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Abstract

Acute pancreatitis (AP) is an inflammatory disease of the pancreas, which can
progress to severe AP, with a high risk of death. It is one of the most complicated
and clinically challenging of all disorders affecting the abdomen. The main causes
of AP are gallstone migration and alcohol abuse. Other causes are uncommon,
controversial and insufficiently explained. The disease is primarily characterized
by inappropriate activation of trypsinogen, infiltration of inflammatory cells, and
destruction of secretory cells. According to the revised Atlanta classification,
severity of the disease is categorized into three levels: Mild, moderately severe
and severe, depending upon organ failure and local as well as systemic complic-
ations. Various methods have been used for predicting the severity of AP and its
outcome, such as clinical evaluation, imaging evaluation and testing of various
biochemical markers. However, AP is a very complex disease and despite the fact
that there are of several clinical, biochemical and imaging criteria for assessment
of severity of AP, it is not an easy task to predict its subsequent course. Therefore,
there are existing controversies regarding diagnostic and therapeutic modalities,
their effectiveness and complications in the treatment of AP. The main reason
being the fact, that the pathophysiologic mechanisms of AP have not been fully
elucidated and need to be studied further. In this editorial article, we discuss the
efficacy of the existing diagnostic and therapeutic modalities, complications and
treatment failure in the management of AP.
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Core Tip: Acute pancreatitis (AP) is an inflammatory disease of the pancreas, with abnormal trypsinogen
activation as the primary pathogenesis and varies from clinically mild to fulminant form. Severe forms of
AP are a relatively common cause of death. Progress in the establishment of biochemical, imaging and
clinical criteria for the severity and prognosis of the disease has markedly influenced the therapeutic
approach and the outcome of the disease. This article presents the diagnostic and therapeutic modalities
with regard to their effectiveness, complications and treatment failure, as well as discussing some of the
controversial issues in the treatment of AP.
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INTRODUCTION

Acute pancreatitis (AP) is an inflammatory pancreatic disease affecting all ages, with an annual
incidence of 10-50 cases per 100000 persons[1]. The main causes of AP are gallstone migration and
alcohol abuse. Among these, predominance of one cause over the other depends on socioeconomic,
ethnic, and cultural differences[2-5].

Most patients with AP present with a mild and self-limited disease. Conversely, 15%-20% patients
with AP develop local and/or systemic complications, frequently leading in multiple (respiratory,
cardiovascular, renal, and hepatic) organ failure (MOF) and death. According to the revised Atlantic
classification, the severity of AP is divided into three levels: Mild, moderately severe, and severe, based
on organ failure as well as local and systemic complications[3]. However, the pathophysiologic
mechanism of AP has not been fully elucidated and there are several controversies regarding the
diagnostic and therapeutic modalities due to their effectiveness and complications in the treatment of
the disease. These controversies primarily relate to the therapeutic treatment at the early stage of the
disease, which includes fluid resuscitation, including the most appropriate type of fluid to use, as well
as the time, volume, and rate of administration. Other controversies include the timing of restart and the
importance of nutritional support, the role of prophylactic antibiotics, the timing of application of more
aggressive methods including surgery, as well as the treatment of complications which can negatively
impact the patient's prognosis and quality of life[4-6].

This editorial article presents the most important diagnostic and therapeutic modalities with respect
to their efficacy, complications and treatment failure in the treatment of AP.

ETIOLOGY OF AP

There are multiple causes and pathological conditions potentially associated with AP (Table 1). It is
generally accepted that gallstones and alcohol abuse are responsible for about 90% of all cases of AP.
The role of gallstones is very important in the etiopathogenesis of AP and any finding indicating the
presence of gallstones in the gallbladder or biliary tract in patients with AP can be classified as the cause
of the disease. Therefore, all patients with AP should be screened by ultrasound for the presence of
cholecystolithiasis, common bile duct stones, or diagnose signs of biliary obstruction[2,7,8]. Alcohol-
induced pancreatitis is more common in young and middle-aged people in whom an idiosyncratic
sensitivity to alcohol may exist at levels of alcohol exceeding 80 g/dL. Other predisposing factors may
be the level of alcohol dehydrogenase activity in the gastric mucosa and the liver[2,7,8].

Hypertriglyceridemia (triglycerides > 600 mg) is well-known cause of AP. One of the predominant
causes of serum triglycerides elevation is alcohol intake. Therefore, it is sometimes challenging to assess
whether the cause of AP is alcohol consumption or hypertriglyceridemia[9-11].

