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Preface

Pancreatitis is a common disease of the digestive system and one of the most 
common causes of death. Until relatively recently, pancreatitis has been extremely 
difficult to study and treat, and many problems of pancreatitis have not been 
clarified. The correct diagnosis of chronic pancreatitis at an early stage is difficult, 
and end-stage chronic pancreatitis or acute pancreatitis with extensive necrosis 
of the gland is tricky to treat. Within the past decade, revolutionary techniques in 
molecular biology and minimally invasive treatment have begun to give us dramatic 
new clinical tools for diagnosing and treating pancreatic disease. This book provides 
a comprehensive discussion of the anatomy and physiology of the pancreas, acute 
and chronic pancreatitis, and minimally invasive treatment in pancreatitis. It is 
hoped that this book will provide evidence for clinicians to make clinical decisions 
and provide scientists with a comprehensive overview of the current developments 
in this critically important area.

Qiang Yan
Department of General Surgery,

Huzhou Central Hospital,
Affiliated Huzhou Hospital,

Zhejiang University School of Medicine,
Huzhou, Zhejiang, China
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Chapter 1

Emergency Management of Acute 
Pancreatitis
Rezan Karaali and Firdes Topal

Abstract

Acute pancreatitis (AP) is the sudden inflammation of the pancreas, and it may 
be confined to the pancreas, or more life-threatening, affecting all organs and sys-
tems. AP is a common gastrointestinal condition Worldwide and is associated with 
cost to the health care system. It progresses mildly in 80% of patients and resolves 
with treatment, but in cases of severe AP, with mortality of around 30% recorded. 
In this section, we will discuss the first management of the AP in the emergency 
department. Because this is the period when management decisions can change the 
course of the disease and the length of stay in the hospital. In the management AP, 
approaches regarding the utility and timing of antibiotics, the timing and type of 
nutritional support, endoscopic retrograde cholangiopancreatography (ERCP) and 
cholecystectomy approaches are constantly being updated. Treatment is mainly 
related to the severity of the disease. With early diagnosis and treatment, most of the 
patients can be discharged, and the development of complications and mortality can 
be reduced. Therefore, emergency management is important in acute pancreatitis.

Keywords: acute pancreatitis, complications, diagnosis, emergency, management

1. Introduction

1.1 Definition and incidence

Acute pancreatitis (AP) refers to the sudden inflammation of the pancreas, and 
it may be confined to the pancreas, or more life-threatening, affecting all organs 
and systems [1–5]. Recurrence is experienced in 15–30% of patients, and 5–25% can 
develop chronic pancreatitis. It progresses mildly in 80% of patients and resolves 
with treatment, but in cases of severe AP, complications such as organ failure and 
pancreatic necrosis may develop, with mortality of around 30% recorded in this 
group [2, 4, 5]. AP is an acute gastrointestinal disease that requires hospitalization, 
and is the most common cause of admission to the emergency room worldwide 
[1, 6, 7]. Hospital admissions for AP in the United States are in the region of 
270,000/year, with a mortality rate of 30% in severe cases. Death is due to systemic 
inflammatory response syndrome (SIRS) and organ failure in the first two weeks, 
while death after two weeks can be attributed to sepsis and complications [3, 6, 8, 9].

1.2 Etiology

Gallstones are the most common etiology of AP, being responsible for 40–70% of 
AP cases [10–12]. The ease at which small gallstones can pass into the bile duct make 
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AP more common in this patient group [13]. Although alcohol is commonly blamed 
as the second most common cause, the link between alcohol and AP is unclear, as AP 
is seen in only a small number of alcoholics [2, 14, 15]. Recent studies have suggested 
that alcohol increases the oxidative metabolism in the acinar cells of the pancreas, 
thereby causing mitochondrial dysfunction and cell death. This increases also the 
production of acetaldehyde in the pancreatic stellate cells, and increases circulating 
lipopolysaccharide and tumor necrosis factor alpha (TNFα), leading to fibrosis in the 
pancreas [16, 17]. Alcohol has also been reported to increase the viscosity of pancre-
atic juice and to cause ductal obstructions. That said, it has also been suggested that 
genetic factors play a role in the development of AP,based on the low incidence of AP 
in people with chronic alcohol consumption [2, 15, 18]. Other causes have been iden-
tified as Hypertriglyceridemia (HTR), and diabetes, hypothyroidism, pregnancy 
and obesity that cause HTR [1]. Patients with a body mass index (BMI) >35 are at 
risk of both HTR and AP, while those with serum triglyceride levels >1000 mg/dl are 
at greater risk [19–21]. Following endoscopic retrograde cholangiopancreatography 
(ERCP) performed by inexperienced practitioners, patients with Sphincter of Oddi 
dysfunctions may develop AP following ERCP due to difficult cannulation [22].

