) is increased by 61% and by 82% in complicated by infection ± SD 
of measured REE was 111% ± 15% in mild pancreatitis, 126% ± 10% in SAP, and 
120% ± 11% in pancreatic sepsis, compared with predicted REE by Harris-Benedict 
equation [3]. The substrates for the production of acute-phase occurred during AP 
covered by amino acid released from protein breakdown observed in about 80% of 
patients with severe necrotizing pancreatitis [31]. In the same way, nitrogen loss can 
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be up to 20–40 g/d and these patients have a tenfold higher death rate than those 
with normal balance [34]. Regarding carbohydrate metabolism, hyperglycemia is 
frequently observed in patients with AP, as a result of an imbalance of insulin resis-
tance, increased hepatic glucose production, and impaired insulin secretion caused 
by beta-cell damage [35]. Hyperglycemia is associated with necrosis and its infectious 
complications. Clinical therapy should include blood glucose control in a strict man-
ner [36]. Hypertriglyceridemia is also common during AP, and it can be caused by 
any complication related to AP, or it can produce pancreatitis. Elevated serum tri-
glycerides and impaired lipid clearance are caused by lipid catabolism, resulting from 
decreased insulin secretion [36]. Severe hypertriglyceridemia is considered when 
serum triglycerides > 11.3 mmol/L, and in the absence of gallstones and significant 
alcohol consumption, it can cause AP [9, 36].

Micronutrient deficiencies are commonly observed in AP. On the other hand, 
chronic alcohol consumption can cause micronutrient deficiencies due to impaired 
storage and utilization of nutrients, inadequate intake, and decreased absorption. 
These deficiencies include vitamin B1, B2, B3, B12, C, A, folic acid, and zinc [37, 38]. 
Moreover, deficiencies in patients with severe complicated pancreatitis often require 
hospital admission.

3. Nutritional support in AP

3.1 Nutritional requirements

Energy requirements should be estimated with IC if possible or should be given 
25–35 kcal/kg/d as energy goal, the estimated protein requirements range over 1.2–1.5 
g/kg/d. This may improve nitrogen balance and is related to a decrease in 28-d mortal-
ity in critically ill patients [39]. A mixed source of energy from carbohydrates, fat, 
and protein should be provided [40, 41]. In severe AP, carbohydrates/day should be 
3–6 g/kg and up to 2 g/kg of lipid/day.

3.2 Enteral nutrition vs. parenteral nutrition

Enteral nutrition (EN) is feasible, safe, and beneficial in all types of pancreatitis 
[42]. It is currently acknowledged that EN properly applied may be essential to 
enhance AP-associated malnutrition and its general effects; on the other hand, bowel 
rest has been associated with atrophy of the intestinal mucosa and an increase in 
infectious complications [43]. About 60% of patients with AP have experienced gut 
barrier dysfunction [8, 44]. It is important to mention that EN has immunomodula-
tory effects that preserve the integrity of the intestinal mucosa, in addition to stimu-
lating intestinal motility and reducing the excessive growth of bacteria, [8, 45] and 
diminishing endotoxin and bacterial translocation [46–49].

The 2016 American Society for Parenteral and Enteral Nutrition/society of critical 
care medicine guidelines recommend EN over parenteral nutrition (PN) and show a 
decrease in infectious morbidity (42.6% vs. 16.1%, P < .0001) and mortality (16.4% 
vs. 6.1%, P = .02); [50] EN also decreases levels of TNF, IL-1, IL-6, and IL-8 [47]. A 
meta-analysis of eight randomized clinical trials found that EN considerably reduced 
mortality, organ failure, and surgical intervention compared with PN [51]. EN vs. PN 
mortality rates showed an increase in survival with EN (4% vs. 15.9%). In patients 
with SAP, EN is preferred to PN, whether administered orally or by tube, it preserves 
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the intestinal barrier function to prevent bacterial translocation. The New England 
Journal of Medicine demonstrated, in a multicenter randomized study, that both 
early tube feeding and oral diet after 72 hours given to patients with AP at high risk of 
complications are equivalent in reducing infection rates or death [46]. Multiple meta-
analyses have been found that support the use of EN in PN, such as a Cochrane study 
in which eight randomized controlled studies were carried out in patients with PA 
comparing EN with PN, it was found that EN reduced mortality, systemic infections, 
and multi-organ failure [52]. Another study carried out on 381 patients confirmed the 
benefit of EN over PN in patients with SAP, and the results showed lower mortality, 
fewer infectious complications, a lower rate of organ failure, and surgical intervention 
[49]. Several trials have suggested that the optimal EN route is the nasogastric route, 
putting it as an alternative to the nasoduodenal or nasojejunal routes [53–55]. As dem-
onstrated in multiple trials involving a sample of 157 SAP patients, the results were 
that nasogastric feeding is safe and well tolerated compared with nasojejunal feeding 
[41, 56]. Nevertheless, as shown by multiple randomized trials that have associated 
total PN (TPN) with risks of infection and other complications [57]. PN should still 
be minimized unless the enteral route is not available, not tolerated, or not meeting 
caloric requirements [58, 59]. PN causes increased inflammatory cytokines, leading 
to a proinflammatory state in the gastrointestinal tract [58, 60]. Overall, PN is more 
expensive than EN or oral nutrition and associated with more complications [61].