A large variety of drugs have been related to AP. Although, some drugs such as diuretics,
azathioprine, sulfonamides, drugs used in the treatment of acquired immunodeficiency syndrome such
as didanosine and zalcitabine, and steroids can cause AP through a direct toxic effect, most cases of
drug-related pancreatitis are probably triggered by individual sensitivity. In large epidemiological

WJG | https://www.wjgnet.com 2748 May 14,2023 | Volume?29 | Issuel8 |


https://www.wjgnet.com/1007-9327/full/v29/i18/2747.htm
https://dx.doi.org/10.3748/wjg.v29.i18.2747

Zerem E et al. Current trends in AP

Table 1 Etiology of acute pancreatitis

Causes of acute pancreatitis

Toxic and metabolic

Alcohol

Hyperlipidemia (triglycerides > 600 mg)
Hypercalcemia (hyperparathyroidism)
Diabetes mellitus

Hypothyroidism

Uremia

Drugs (medicaments)

Scorpion venom

Mechanical

Gallstones, biliary sludge

Ampullary obstruction (Crohn’s disease, villous tumors of the ampulla)
Pancreatic obstruction (pancreatic tumor, chronic pancreatitis)
Sphincter of Oddi dysfunction

Pancreas divisium

Post ERCP-pancreatitis

Congenital malformation

Trauma

Others

Ischemia

Organ transplantation (bone marrow transplantation)
Iatrogenic injury

Infection

Hereditary

Autoimmune

Cystic fibrosis

Tropical (Ascaris lumbricoides)

Idiopathic pancreatitis

ERCP: Endoscopic retrograde cholangiopancreatography.

Jaishideng®

studies, it has been proven that potentially pancreatotoxic drugs are not independent risk factors for the
development of AP. The interval from the beginning of drug intake to the development of AP is highly
variable and ranges from a few weeks, in a drug-induced immunologic reaction, to several months,
when accumulation of toxic metabolites (e.g. valporic acid, pentamidine, didanosine) is required. The
mechanism of AP for many of these medications is obscure[12-16].

PATHOGENESIS OF AP

AP is predominantly acute inflammatory process which involves the parenchyma of the pancreas, with
involvement of other regional tissues or distant organ systems in severe forms of the disease. The
pathogenic mechanism of AP is presented by inappropriate activation of trypsinogen and destruction of
secretory cells followed by systemic release of cytokines and inflammatory mediators, causing the
activation of inflammatory cells, fever and MOF. Calcium overload, mitochondrial dysfunction,
impaired autophagy, endoplasmic reticulum stress, and exosomes are other factors in pathogenesis of
the disease[16]. Edema of pancreatic and peripancreatic tissues and fat necrosis are common in all forms
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of AP (mild, moderately severe and severe) however, in the severe AP (SAP), there is a possibility of
hemorrhage within the pancreas[4,7,17,18].

Cellular necrosis elements (acinar cells, duct cell, and islet cells) are considerable in SAP but necrosis
is usually absent in mild and moderate forms of the disease. During SAP, pancreatic necrosis (PN)
develops due to impairment in pancreatic microcirculation and its complete development takes usually
several (approximately 4-7) day after the beginning of the disease but, the development of PN is not
strictly fixed in time and may progress during the first 2 wk[4,16-18]. During that period, PN is usual
sterile and its infection is extremely rare. After the first 1-2 wk, the development of secondary infection
in PN, due to translocation of intestinal flora, is associated with increased morbidity and mortality[4].

Early in the course of AP, acute pancreatic fluid collections (APFC) can occur as amylase-rich and
protein-rich pancreatic juice collections and they usually resolve spontaneously. Pancreatic fluid
collections, which present for more than 4 wk, are usually caused by disruption of pancreatic duct (PD)
with extravasation of pancreatic juice and they are termed as pancreatic pseudocysts (PPC) or pancreatic
walled-off necrosis (WON). Extra-pancreatic manifestations of SAP include systemic inflammatory
response syndrome (SIRS) following by systemic MOF or exacerbation of serious pre-existing illness
related to AP[4,16-18].

DIAGNOSIS OF AP

Diagnosis of AP is based on clinical presentation, laboratory tests, and imaging findings and requires
two out of the following three criteria to be present: Clinical (acute pain attack in the upper abdomen
spreading to the back), laboratory (serum lipase and/or amylase levels are three or more times higher
than normal values) and typical imaging [computed tomography (CT), magnetic resonance imaging,
ultrasonography] findings that are characteristic for AP[5].