AP can also occur due to drugs at a rate of 0.1–0.5% [2, 23–25]. Many drugs 
have been identified that cause acute pancreatitis. Drugs cause AP by different 
mechanisms. While some drugs cause direct toxicity to the pancreas (eg, diuretics, 
sulfonamides), some drugs cause acute pancreatitis by causing an immunological 
reaction (eg, 6-mercaptopurine, amino salicylates, sulfonamides). Diuretics and 
azothiopurine cause direct ischemia, while hormones such as steroids and estrogen 
cause vascular thrombosis or ischemic pancreatitis by decreasing the viskosity of 
the pancreatic juice. Toxic metabolites of drugs such as valproic acid and tetracy-
cline may accumulate in the pancreas and cause pancreatitis [2, 26, 27].

AP cases have been reported associated with such infectious diseases as Mumps, 
Coxsackievirus, Hepatitis B, Cytomegalovirus, Varicella-Zoster, herpes simplex 
and human immunodeficiency virus (HIV) among the viruses; with Mycoplasma, 
Legionella, Leptospira and Salmonella among the bacteria; with Aspergillus among 
the fungi; and with Toxoplasma and Cryptosporidium among the parasites [2, 27, 28]. 
There have been reports of cases of AP with the recent SARS-CoV-2 infection at the 
heart of the current global pandemic [29, 30]. In a review of current literature, AP was 
found to be detected in 17% of patients hospitalized due to Covid-19 [29]. Although 
tests for specific infectious agents are not generally recommended in AP patients, 
Covid-19 infection should also be kept in mind in AP cases during the pandemic [30].

Concerning other rare causes, pancreatic injury following trauma is an extremely 
rare condition due to its retroperitoneal nature. Pancreatic duct injuries may occur 
due to blunt or penetrating traumas [31], while AP may occur due to gallbladder 
sludge, tumors, autoimmune pancreatitis, hypercalcemia, anatomical and physi-
ological anomalies (pancreatic divisum, biliary cysts, pancreaticobiliary malunion, 
large juxta-ampullary diverticula, annular pancreas and Sphincter of Oddi dysfunc-
tion), and vasculitis [27, 32–36]. Ischemic AP can also be seen after major cardiovas-
cular operations [27, 37, 38]. Patients with an unknown etiology after history-taking, 
physical examination, laboratory tests, imaging methods and advanced tests are 
classified as idiopathic. In the event of recurrent AP attacks in this patient group 
and AP at a young age, genetic factors should be investigated [27, 39].

1.3 Pathogenesis

As its main mechanism, AP blockades the secretion of enzymes while the 
synthesis of enzymes continues [2, 40]. Under normal conditions, trypsinogen is 
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produced in the pancreas and secreted into the duodenum where it is converted 
into protease trypsin, but in cases where secretion is blocked, trypsin continues to 
be produced in pancreatic acinar cells. While activation continues, elimination is 
inhibited, and the active trypsin damages the vascular endothelium, interstitium 
and acinar cells [2, 40, 41]. As a result, autodigestion begins in the pancreas,and 
ischemia occurs at a tissue level in the pancreas due to the vasoconstriction and 
stasis of the capillary vessels. The activation of granulocytes and macrophages in 
response to these events causes a release of proinflammatory cytokines (tumor 
necrosis factor, interleukins 1, 6 and 8), arachidonic acid metabolites (prostaglan-
dins, platelet activating factor and leukotrienes), proteolytic and lipolytic enzymes, 
and reactive oxygen metabolites [2, 27, 42, 43]. All of these factors together cause 
damage to the pancreatic tissue. In general, the inflammation is locally self-limiting, 
buton occasions, inflammatory agents may cause a systemic response, leading to the 
damage and failure of distant organs. This, in turn, may result in Acute Respiratory 
Distress Syndrome (ARDS), pleural effusion, acute renal failure, shock, and even 
death [2, 27, 44, 45].