3.3 Nutrition support in mild and moderate AP

In the care of patients with mild-to-moderate AP, food can be given orally once 
nausea, vomiting, and abdominal pain have subsided and appetite has returned  
[62, 63]. The conventional way of feeding patients with AP is increasing, that is, once 
the abdominal pain has disappeared and the pancreatic enzymes have decreased, the 
first 24 hours are given clear liquids to later consume a low-fat soft diet for 24 hours to 
check tolerance, and then start a solid low-fat diet [57]. However, a randomized study 
determined that providing a soft diet with clear liquids to patients with mild AP did 
not show significant differences in the two participating groups. In addition, it was 
determined that starting treatment with a solid diet is associated with a shorter hospital 
stay (mean of 5 vs. 8 days of starting with clear liquids, p < 0.001) . On the other hand, 
a current open-label randomized trial [64] demonstrated no difference in tolerance to 
refeeding when comparing both the stepped and immediate full-calorie diets. Likewise, 
it was mentioned that fasting caused by constant abdominal pain in patients with 
moderate AP should not exceed five days, and if this is the case, a catheter should be 
placed [62, 63, 65].

Theory mentions that nasojejunal feeding is preferred over nasogastric feeding 
because it is assumed to be more tolerable for patients [66]. In nasojejunal feed-
ing, placing the tube in the jejunum beyond the duodenum avoids stimulation of 
the already inflamed pancreas, causing less pain. However, there are studies that 
compared nasojejunal and nasogastric feeding and did not find significant differ-
ences [67, 68]. The current indication is that continuous feeding over bolus feeding 
is recommended for patients requiring tube feeding [3, 66]. EN demonstrated better 
feeding tolerance and decreased interruptions due to high residuals and vomiting in 
the continuous infusion when compared with the bolus group [69, 70].

The method of administration of the nasogastric diet is through interrupted 
boluses (200–300 mL 5–6 times a day) under control of gastric residual volume 
(GRV) or continuous infusion (30–50 mL/h), unlike NE via NJT that is administered 
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in continuous infusions. Gradually increasing the flow rate: from 20 to 30 ml/h to 
100 to 125 ml/h. To avoid complications (regurgitation, aspiration, or pneumonia), 
EN via the nasogastric route should be interrupted at GRV > 200 mL. The EN must 
cover a minimum of 60% of the energy requirement. When intolerance to EN occurs, 
resulting in effects such as diarrhea, the rate of feed delivery should be decreased. 
When this is not enough, a switch to EN should be considered. The continuous evalu-
ation of the nutritional requirement and the laboratory investigations must be carried 
out weekly with the objective of optimally carrying out the nutritional support and 
if required, the modification of the type or formula if indicated. In addition, it is 
essential to carry out adequate care of the tube (in EN) or catheter (in PN) to avoid 
infections and other complications related to the catheter and the tube [1, 71]. Due to 
its nature, parenteral nutrition is reserved only for patients who present intolerance or 
are unable to receive enteral nutrition [52, 72].