The most common presenting symptoms of the disease are abdominal pain (80%-95%) followed by
nausea and vomiting (40%-80%), rebound tenderness, breathlessness, impaired consciousness with
pyrexia, distension and reduced bowel sounds[4,16].

The diagnosis of AP can be supported by serum and urinary laboratory tests to clarify its origin. They
usually reflect organ dysfunction and metabolic disturbances. Amylase is traditionally the laboratory
test of choice but, given its higher sensitivity and specificity, lipase (serum level greater than three times
normal appears) is more valuable test for diagnosing of AP. The elevation of these enzymes in the
serum occurs due to the leakage of pancreatic acinar cells into the interstitial space followed by their
subsequent absorption into the circulation[19-21]. Some authors consider that the lipase/amylase ratio
can be a crucial parameter in establishing alcohol as the etiology of AP. Transaminases are mostly used
in differentiation biliary from other causes of AP[22]. The negative predictive value of urinary
trypsinogen-2 level is 99%. Therefore, urinary trypsinogen-2 levels accurately diagnose AP and may be
considered as useful markers to determine extra-pancreatic inflammation in AP[19,23,24]. Serum
immunoreactive trypsin, chymotrypsin, elastase, phospholipase A2, alfa2-macroglobulin, methem-
albumin, and carboxipeptides levels have been suggested in diagnosing AP. However, these tests are
not in routine use and are not commercially available[25,26].

When the clinical presentation is typical but the laboratory parameters are ambiguous or
inconclusive, imaging techniques are necessary. Contrast-enhanced CT (CECT) is the most performed
imaging test and the modality of choice for the diagnosis of PN, the determination of its extent, and the
diagnosis of local complications[4,27-29]. However, the complete development of PN takes usually
several (approximately 4-7) days from the beginning of the disease and CECT cannot be applied to
reliably assess the presence and extent of necrosis before that time[1,4].

Magnetic resonance imaging is a good alternative to CECT due to its superiority soft tissue contrast
resolution and better evaluation of the biliary tree and PD. Also, this method can be used as a substitute
for endoscopic retrograde cholangiopancreatography (ERCP) in the diagnostic evaluation of the PD[4,
30-32].

Ultrasound, endoscopic ultrasound and ERCP are adjuncts to CECT and they are used for the
diagnosis of cholelithiasis, disconnected PD, evaluation of the collection contents, and follow-up
imaging. Imaging examinations are usually not necessary in an emergency when the clinical
presentation and laboratory tests are consistent with features of AP[1,4,28,33,34].

PREDICTION OF SEVERITY AND OUTCOME OF AP

AP varies from clinically mild to fulminating disease and has been recorded as a cause of sudden death.
The outcome of acute attack depends in part on the etiology and in part on the severity of the attack. It is
generally accepted that death from AP has a bimodal temporal distribution: Early mortality is the
consequence of SIRS followed by MOF, while late mortality is caused by superinfection of PNs and
peripancreatic fluid collections resulting in sepsis[4,7,34,35].
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Advances made in establishing diagnostic criteria for the severity and prognosis of an attack have
markedly influenced therapeutic approach. Several multifactorial scoring systems (Ranson, APACHEII,
Glasgow-Imrie, SOFA, Balthazar, BISOP, etc.) have been extensively applied with the goal of predicting
which patients might have a severe clinical course and which of them will recover without major
complications[7,20,21,36-41].

A commonly accepted definition of SAP was not established until 1993, when the first version of the
Atlanta classification for AP was published. The classification emphasizes the difference between milder
interstitial form of AP from SAP related to 'local complications', but do not contain a clear definition of
pancreatic and peripancreatic collections that was standardized worldwide[42]. The classification was
revised in 2012[1,3], defining early and late AP which can be either edematous interstitial or necrotizing
one. According to the severity of the disease, AP is divided into mild, moderately severe, and severe
form, based on organ failure as well as local and systemic complications. AP collections are differen-
tiated into APFC, PPC, acute necrotic collection, and pancreatic WON, according to the type of AP[1,3,7]

Figure 1).

( I%owezrer, the value of early prognostic evaluation of AP remains uncertain due to the fact that
patients who have the same initial predicting scores often have very different subsequent clinical
courses of the disease. Also, the relevance of the prognostic evaluation is markedly affected by the lack
of widely accepted definition of severity and outcome of the disease[1,4,7].