2. Clinical features

Patients withAP present to the emergency room with sudden and severe abdom-
inal pain that usually starts in the epigastric region. In patients with gallstones, the 
pain spreads to the right upper quadrant and is more sharply limited. In 50% of 
patients, the pain spreads to the back, and is felt around the entire abdomen, like a 
belt. Nausea and vomiting may accompany,and in rare cases there may be pain on 
the left side of the abdomen [2, 46–49].

Physical examination findings can vary, depending on the severity of AP and 
any accompanying diseases. Initial findings typically include mild or generalized 
tenderness upon abdominal palpation, distension and diminished bowel sounds. 
In cases of obstruction due to gallstones, jaundice may be observed, while in severe 
AP, fever, hypotension, tachycardia, tachypnea and hypoxemia may be observed. 
In cases of pancreatic necrosis, ecchymotic lesions can be seen in the periumbilical 
region (Cullen’s sign) or on the flanks (Gray Turner’s sign) [2, 27, 50, 51].

3. Diagnosis

Diagnosis is established based on the presence of two of three criteria: 
1) Presence of clinical findings consistent with AP, 2) serum lipase or amylase 
 levels three times greater than normal, and 3) characteristic findings of AP on 
imaging [2, 27, 47, 48, 52].

3.1 Laboratory

In AP, enzymes pass from the basolateral membrane to the interstitial area, and 
then on to the systemic circulation due to the blockade of the secretion ofpancreatic 
enzymes, while the synthesis of enzymes continues, resulting in increased levels of 
pancreatic enzymes in the blood.

At the onset of AP, serum amylase starts to increase within 6–12 hours, peaks at 
48 hours, and returns to normal within 3–5 days, although no increase in amylase 
levels will be observed in alcohol-induced pancreatitis and AP due to hypertri-
glyceridemia. Sensitivity and specificity in diagnosis are 67–83% and 85–98%, 
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respectively [2, 27, 48, 53, 54]. Elevated amylase levels may also be seen in non-
pancreatic diseases, such as renal failure, salivary gland diseases, acute appendi-
citis, cholecystitis, perforations, intestinal obstructions or intestinal ischemia, 
and gynecological diseases. For these reasons, amylase alone is not sufficient for 
a diagnosis of AP [2, 48, 49]. The increase in serum lipase levels in AP is more 
specific. Following the onset of symptoms, the levels begin to increase within 
8–10 hours, peak at 24 hours, return to normal within 8–14 days, with a sensitivity 
of 82–100% [2, 48, 53, 55], and may increase in alcohol-induced AP and AP due 
to hypertriglyceridemia. It is useful in delayed patients who present 24 hours after 
the onset of pain [48, 55, 56]. Aside from amylase-lipase, liver and kidney tests,a 
complete blood count should also be made in AP, as this will allow the assessment 
of the patient’s clinical condition, the early identification of complications and 
the detection of organ failure, and will aid in a therapeutic evaluation. An alanine 
aminotransferase (ALT) liver function test value in excess of 150 U/L indicates 
gallstones [2, 47, 52]. There are also specific tests for AP that are not routinely 
used. Among the enzymes with early elevation are trypsinogen-activating pep-
tide, urinary and serum trypsinogen and trypsin, phospholipase, carboxypep-
tidase, carboxyl ester lipase, colipase and pancreatic isoamylase [57–59], and an 
increase is also observed in inflammatory mediators such as C-reactive protein 
(CRP), interleukin IL-6, IL-8, IL-10, tumor necrosis factor (TNF) and PMN 
elastase. The elevation of inflammatory mediators is usually proportional to the 
severity of AP. A CRP level above 150 mg/dl within the first 48 hours has been 
associated with severe AP [60, 61].