3.4 Nutrition support in severe AP

At the international level [62, 63, 65, 73, 74], it is mentioned that in patients 
with SAP, nutritional support should be provided through enteral feeding (grade of 
recommendation: A). Even if complications such as fistulas, ascites, and pseudocysts 
occur, EN is preferred over PN (grade of recommendation: C) [63, 65]. After surgery 
for pancreatitis, EN is recommended through intraoperative jejunostomy (grade of 
recommendation: C) [65]. Since enteral tube feeding can provide safe nutritional 
support in AP even in cases where gastric outlet is obstructed [75] in this case, the tip 
of the tube should be placed distal to the obstruction (grade of recommendation: C) 
[65]. However, early EN (enteral tube feeding within 24 hours of presentation) has 
not been shown to improve outcomes in SAP patients, compared with oral feeding 
starting at 72 hours. [76]

The only real contraindication to EN is prolonged paralytic ileus. However, 
according to the European Society for Parenteral and Enteral Nutrition guidelines, it 
is advisable to combine PN with a small content of an elemental or immunopotentiat-
ing diet (10–30 ml/h) continuously infused into the jejunum. Regarding delivery 
times, continuous infusion is preferred over bolus administration (grade B recom-
mendation) [65, 66].

3.5 Time of enteral support

EN should be initiated when the patient has an established condition for gut 
permeability and should start after adequate resuscitation and stable hemodynamic 
status. Many studies have shown the advantages of early enteral feeding in SAP and 
how convenient it is for the prognosis [77]. A meta-analysis conducted by Petrov [78] 
showed that the timely administration of EN during the first 48 hours of admission 
improved the reduction of multiorgan failure, complications of infectious origin, and 
mortality rate in comparison with PN. After this period, there were no significant 
differences observed in comparison with PN. Starting EN before 48 hours provide 
several advantages in more successive studies and another meta-analysis. Many 
studies have shown this association, and a more recent meta-analysis, improving the 
time, demonstrated that starting EN within 24 hours after hospital admission was 
associated with lower complications for predicted severe or SAP, but not for mild to 
moderate pancreatitis. [76, 79–82]. A multicenter randomized controlled trial com-
pared early EN within 24 h versus an on-demand oral diet of 72 h, with tube feeding 
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provided on day 4 if the oral diet was not tolerated. This study showed that patients 
with moderate pancreatitis, who do not require intensive care, can use an oral diet on 
demand and only through a tube from day 4 if the oral diet is not successful [76].

3.6 Gastric vs. small bowel feeding

In response to decreased efficiency in pancreatic secretion during PA, nasogastric 
feeding has been considered to be similar to nasojejunal feeding when the follow-
ing parameters are assessed: pain, aspiration, compliance with energy balance, and 
mortality; this even though it was previously believed that feeding through the small 
intestine could decrease the stimulation of the pancreas and digestion [55].

Feeding in the stomach is the most used because it is easier and cheaper, and it 
optimizes the time for the patient who requires EN, since through the intestine, not 
only a special technique is required, but also more time for the correct one tube place-
ment. However, this technique is mainly used for patients who do not tolerate gastric 
feedings, such as obstructions, edema, severe gastroparesis, or pseudocysts. Likewise, 
the use of jejunal probes is indicated for post-operative patients in different condi-
tions where it is required [65, 83].

3.7 Polymeric vs. semielemental formula

Formulations used in EN and PN are compounds based on the following nutri-
tional requirements: protein 1.2–1.5 g/kg/d, carbohydrates 3–6 g/kg/d (glucose 
concentration, aim: <10 mmol/L), lipids up to 2 g/kg/day, (triglyceride concentration, 
aim: <12 mmol/L), Natrium 1–2 mmol/kg/d, potassium 1–2 mmol/kg/d, chlorine 
2–4 mmol/kg/d, phosphorus 0.1–0.5 mmol/kg/d, magnesium 0.1–0.2 mmol/kg/d, 
and calcium 0.1 mmol/kg/d. Naturally, this formula could be adapted for the clinical 
condition of the patient, depending on the above-mentioned serum concentrations 
[79]. Enteral formulas are classified into elemental (monomeric), semi-elemental 
(oligomeric), and standard (polymeric) formulas and differ in protein and fat con-
centration. Elemental formulas contain amino acids, simple sugars, and very low fats; 
semi-elemental formulas contain peptides of various chain lengths, a simple sugar, 
glucose polymers or starch, and medium-chain triglycerides, and polymeric formulas 
contain intact proteins, complex carbohydrates, and long-chain triglycerides [84].