INITIAL TREATMENT OF AP

AP is a dynamic disease process in which most attacks are mild (mild and moderately severe forms), AP
is a dynamic disease process in which most attacks are mild (mild and moderately severe forms), with
ongoing recovery after a few days of conservative supportive therapy. However, some patients with
SAP can develop local and/ or systemic complications and MOF. There are two treatment periods in AP:
Early treatment of the acute attack should be applied in both mild and severe forms of AP, while late
management includes treatment of SAP complications. The most important measures of intensive
monitoring and supportive therapeutic procedures in AP are presented in Table 2.

In early stage of AP, all patients require appropriate conservative treatment and sufficient nutritional
support. Most patients with mild or moderately SAP will recover with conservative treatment that
includes correction of hypovolemia and hypoxemia, as well as pain relief. For a long time, correction of
hypovolemia, even with mild AP, was carried out by early aggressive hydration with monitoring vital
constants and urine output[3,5,6,42-44]. However, there is conflicting evidence regarding the fluid
management strategy both in terms of fluid type, optimal volume and rate of administration, as well as
severity of AP. Several recent randomized trials showed that early aggressive fluid resuscitation, in
patients with AP, resulted in a higher incidence of fluid overload (with potentially increasing risk for
acute kidney injury and pulmonary edema) without improvement in clinical outcomes[45-48]. Other,
also randomized controlled trials, reported that early aggressive intravenous hydration hastens clinical
improvement in patients with AP and that aggressive fluid strategy is beneficial especially for certain
subsets of patients and some types of AP[48-51]. Most authors agree that these discrepancies are not
fully elucidated and that future studies are needed to investigate which fluid management strategy is
optimal for majority of the patients and which subsets of patients with AP may benefit from different
management of fluid replacement[6,47].

Pain control is a very important therapeutic measure in the early stage of AP and can be provided by
appropriate intravenous administration of a non-opiate analgesic. Opiates (e.g., meperidine) may also be
given as required[52-54]. Some recent systematic reviews and meta-analysis suggest that epidural
anesthesia is safe and effective in reducing pain severity, improving pancreatic perfusion, and
decreasing mortality, within the first 24 h of AP onset. However, there is paucity of evidence to guide
pain management in AP with small datasets per study[55,56] Hypoxemia is a rare event in mild and
moderately SAP but, in severe forms of the disease, respiratory insufficiency with hypoxemia is often
present as single organ failure. Hypoxemia could be avoided by ensuring airway patency and supple-
mental application of humidified oxygen, which would allow maintenance of arterial oxygen saturation
above 95%. In case of development of respiratory insufficiency, mechanical ventilation with positive
expiratory pressure is mandatory[4-6,43,44].

Conversely, patients with SAP are at high risk of developing PN, MOF, and septic complications. The
most important therapeutic goals in the initial treatment of SAP are the provision of supportive therapy
and the treatment of specific complications that may occur at the beginning of the disease[4].

Nutritional support

The nutritional management strategy for patients with AP has generated intense debate over the past
few decades. Oral nutrition should be restarted immediately in patients with preserved gastrointestinal
peristalsis, without abdominal pain, nausea, vomiting, or evidence for intestinal obstruction or ileus[5,
18]. Most patients with SAP have increased basal energy needs, pronounced protein catabolism and
endogenous gluconeogenesis.
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Table 2 Management of acute pancreatitis

Cornerstone treatment measures

Intensive monitoring and support of cardiac, pulmonary, renal, and hepatobiliary functions
Fluid resuscitation with monitoring of vital constants and urine output
Electrolyte solutions and Plasma expanders
Humidified oxygen administration
Catecholamine (dopamine, dobutamine) to prevent renal failure
Appropriate nutritional support
Early treatment of systemic complications
Mechanical ventilation with positive end-expiratory pressure
Catecholamine (epinephrine) if shock develops
Hemofiltration, dialysis
Insulin and calcium substitution to treat metabolic complications
Prevention of infectious complications
Biliary tract management
Management of necrotizing pancreatitis
Conservative, Imaging, Endoscopic, Surgical management
Management of late complications
Pancreatic pseudocysts
Walled-off pancreatic necrosis
Disconnected pancreatic duct syndrome/ pancreatic fistula
Acute non-infectious complications in acute pancreatitis
Intra-abdominal hypertension
Pseudoaneurysm
Venous thrombosis
Bowel fistula
Management of special types of acute pancreatitis
Pediatric
Hyperparathyroidism
Hypertriglyceridemia
Post-ERCP pancreatitis
Trauma
Pregnancy

Long term complications and long-term care

ERCP: Endoscopic retrograde cholangiopancreatography.