3.2 Imaging

Imaging can aid in determining the etiology of AP, or complications due to AP. 
Abdominal and chest radiographs may reveal appearances of pleural effusion, 
atelectasis and ileus accompanying AP. Radiographs should be evaluated to rule out 
other causes of abdominal pain. Abdominal ultrasound should be performed on 
every patient with suspected AP, and USG can detect findings that support AP, if 
present, such as gallstones, obstructions in the common bile duct, intraabdominal 
free fluid and diffuse enlarged and hypoechoic appearance in the pancreas, as well 
as peripancreatic fluid, necrosis and abscesses. A normal USG cannot exclude AP 
[2, 27, 47, 48, 52, 62], while Contrast-Enhanced Computed Tomography (CECT) has 
a sensitivity of 90% in the diagnosis of AP. However, AP is not routinely recom-
mended for diagnosis, since it is mild and uncomplicated in most patients [2, 47, 
48, 52], but may be recommended in cases where other causes of acute abdomen 
cannot be excluded, or for patients who show no improvement within 48–72 hours 
[48, 63, 64].

Among the patients considered for CECT, MRI is recommended rather that 
CECT for those with renal failure, pregnant patients and those with allergies to IV 
contrast agents [48, 63].

Serum triglyceride levels must be examined in patients with normal test results, 
but with a strong suspicion of AP, in those with pancreatic tumors aged over 
40 years, in the presence of genetic factors in patients under the age of 30 and in 
recurrent AP cases [39, 48].

3.3 Differential diagnosis

Other diseases that may cause abdominal pain should be excluded in a differen-
tial diagnosis.In particular, peptic ulcer disease, choledocholithiasis, cholangitis, 
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biliary obstruction, cholecystitis, perforated viscus, intestinal obstruction, mes-
enteric ischemia and hepatitis should be considered in differential diagnosis due to 
their clinical similarities to AP [2, 27].

4. Initial management

AP can be classified into two groups as mild AP, in which patients have no 
accompanying organ failure, and recover and can be orally fed within 48 hours; and 
severe AP, which is accompanied by organ failure and a lack of response to treat-
ment. Most patients with severe AP have not suffered organ failure at the time of 
admission to emergency room, and so may be evaluated as mild AP,but deteriorate 
rapidly due to inadequate hydration and inadequate treatment. As such, the severity 
of the disease should be determined along at the time of diagnosis in the emergency 
room, and treatment should be planned accordingly [47, 48, 52, 65].

According to the Atlanta classification, severe AP is characterized by resistant/
persistent organ failure with no improvement within 48 hours, although in the 
absence of organ failure, the presence of local complications alone is an indicator of 
severe AP [66]. Patients who develop transient organ failure alongside local compli-
cations are classified as moderately severe AP (Table 1). The Atlanta classification 
evaluates the presence of organ failure based on Marshall’s organ failure criteria. 
Accordingly, the presence of shock (systolic BP <90 mmHg), pulmonary failure 
(PaO2 < 60 mmHg), renal failure (creatinine >2 despite adequate hydration), and/
or the presence of gastrointestinal bleeding (>500 ml blood loss within 24 hours) 
should be evaluated as organ failure [48, 52, 67].

Besides the Atlanta classification, several scoring systems have been proposed 
for the determination of the severity in AP. These include Ranson’s criteria,Acute 
Physiology and Chronic Health Examination-II, modified Glasgow score, Bedside 
Index for Severity in Acute Pancreatitis and the Balthazar CT Severity Index,none 
of which has been shown to be superior to any other, and they have only limited 
use in the emergency room, as they rely on too many parameters, and some give 
results only after 48 hours [68, 69]. The assessment of the patient in the emergency 
department is of utmost importance, with patient-related risk factors such as age, 
weight, comorbidities and vital signs as well as laboratory findings all being evalu-
ated together (Table 2) [47, 52, 56, 65].