Nevertheless, polymeric formulas are safe and comply with the same nutrimental 
function as elemental and semi-elemental formulas if administered via nasojejunal 
tube in AP patients [85–87]. A meta-analysis by Petrov et al including 1070 patients 
found no significant difference in feeding tolerance (RR = 0.62; 95%CI: 0.10–3.97), 
infection (RR = 0.48; 95%CI: 0.06–3.76), and death (RR = 0.63; 95%CI: 0.04–9.86) 
[85–89]. It should be remembered that semi-elemental or elemental formulas are at 
least sevenfold as expensive as polymeric feeds [90, 77, 91].

3.8 Parenteral nutrition

EN is the first way of nutrition, however, if it is not possible to use it or there is 
intolerance to it, parental nutrition (PN) can be used, which is used after the fifth or 
seventh day of admission to increasing, in this way, the correct clinical development 
of the patient and decrease the hospitalization days [40, 59, 89, 92, 93] EN intolerance 
is generally accompanied by diarrhea and in such cases, PN nutrition is considered. It 
is recommended that PN must have a gradual increment starting from day one up to 
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day three in the following way 50%, 75%, and 100%, and must include carbohydrates, 
proteins, and lipids. The control of the hemodynamic status of the patients has to be 
overseen even before starting the nutrition in order to avoid the re-feeding syndrome 
in such a way that the formula can be readapted if required [1].

An important consideration is that glucose should not be more than the maxi-
mal level of glucose oxidation (4–7 mg/kg/min or 5–6 g/kg/d), and a target blood 
glucose range of 7.7–10 mmol/L is recommended [94, 95]. Intravenous lipid emul-
sions can be safely started, and the recommended dose is 0.8–1.5 g/kg/d [40, 41]. 
Intravenous lipid emulsions dose may need to be reduced or discontinued if serum 
triglyceride consent iterations are greater than 4.5 mmol/L [96, 97]. In PN-exclusive 
nutrition, a daily dose of multivitamins and trace elements should be administered. 
Micronutrients should be supplemented in patients with confirmed or suspected 
deficiencies of estimated nutritional requirements gradually from day 1 to day 3. 
The hemodynamic status must be watched to avoid water/electrolyte and acid-base 
imbalances [1, 41].

4. Nutritional supplements and antioxidants in AP

Various supplements such as probiotics, glutamine, omega-3 fatty acids, and 
different formulations of enteral and parenteral nutrition have been studied with the 
aim of reducing inflammation and improving outcomes in AP [28]; however, their 
clinical benefit is still unclear.

4.1 Vitamins

AP carries great oxidative stress and an acute systemic inflammatory response, 
[98] which is the reason why it is suggested that patients with AP have lower serum 
levels of anti-oxidant vitamins and may benefit from supplementation [99]. Vitamin 
A, vitamin C, vitamin E, selenium, and N-acetyl cysteine are important immunonu-
trients and have been inversely associated with AP [98]. It has been described that 
they may reduce inflammation and improve outcomes in SAP. Nevertheless, only a 
few small studies with varied doses and duration of vitamins have studied this effect 
with non-conclusive results: Musil et al. [21] found that plasma concentrations of 
vitamin A and vitamin C were significantly lower in AP patients compared with 
controls (P < 0.05) [100]. Recently, another study reported that vitamin D has been 
inversely associated with gallstone-related AP [98].

It has also been assessed the vitamin supplementation in combination with other 
antioxidants or in vitamin-only therapy and yielded mixed outcomes: In a multicenter 
randomized, double-blind, placebo clinical trial by Siriwardena et al. the use of intra-
venous combination of antioxidant therapy containing vitamin C, was not clinically 
justified to continue in AP [101]. Subsequently, another group comparing vitamin 
C (N-acetylcysteine) in combination with standard medical treatment in early AP 
suggested that antioxidant supplementation reduced the length of hospital stay and 
complications in these patients [102].

Another study with high vitamin C doses, involving 84 AP patients and 40 
healthy subjects in China, demonstrated therapeutic efficacy on the disease, and they 
proposed that promoting anti-oxidizing capability in these patients, may block lipid 
peroxidation and improve cellular immune function [103]. This hypothesis cannot 
yet be proven, as another group studied multiple vitamin-based antioxidant therapy 
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(vitamin A, vitamin C, and vitamin E) in a randomized study involving 39 patients, 
in which there was no proven benefit [104].