The purpose of nutritional support is the reduction of wasting, to support the structure and function
of organs, and to have a positive influence on the clinical course of the disease. Also, if patients with
SAP develop paralytic ileus as a complication of the disease, keeping the pancreas at rest is necessary.
Since they require nutritional support to achieve a positive nitrogen balance, parenteral nutrition should
be started as soon as possible with the aim to achieve a positive nitrogen balance within the first 72 h
after the onset of the disease[4].

However, SAP represents a typical model of septic syndrome due to the gastrointestinal barrier
failure, which reduces gastrointestinal motility and damages mucosal integrity with subsequent
increases in its permeability. This leads to an increased risk of bacterial overgrowth and their translo-
cation from the intestinal tract to peripancreatic necrosis. Therefore, one of the main therapeutic goals in
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Acute
pancreatitis

Interstitial
edematous
pancreatitis

Necrotizing
pancreatitis

< 4 wk - APFC > 4 wk - PPC < 4wk - ANC > 4wk - WON
Sterile or infected (rare) Sterile or infected Sterile or infected Sterile or infected
No intervention Drainage if infected Drainage/Surgery required Drainage/Surgery required

DOI: 10.3748/wjg.v29.i18.2747 Copyright ©The Author(s) 2023.

Figure 1 The revised Atlanta Classification: Key terms diagram. APFC: Acute pancreatic fluid collection; PPC: Pancreatic pseudo cyst; ANC: Acute
necrotic collection; WON: Walled-off necrosis.
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SAP is to maintain intestinal integrity to prevent bacterial and endotoxin translocation and improve the
immune system of the gastrointestinal tract. Administration of enteral feeding, with or without
immunonutrition can maintain mucosal integrity and prevent or decrease bacterial translocation.
Therefore, early nutritional support should be prioritized as soon as possible (optimally, within the first
24-72 h)[4,18,57-59].

Role of antibiotics

The presence of infected PN is the most important negative indicator and is the main cause responsible
for morbidity and mortality in SAP. The infection organisms that are responsible for PN infection are
mostly Gram-negative bacteria of intestinal origin, and they can reach PN through a previously
damaged intestinal mucosal barrier[4,18].

Broad-spectrum antibiotics with ability to pass into PN (e.g., carbapenems, quinolones, and
metronidazole), should be prescribed only when infected necrosis is confirmed or strongly suspected
[18]. However, the administration of antibiotic prophylaxis in order to prevent infection of sterile
necrosis is controversial. Some authors advocate the use of prophylactic antibiotics in SAP considering
that they can prevent the development of superinfection in necrotic tissues, which is the only measure of
initial treatment of PN, since their development are not preventable[4,18,60-65]. Some authors consider
that there is a reduction in pancreatic infection in the subgroup of patients who received broad-
spectrum antibiotics, concluding that more evidence is needed[60,61].

However, multiple prospective, randomized, placebo-controlled trials and most important guidelines
have demonstrated that the routine use of prophylactic broad-spectrum antibiotics, in patients with
SAP, has no influence on the development of infected necrosis, systemic complications, need for
surgery, or mortality[18,62-65]. Besides, prolonged antibiotic therapy increases the prevalence of fungal
infections[4,18,61]. Evidence supporting the prophylactic use of antifungal agents in patients with PN is
lacking. Also, the use of probiotic prophylaxis is not suggested for the prevention of infectious complic-
ations in AP[18,62,63].

MANAGEMENT OF NECROTIZING PANCREATITIS

The development of extensive PN is a main cause of complications and mortality in patients with SAP.
Therefore, it is very important to apply the best methods to identify patients with PN who require more
aggressive interventions than those who could be treated with less aggressive measures. Different
clinical entities, such as persistent pancreatic fluid collections, pancreatic fistula, persistent SIRS,
obstructive jaundice, and ongoing symptoms can be detected during SAP and they can predict the
severity of clinical course of the disease. Their management vary depending on the severity and the type
of complication, since different complications require different treatment modalities. The revised
Atlanta classification offers useful recommendations to determine the strategy for management of the
SAP complications[1,3-5,18,66].