Mild AP Moderately AP Severe AP

Absence of local 
complications

Local complications
Peripancreatic fluid collection
Pancreatic or peripancreatic 
necrosis(sterile or infected)
Gastric outlet disfunction
Splenic or portal vein thrombosis
Colonic necrosis
AND/OR

Persistent organ  
failure > 48 h
GI bleeding (>500 cc/24 hr)
Shock – SBP < 90 mmHg
PaO 2 < 60%
Creatinine >2 mg/d

Absence of organ failure Transient organ failure < 48 h

GI bleeding (>500 cc/24 hr)
Shock – SBP < 90 mmHg
PaO 2 < 60%
Creatinine >2 mg/d

Table 1. 
Atlanta classification 2015.
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5. Treatment

5.1 Fluid replacement

The initial approach to AP involves aggressive fluid therapy, pain management 
and nutritional support. In AP, there is a large amount of fluid deficit due to losses 
from vomiting, reduced oral intake, passage of fluid into the third space, respiration 
and sweating. If the patient has no additional cardiovascular or renal disease, fluid 
replacement should be initiated at 5–10 ml/kg/hour. For patients presenting with 
evidence of hypovolemia and shock, 3 ml/kg of fluid should be given for 8–12 hours 
following a fluid bolus of 20 ml/kg in 30 minutes, with isotonic normal saline 
preferred as the fluid [47, 48, 52, 70–72]. A prospective study found hydration with 
Ringer’s lactate solution to be more beneficial, although Ringer’s lactate solution has 
been shown to activate trypsin in acinar cells, thereby making the patient more sus-
ceptible to injury due to its low pH. With normal saline, there is a risk of developing 
non-anion gap metabolic acidosis, and patients should be monitored accordingly 
during fluid replacement [2, 72]. An assessment should be made after 6, 24 and 
48 hours to as certain whether the fluid administered is sufficient. With adequate 
hydration, the heart rate should drop below 120/min, mean arterial pressure 
(MAP) should be maintained between 65 and 85, and hematocrit (HCT) should be 
35–44%. If the BUN value is initially high, a decrease upon hydration is an indica-
tor of adequate hydration. Changes in blood urea nitrogen (BUN) values within 
the first 24 hours are particularly important [27, 47, 48, 73, 74]. If the BUN values 
continue to be high, or increase even further, acute tubular necrosis or resistant vol-
ume deficit should be suspected [27, 47, 52, 65, 75]. Another parameter that should 
be monitored during hydration is hematocrit. Continued hemoconcentration for 
more than 24 hours suggests the development of necrotizing pancreatitis, and so 
the patient’s urine output, BUN and HCT values should be closely monitored. The 
development of severe pancreatitis should be considered in patients who do not 
respond to aggressive hydration for 6–12 hours [47, 48, 52].

5.2 Pain management

Adequate hydration and the resolution of hypovolemia relieve ischemic pain 
secondary to hemoconcentration. Nevertheless, opioid analgesics are recommended 
for rapid pain management. Fentanyl can be used safely, especially in patients with 
kidney failure, in which intravenous (IV) fentanyl of 20–50 microgram is adminis-
tered slowly over 10 minutes. Meperidine can be used as an alternative to morphine 
due to the spasm effect of morphine on the Sphincter of Oddi [2, 27, 76, 77].

Patient 
characteristics

The systemic inflammatory 
response syndrome (SIRS)

Laboratory 
findings

Radiology findings

Age > 55 years
Obesity (BMI 
>30 kg/m2)
Altered mental 
status
Comorbid disease

• pulse >90 beats/min
• respirations >20/min or 

PaCO2 > 32 mmHg
• temperature > 38°C or < 36°C
• WBC count >12,000 or < 4,000 

cells/mm3 or > 10% immature 
neutrophils (bands)

BUN 
>20 mg/dl
Rising BUN
HCT >44%
Rising HCT
Elevated 
creatinine

Pleural effusions
Pulmonary infiltrates
Multiple or extensive 
extrapancreatic 
collections

Table 2. 
Initial assessment for risk of severe AP.
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5.3 Monitoring

AP patients should be followed closely for 24 hours, with continued monitor-
ing of blood pressure, temperature, pulse, oxygen saturation and urine output. 
Blood tests should be monitored for hematocrit, BUN and electrolytes (calcium, 
magnesium), and blood glucose should be maintained between 180 and 200 mg/
dl [2, 27, 52]. Intensive care follow-up is required for patients whose vital signs and 
laboratory values are unstable and / or continue (Table 3) [52].