4.2 Curcumin

Curcumin (CUR) has been described as an important antioxidant, anti-apoptotic, 
anti-cancer, and anti-inflammatory supplement, [105–109], acting as a free radi-
cal scavenger [42, 110], and increases the expression of anti-oxidant enzymes like 
superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), hemo 
oxygenase-1 (HO-1), and others [111]. Also, CUR exerts an anti-inflammatory effect 
through its ability to diminish the activation of nuclear factor κ B (NFκB, p65/p50), 
[112], which reduces the expression of inflammatory cytokines like IL-1β, IL-6, 
TNFα, cyclo-oxygenase 2, lipoxygenase 5, and inducible nitric oxide synthase [113].

In experimental models of AP, CUR decreased the level of serum amylase, the 
number of myeloperoxidase, NFκB, and apoptotic cells. Furthermore, pancreatic 
inflammation, edema, and necrosis of fat cells also decreased after inducing pancre-
atitis with L-arginine. Histopathological features in experimental pancreatitis were 
normalized by effect of CUR [114]. Similar findings were reported by Yu [115] in 
an AP induced with caerulein. Finally, a clinical study in tropical pancreatitis sug-
gested the beneficial effect of CUR by decreasing the level of lipid peroxidation and 
reinforcing the activation of the endogenous antioxidant enzymes [116]. Thus, the 
potential benefits of CUR alone or combined with other antioxidants contained in 
micro or nano-formulations [116] continue to be evaluated and applied in AP.

4.3 Gut microbiome impact in AP

The human gastrointestinal tract has a rich microbiota, consisting of a vast 
number of microorganisms and >5000 genes. About 80–90% of the gut microbiome 
are Firmicutes and Bacteroidetes, being the most prevalent bacteria [55]. The gut 
microbiome influences the immune system through its effect on systemic metabolism.

In acute pancreatitis, the microbiome is altered by the increased intestinal perme-
ability [117], resulting in important dysbiosis [118]. Changes in the intestinal micro-
biota during AP depend on the course of the disease, with a decrease in the diversity 
of microorganisms in acute necrotic pancreatitis [119]. Also, the need for aggressive 
medical therapy with acid suppression and reduced oral feeding creates a microbial 
imbalance [117, 118].

Increased intestinal permeability has been demonstrated in a significant percent-
age of patients with AP [120], with circulating bacterial DNA representative of gut 
bacteria in 68.8% of patients with AP. Zhang and colleagues showed that patients 
with AP had more Proteobacteria and Bacteroidetes and fewer Actinobacteria and 
Firmicutes in their feces, compared with normal controls [121]. The clinical signifi-
cance of gut dysbiosis is poorly understood, but these patients have been found to 
have worse outcomes .

Mechanisms of microbiome alteration include 1. poor intestinal mobility: resulting 
in the growth of Gram negative and anaerobic microflora, in addition to the accumu-
lation of substances that will inhibit the growth of probiotics, [122]. 2. Gut mucosal 
ischemia: Inflammation in the environment generated by AP can cause ischemia 
injury due to the release of proinflammatory cytokines, which together, with the 
increased migration of cells of the immune system, alters the microbiota destroying 
the bacterial glycocalyx [123]. 3. Oxidative stress: The subsequent inflammation in the 
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tissue leads to the release of reactive oxygen species, and the oxidative state present in 
the tissue allows the presence of oxygen-tolerant bacteria [124].

Different strategies are recommended to recover the intestinal microbiome in the 
treatment of AP, mainly with the use of probiotics. These are live microorganisms 
that confer a health benefit through the inhibition of pathogenic microorganisms, 
the induction of growth of the mucous layer, and inhibiting apoptosis of epithelial 
cells. The most used probiotics are Lactobacillus, Bifidobacterium, Streptococcus, 
and Lactococcus lactis among others [125, 126]. Other strategies as antibiotics are not 
widely used in patients with AP since their prophylactic use does not reduce mortal-
ity, and in spite of this, Ahuja et al. [127] reported that the pancreatic acini were able 
to regulate the intestinal microbiota through the secretion of antimicrobials and 
different pro-inflammatory cytokines, which still must be proven.

4.4 Glutamine

For unfed sterocytes, glutamine represents an important substrate [30]. Long-
term parenteral nutrition can cause glutamine deficiency, which in turn leads to 
intestinal dysfunction [47]. Supplementing PN with glutamine is recommended for 
patients with critical illnesses associated with a catabolic response, as it helps preserve 
the cell mass of the stomach-associated lymphatic tissue and antibacterial defenses 
[30, 51].