Step-up approach
The step-up approach is used, in the treatment of infected PN, as a less invasive alternative approach
compared to early surgical necrosectomy. This approach is based on the statement that surgical
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debridement should be delayed until demarcation of necrotic from normal tissue is established, which
would reduce the risk of bleeding into the necrotic tissue during or after the surgical intervention.
Several studies that have conducted long-term follow-up of clinical outcomes in patients with AP have
shown that the step-up approach leads to a reduction in morbidity and mortality and should be
preferred over the classic surgical approach if both methods are technically feasible[4,8,18,67-71].

However, there are still certain disagreements regarding the comparison of the endoscopic and
surgical step-up approach. In a randomized trial, Bang et al[72], compared outcomes of the surgical vs
endoscopic step-up approach and they reported that the endoscopic was superior to the surgical step-up
approach in reducing major complications, lowered costs, and increased quality of life in patients with
infected PN[72]. Dutch Pancreatitis Study Group, in the TENSION trial, reported that the endoscopic
approach may be more suitable than the surgical step-up approach, in the treatment of infected PN,
based on favorable short-term outcomes. However, they presented that the endoscopic was not superior
to the surgical step-up approach in reducing death or major complications in patients with infected PN,
while the rate of pancreatic fistulas and length of hospital stay were lower in the endoscopy group[73-
75]. Most experts in the discussion of this issue point out that the endoscopic approach is the best
management for patients with infected PN, but that it is necessary to develop common protocols for
endoscopic approach, based on all the observations and suggestions[76-79]. Finally, it can be concluded
that, some segments of the step-up approach can be changed and improved, but its basic concept (delay,
drain, and debride) remains as the reference standard intervention for PN[71].

The role of abdominal paracentesis drainage in necrotizing pancreatitis

If necrotizing pancreatitis is associated with liquefied necrotic debris in the pancreatic and peripan-
creatic regions, with the presence of abdominal and/or pelvic fluid several authors[80-85] have
advocated the concept of removing the peritoneal fluid. The rationale for removing the peritoneal fluid
is to reduce inflammation and disease severity since the intra-abdominal fluid, accumulated during the
disease, may contain factors that trigger and increase the severity of AP, including proinflammatory
mediators and infection.

In general, abdominal paracentesis drainage (APD) has the role of a preparatory procedure before the
application of PCD with the intent to achieve better result than through conventional step-up approach.
Therefore, the integration of APD into a step-up approach is beneficial for patients, due to the fact that
this procedure removes great number of inflammatory factors from the seroperitoneum[82].

Management of sterile necrosis and acute fluid collections

Early in the course of AP, pancreatic inflammation, manifesting as partial or total PN, causes more
liquefied areas and leads to extravasations of enzyme-rich pancreatic juice into the peripancreatic
regions, with the consequent development of sterile necrosis and ANC. They usually resolve spontan-
eously and the vast majority of patients with sterile PN can be treated conservatively and without
interventional procedures (i.e. catheter drainage or necrosectomy). However, if unresolved spontan-
eously, they can lead to a poor clinical course and allow active pancreatic enzymes to initiate
physiologic pathways leading to MOF and sepsis[4,17].

Therefore, PCD or endoscopic drainage may be required in symptomatic patients with sterile PN and
persistent malaise characterized by abdominal pain, nausea, vomiting, and nutritional failure or with
associated complications, including gastrointestinal and/or biliary obstruction, persistent SIRS, or
fistulas[5]. Continuous PCD may justify this approach based on the concept that elimination of
cytokines and inflammatory mediators from initially sterile pancreatic juice collections may avoid or
prevent systemic complications in severe forms of AP[4,17,86-90]. Besides, in cases whereby a high
output of amylase-rich fluid continues to drain through the catheter, continued prolonged drainage is
necessary despite the sterility of the collection[91].

Treatment of infected PN

The development of secondary infection in PN is associated with increased morbidity and mortality
(15%-20%) and there is consensus that infected necrotic tissue should be removed in order to prevent
the sepsis[4,8,33,92,93]. A small proportion of patients with documented infected PN who remain
clinically stable can be managed with only conservative treatment and close monitoring, without
intervention[5]. The traditional method of treating patients with infected PN by laparotomy retains its
role in the treatment of the disease. However, surgical intervention is performed under general
anesthesia and causes significantly greater trauma compared to minimally invasive methods, with
possible consequent worsening of organ dysfunction, profuse bleeding and sepsis as well as post-
operative mortality[8,94,95]. Therefore, laparotomy should be delayed for as long as possible or avoided
in order to decrease mortality and morbidity rates[96]. Although there is no globally accepted treatment
modality and it should be tailored to each individual patient, the step-up approach starting with
monitoring and conservative measures, followed by PCD or endoscopic drainage and minimally
invasive VARD has been shown to produce superior outcomes to the traditional open necrosectomy in
the treatment of infected PN[4,8,18,66-72,97-99].
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Disconnected PD syndrome