5.4 Nutrition

It is no longer recommended to stop oral intake until the AP has fully resolved 
and the enzymes have returned to normal limits in order to put the pancreas at rest. 
Patients ceasing oral intake may develop atrophy in the mucosa of gastrointestinal 
tract [27, 47, 48, 52, 78, 79], and so oral feeding should be initiated in patients with-
out nausea, vomiting or ileus and with relieved pain, as soon as they can tolerate 
[47, 48, 52, 79–81]. Liquid, light and low-fat foods should be given at first [82]. In cases 
of severe AP, enteral feeding may be initiated in patients who are still unable to toler-
ate oral feeding after 5 days, and in those with complications. For enteral nutrition, a 
nasojejunal or nasogastric tube should be used for feeding. A nasogastric tube insertion 
may be easy, but there is a risk of aspiration, while a nasojejunal tube requires an opera-
tion. Depending on the conditions, both methods can help provide effective nutrition 
[47, 48, 82]. If the goal of enteral nutrition is not achieved within 48–72 hours, or if the 
patient cannot tolerate, parenteral nutrition should be initiated [80, 81, 83].

5.5 Antibiotics

20% of patients develop extrapancreatic infections that may be cholangitis, 
catheter infection, urinary tract infection or pneumonia. Prophylactic ABs, even 
if severe, are not routinely recommended in AP without an unidentified focus of 
infection or presence of infection. ABs for infective necrosis prophylaxis are not 
recommended, even for patients with sterile necrosis [2, 27, 47, 48, 52, 65, 84, 85].

6. Management of complicatıons

If, during the follow-up of moderately severe or severe AP patients, signs of 
sepsis appear, no improvement occurs within 72 hours or the condition deteriorates 
gradually, then complications should be suspected and a CECT should be performed.

Vital signs Laboratuary findings Patient condition

pulse <40 or > 150 beats/min;
systolic arterial 
pressure < 80 mmHg 
(<10.7 kPa)
or mean arterial pressure < 60
or diastolic arterial 
pressure > 120 mmHg
respiratory rate > 35 breaths/
min;

serum sodium <110 mmol/l 
or > 170 mmol/l;
serum potassium<2.0 mmol/l 
or > 7.0 mmol/l;
paO2 < 50 mmHg
pH < 7.1 or > 7.7;
serum glucose >800 mg/dl 
(>44.4 mmol/L); mmol/L);
serum calcium >15 mg/dl (>3.75

coma.
Furthermore, a patient with 
severe acute pancreatitis as 
defined by the revised Atlanta 
Classification (i.e. persistent 
organ failure)

Table 3. 
Assessment for intensive care.
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6.1 Local complications

6.1.1 Acute peripancreatic fluid collection

Acute peripancreatic fluid collection occurs early, and has no specific wall. 
It resorbs spontaneously [27, 48].

6.1.2 Necrotizing pancreatitis

Necrotizing pancreatitis can involve both the pancreas and peripancreatic 
tissues. A variable amount of fluid and necrotic tissue may develop within the 
necrosis,and is known as Acute Necrotic Collection (ANC) when a clear wall cannot 
be defined, and as Wall-off Necrosis (WON) when there is a mature, encapsulated 
and well-defined wall. WON is a pancreatic pseudocyst that occurs around 4 weeks 
after an AP attack, and that has a noticeable wall, for which drainage may be 
required. In either case, the necrotic area may be sterile or infected, and the type of 
treatment is determined based on the presence or absence of infection [84, 86–88].

6.1.2.1 Infected necrosis

Infection should be suspected in patients with pancreatic or extrapancreatic 
necrosis upon clinical deterioration or a lack of improvement within 7–10 days 
of hospitalization. Infectious agents are usually of intestinal origin (such as 
Escherichia coli, Pseudomonas, Klebsiella and Enterococcus), and may be sus-
pected with the emergence of clinical signs of infection in patients and the presence 
of gas around the pancreas on imaging [89, 90]. Empirical AB may be initiated in 
these patients, with ABs that can penetrate the pancreas well (carbapenem alone; 
or quinolone, ceftazidime, or cefepime combined with an anaerobic agent such as 
metronidazole)being recommended [27, 47, 48]. Fine needle aspiration (FNA) or 
sampling is not recommended in such patients. Necrosectomy may be scheduled 
for patients who show no improvement, but should be delayed as much as possible, 
since many patients respond well to AB therapy [48, 90–92]. Antibiotic therapy 
should have been completed 4 weeks prior to a decision of necrosectomy. For the 
necrestomy, endoscopic or invasive percutaneous procedures should be tried first, 
and if these fail, surgery should be scheduled [47, 48, 52, 91–93].