It has been shown that glutamine can be associated with a decrease in infec-
tious complications, as a result of a meta-analysis of 12 RCTs (RR = 0.58; 95% CI: 
0.39–0.87) and mortality (RR = 0 .30, 95% CI: 0.15–0.60). In this study, statistically 
significant benefits were shown among patients who received total PN but not EN 
[128]. The above findings were confirmed in another study that determined the 
advantages of intravenous glutamine [129]. Among the most recent studies was found 
that enteral glutamine showed an improvement in the organ failure score, it did not 
obtain significant benefits in infected necrosis and mortality [130]. One study showed 
that giving PN with glutamine supplementation reduced overall complications by 
25% compared to the PN-only group by 47% [131]. Overall, giving intravenous gluta-
mine appears to be beneficial in patients with total PN, however, the beneficial effects 
of enteral glutamine should be investigated in the future. Glutamine is recommended 
as a supplement in the following doses 0.3 to 0.5 g/kg/d [130, 132, 133].

4.5 Omega-3 fatty acids

Remarkable immunomodulatory benefits are described from dietary polyunsatu-
rated fatty acids, especially lipoxins, resolvins, and protectins, [134, 135]

A randomized study found that enteral formula enriched with ω-3 FA in the 
treatment of AP reduced the total time of jejunal feeding and hospital length [136]. 
Also, more studies evaluated the effects of ω-3 FA supplemented in the PN during 
SAP. Wang et al. performed a randomized, double-blind trial of 40 SAP patients 
receiving PN with the same amount of nutrients but different lipid contents, includ-
ing soybean oil-/fish oil-based fat solutions. It was observed that patients with ω-3 
FAs-supplemented PN had higher levels of eicosapentaenoic acid and decreased 
pro-inflammatory cytokines, together with improved respiratory function and a 
minor renal replacement therapy time, suggesting an attenuated systemic response to 
pancreatic and organ injury [137]. Another study by the same authors who included 
56 patients receiving an isocaloric and isonitrogenous PN with fats of all ω-6 FAs or 
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4:1 ω-6:ω-3 FAs demonstrated that ω-3 FAs-supplemented PN augmented the expres-
sion of IL-10, and human leukocyte antigen-DR in SAP patients [137]. In the same 
way, during the first hours of SAP, supplementation with ω-3 fish oil emulsion in 
PN decreased SIRS, and improved the balance of pro-/anti-inflammatory cytokines 
and thus improved AP-associated severe [138]. Moreover, a meta-analysis of eight 
small RCTs showed that omega-3 fatty acids supplementation was beneficial in the 
total mortality, infectious complications, and length of hospital stay, especially when 
received parenterally. Nonetheless, large and well-designed RCTs are required to 
elucidate the efficacy of omega-3 FA supplementation during SAP.

5. Conclusions

Nutritional therapy since the onset of AP constitutes a critical component in the 
management of patients that should be performed and assessed in the first hours 
of hospital admission. If the patient has mild disease and the on-demand oral diet 
of low-fat solid foods is tolerated, and not limited to clear liquids or if the enteral 
nutrition support is well tolerated during SAP, a daily reassessment of tolerance 
should be performed. The correct time to start enteral support should be performed 
in the first 24–48 hours after onset of AP. In contrast, early EN may not be better than 
an on-demand oral diet at 72 h. If it is not tolerated, then the enteral route through a 
nasogastric or nasojejunal feeding tube should be attempted. The use of a standard 
polymeric formula is recommended in gastric and jejunal feeding; nonetheless, 
daily assessment of tolerance should be carried out. PN is considered the last option 
because of the considerable risks of infection, and other complications. Lastly, vari-
ous nutritional supplements used during AP have mixed clinical outcomes that should 
be more elucidated to bring certainty of their use to achieve better clinical outcomes.

Conflict of interest

The authors declare no conflict of interest.

Acronyms and abbreviations

AP acute pancreatitis
SAP severe acute pancreatitis
TNF tumor necrosis factor
COX cyclooxygenase
IL interleukin
REE resting energy expenditure
IC indirect calorimetry
EN enteral nutrition
PN parenteral nutrition
TPN total parenteral nutrition
GRV gastric residual volume
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