Disconnected PD syndrome (DPDS) is anatomic condition which is usually seen in PN. Early in the
course of necrotizing pancreatitis, pancreatic inflammation causes extravasation of pancreatic secretion
into the pancreatic and perpancreatic tissues with the consequent development of sterile PN which may
lead to the PD disruption and interruption of continuity between the duct in the left sided pancreas and
the luminal gastrointestinal tract. In such clinical setting, when the PD has no continuity with the viable
tissue of the pancreas, this part no longer drains its contents into the duodenum, but produces a
persistent pancreatic fistula, there is a high probability of consequent peripancreatic collection formation
[1,18,100-102].

There are three types of DPDS: Concurrent (there is necrosis of the neck and body, but there is
perfusion of the tail of the pancreas), delayed (PPC or WON occupy the middle part of the gland but
with the perfused left-sided remnant of the pancreas) and DPDS associated with chronic pancreatitis
(PD is blocked by a stricture or calculus in the proximal part, leading to atrophy of the distal segment of
the duct and resulting in the formation of PPC)[1,102].

Standard treatment for DPDS is operative resection of the disconnected pancreas[103,104]. PN
causing DPDS could be initially treated with percutaneous[105], endoscopic, or minimally invasive
surgical techniques as temporary measures. However, elective distal pancreatectomy is mandatory in
most patients as definitive treatment for DPDS[106-108].

Pancreatic fistula

Pancreatic fistulas are the consequence of pancreatic autodigestion or necrosis that results in a persistent
PD disruption. Disruption of the PD secondary to PN causes the lack of continuity between PD and the
viable pancreatic tissue, so that this segment of the pancreas no longer drains into the duodenum, but
into the surrounding regions (usually in the pancreatic tail area) leading to its accumulation and PPC
formation[1,4,18,100]. However, pancreatic secretions can also reach distant sites, causing pancreatic
ascites, pleural effusion, distant PPC, or pancreatocutaneous fistula. According to that, pancreatic
fistulas can be divided into two groups: (1) Internal, in which the PD communicates with the peritoneal
or pleural cavity or some other hollow viscus; and (2) external, where the PD communicates with the
skin[1,4,100,105,109].

Treatment of pancreatic fistulas depends on both the site of duct disruption and presence or absence
of downstream ductal obstruction or DPDS. In the beginning of the disease, the management is usually
conservative including total parenteral nutrition and the administration of pancreatic secretory inhibitor
octreotide. However, if this management fails interventional procedures (Figure 2) and surgery are the
following options. Surgical intervention, for fistula treatment, is technically challenging and could be
followed with major complications[100-102,106-112].

Pancreatic WON

Pancreatic WON is a located WON of pus resulting from liquefaction of necrotic areas or secondary
infection of acute PPC, with or without communication with main PD. WON occurs at a relatively late
stage, most commonly three to five weeks after of onset of AP. APFCs tend to be poorly walled-off and
can leak into retroperitoneum, the peritoneal cavity, the mediastinum, the pleura or the soft tissues.
Pancreatic WON is a heterogeneous, low-density collection in a defined cavity containing gas bubbles
(Figure 3). CECT scanning is the diagnostic test of choice. Diagnosis may be confirmed by percutaneous
or endoscopic aspiration[113]. Asymptomatic WON does not mandate intervention and may resolve
spontaneously over a period of time[29]. Symptomatic WON generally requires intervention. The most
common treatment modality is PCD (Figure 2) or endoscopic drainage. Surgical drainage is done rarely,
only when percutaneous drainage is not successful[114-116].

PPC

A PPC is a fluid collection usually found near the pancreas that is formed by the secretion of pancreatic
juice from the inflamed parenchyma or from a disrupted duct. The PPC wall consists of fibrous non-
epithelialized tissue[42]. PPC can sometimes appear at a great distance from the pancreas (e.g. thorax,
groin) when the fluid dissects through tissue planes. At early stage of AP, APFC are common, but
majority of them regress spontaneously and need no treatment. About 5% of patients with APFC
develop PPCs, which are defined by their ellipsoidal shape and well-formed wall. Treatment for PPCs
varies depending on their size and the presence of symptoms. Asymptomatic PPCs, less than 50 mm in
diameter, should only be monitored by ultrasound. However, some of them may persist and progress to
produce complications such as pain, infection, gastric outlet, intestinal or biliary obstruction. These
PPCs are symptomatic and require treatment. The most common treatment modalities for symptomatic
PPCs are minimally invasive approaches, such as PCD or endoscopic drainage. Surgical drainage is
done rarely, only when percutaneous drainage is not successful[4,97,105,110,115-119].