6.1.2.2 Sterile necrosis

In patients with necrotizing pancreatitis, sterile necrotizing pancreatitis should 
be suspected when there is no improvement despite treatment, and no clear clinical 
or imaging findings of infection. In such cases, FNA sampling is indicated, and if 
the collected material is sterile, there is no need to continue the ABs. Even ABs can-
not prevent sterile necrosis from turning into infected necrosis [47, 52, 94]. In sterile 
necrosis in the absence of any sign of infection, interventions will be required in the 
following cases:

• Continued obstruction of the gastric outlet, intestine or bile ducts, caused by 
mass effects after 4–8 weeks following the onset of acute pancreatitis.

• Persistant symptoms (e.g. abdominal pain, nausea, vomiting, anorexia or 
weight loss) identified more than eight weeks following the onset of acute 
pancreatitis.
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• Disconnected duct syndrome (full transection of the pancreatic duct) with 
persistent symptomatic collections with necrosis (e.g., pain, obstruction) more 
than 8 weeks following the onset of acute pancreatitis.

Aside from these, CT and FNA should be repeated 5–7 days later in patients 
with sterile necrosis detected by CECT and FNA, but with signs of systemic 
 toxicity [48, 52].

The much rarer complications include peripancreatic vascular complications, 
splanchnic vein thrombosis, abdominal compartment syndrome and pseudoaneu-
rysm. Furthermore, patients may risk developing diabetes in the following periods 
[27, 52, 95].

6.2 Systemic complications

Respiratuar insufficiency includes pneumonia, atelectasis, and ARDS. Renal 
complications are prerenal azotemia, hypotansion and acute tubuler necrosis. 
Shock is caused by third space losses, vomiting and interstitial edema. Hypo-
hyperglicemia, coagulation disorders, fat necrosis and pancreatic encphalophaty are 
other rare systemic complications of AP [27].

7. Management of predisposing underlying conditions

7.1 Nonsurgical management

The detection and treatment of the underlying diseases that cause AP are as 
important as AP itself. Most gallstones that pass into the common bile duct advance 
to the intestines, and are excreted with feces. However, stones that cause obstruc-
tions to the pancreatic duct and/or biliary ducts may result in severe AP and/or chol-
angitis. ERCP is recommended within the first 24 hours for AP patients with stones 
detected as causing an obstruction. The removal of stones by via a sphincterotomy 
with ERCP prevents both severe AP and the cholangitis and future development 
of biliary AP. ERCP should be performed within the first 24 hours in AP patients 
due to gallstones accompanied by acute cholangitis. A papillotomy, or the surgical 
removal of stones, with ERCP reduces the severity of AP [48, 52, 96–98]. It has been 
reported that mortality decreases with early ERCP in patients with no cholangitis, 
with biliary duct obstructions, and with elevated liver function test scores. That 
said, it is unnecessary to perform ERCP within the first 24 hours on patients with 
no increase in liver function tests, with therapeutic ERCP recommended for such 
patients before or during the cholecystectomy. It is recommended that EUS and 
MRCP be performed prior to ERCP in patients without cholangitis or jaundice, but 
with suspected choledocholithiasis, pregnant women and patients on whom ERCP 
cannot be performed anatomically [47, 48, 52, 65, 99].