Hemorrhage
Upper gastrointestinal bleeding is common in AP and usually results from stress ulcers, peptic ulcer
disease, or hemorrhagic gastroduodenitis. Massive hemorrhage occurs rare in AP, most commonly into
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Figure 2 Treatment of pancreatic walled-off necrosis and two fistulas by percutaneous drainage. A: Appearance of iodine via cutaneous fistula
after its instillation into the walled-off necrosis (WON); B: Retropancreatic WON with two fistulas. Fistula 1: Retropancreatic-percutaneous fistula; Fistula 2:
Retropancreatic-sigmoidal fistula. WON: Walled-off necrosis.

DOI: 10.3748/wjg.v29.i18.2747 Copyright ©The Author(s) 2023.

Figure 3 Ultrasound appearance of pancreatic walled-off necrosis after acute necrotizing pancreatitis. WON: Walled-off necrosis.

the gastrointestinal tract, the abdominal cavity or into the PD. Erosion of the great pancreatic or
peripancreatic vessel leads to rupture or formation of a pseudoaneurysm. The splenic artery is most
often affected vessel, followed by the pancreaticoduodenal and gastroduodenal arteries[42,63].
Pseudoaneurysm formation should be suspected if there are repeated episodes of gastrointestinal
bleeding, an increasing pulsatile abdominal mass and in patients with bloating and increasing
abdominal pain. Unfortunately, aneurysm rupture in these arteries mostly results in severe and life-
threatening bleeding. The diagnosis can be made by angiography or angio-CT. Sometimes, arterio-
graphy with embolization of bleeding vessel in order to stop the bleeding can be performed as a

temporary measure. Otherwise, some patients will require urgent surgery to stop the bleeding[33,63,
120].

How to prevent relapses of AP?

The prevention of relapses of AP starts with the current episode treatment. Potential etiologic causes
should be determined and adequately treated in order to prevent future relapses of the disease. This
implies an adequate and prompt diagnostic and therapeutic approach to patients with biliary stones and
sludge, as well as to patients with hyperlipidemia and hypercalcemial1,5,7,16].

AP caused by hyperlipidemia tend to develop more severe forms of the disease and up to 50% of
them develop SAP. Therefore, appropriate diet and drug management of the lipoprotein metabolic
disorders as well as alcohol abstinence are crucial in preventing relapses of pancreatitis[9-11].
Morphologic abnormalities and tumors also have to be excluded.

After discharge from the hospital, patients with AP should follow a diet without alcohol and high fat
food consumption, eating frequent small meals four to six times per day. A few months after the acute
phase of AP, patients can try to introduce a diet with a slightly increased fat content and grilled meat.
Patients should be warned that the next attack of AP could be more dangerous than the previous one, so
lifestyle changes are necessary to reduce the risk of disease relapse[16,121,122].
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CONCLUSION

AP is an inflammatory pancreatic disease that is characterized by inappropriate activation of
trypsinogen and destruction of secretory cells which leads to activation of inflammatory cells, fever, and
MOF. Diagnosis of AP is based on clinical, laboratory and imaging parameters, which are included into
prognostic scoring system, developed with the aim of predicting the severity of the disease. Advances
made in establishing diagnostic criteria for the severity and prognosis of AP have markedly influenced
therapeutic approach and reduced the mortality rate of the disease.

There are two treatment periods in AP: Initial management remains supportive, consisting of conser-
vative treatment which should be applied in both mild and severe forms of AP, while late management
incorporates the treatment of the SAP complications. Currently, the treatment of SAP complications has
shifted from early surgical approach to minimally invasive step-up strategy as the reference standard
intervention. However, AP is a complex disease and despite the existence of numerous criteria, it is
difficult to predict its clinical course. Additional researches, preferably randomized trials or prospective
collaborative studies, are required to increase understanding of the pathophysiology of the disease and
enable adequate responses to the diagnostic and therapeutic challenges, in order to improve the
management of particularly severe forms of AP.
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