7.2 Surgical managment

The removal of stones through the use of ERCP in patients without cholangitis can 
prevent the development of AP in the future, but it cannot prevent the development 
of biliary colic or cholecystitis. Accordingly, cholecystectomy is recommended prior 
to discharge in patients with mild AP and with gallstones [47, 48, 52, 65, 100–103].  
Preoperative MRCP or EUS, or intraoperative cholangiography may be carried out 
for the selection of patients with common bile duct stones who need to be treated 
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through an operative bile duct exploration or endoscopic sphincterotomy during 
a cholecystectomy [48, 52, 99]. A cholecystectomy may be avoided in ineligible 
elderly patients (>80 years of age), particularly if a sphincterotomy has already 
been performed [48, 52, 96, 97]. A cholecystectomy should be performed in 
patients with gallbladder sludge and AP. In patients with necrotizing biliary AP, 
cholecystectomies should be delayed until the active inflammation subsides and 
fluid collections have resolved or stabilized. If collection takes longer than 6 weeks 
to resolve, the cholecystectomy should be delayed until it can be performed safely 
[47, 48, 52, 65]. Asymptomatic pseudocysts and pancreatic and/or extrapancreatic 
necrosis require no surgical intervention, regardless of the size, location and/or 
extension. In asymptomatic patients with infected necrosis, surgical, radiological 
and/or endoscopic drainage should be delayed for more than 4 weeks to allow for 
the liquefaction of the content and the development of a fibrous wall around the 
necrosis (WON). Minimally invasive necrosectomy methods are preferred in symp-
tomatic patients with infected necrosis [47, 48, 52, 84, 87]. Percutaneous drainage 
and/or endoscopic drainage/debridement are minimally invasive alternatives to 
open surgery [104].

Percutaneous CT-guided catheter drainage: The procedure is performed 
under local anesthesia. Depending on the size and location of the necrosis, the 
catheter is placed under CT guidance. Irrigation with saline every several days 
after insertion [105, 106]. Although percutaneous catheter drainage was used for 
patients who are too unstable to undergo surgical debridement, approximately one 
third to one half of patients can be managed with this method alone [106, 107]. The 
only disadvantage of this method is the risk of persistent pancreatico-cutaneous 
fistula [108].

Endoscopic debridement: It is performed via transgastric or transduedonal 
[104, 105, 109]. Cystenterostomy is created using wire-guided balloon dilators. 
Mechanical debridement is performed using snares, baskets, and stone retrieval 
balloons. Following this, a stent is placed in the cavity. The flow of necrotic 
contents into the stomach or duodenum is provided [109]. Minimally invasive 
operative approaches are preferred to open surgical necrosectomy and given lower 
morbidity [110].

8. Conclusion

Although new guidelines have been published, there are several knowledge gaps 
identified in the initial management of the AP. Risk stratification of patients with 
AP is important to ensure the appropriate level of care. Therefore, there is a need to 
develop fast, easy and practical systems that can be used in the emergency room. 
There is also a need to define targeted therapies in AP. Future research will enable 
prevention of relapse, chronicity, and cancer development, improvement of quality 
of life and reduction of mortality.
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Necrotizing Pancreatitis: Step Up 
Approach
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Abstract

Acute pancreatitis (AP) is a inflamatory condition of the pancreatic gland with 
or without involvement of peripancreatic tissues and distant organs. The incidence 
of AP is 20–35 cases per 100,000 inhabitants per year, with an overall mortality 
of 2–10%. In recent decades the incidence of AP has increased globally. Most cases 
follow a mild, self-limiting course, but 10–20% of patients develop a severe form with 
systemic and local life-threatening complications of pancreatic and peripancreatic 
necrosis come about 20–40% of patient with severe AP and aggravate organ func-
tions. The traditional approach to the treatment of necrotizing pancreatitis with 
secondary infection of necrotic tissue is open necrosectomy to remove the infected 
necrotic tissue. But this is associated with high rates of complications, death and 
pancreatic insufficiency. The benefits of sequential treatment in cases of infected 
necrosis (“Step an approach”) compared to traditional open necrosectomy, showing 
less morbidity and lower costs. The sequential treatment is an alternative to open 
necrosectomy, including percutaneous drainage, endoscopic (transgastric) drainage, 
and minimally invasive retroperitoneal necrosectomy. With this approach, up to 35% 
of patients can be treated only with drainage, to avoid necrosectomy and to reduce the 
percentage of complications. In this chapter we present the step-by-step approach.

Keywords: necrotizing pancreatitis, step up approach, acute pancreatitis, 
percutaneous, endoscopic, necrosectomy

1. Introduction

Acute pancreatitis (AP) is a inflamatory condition of the pancreatic gland 
with or without involvement of peripancreatic tissues and distant organs [1]. The 
incidence of AP is 20–35 cases per 100,000 inhabitants per year, with an overall 
mortality of 2–10%. In recent decades the incidence of AP has increased globally 
and is expected to increase even more. The most common cause is biliary lithiasis, 
which accounts for about 40–50%. The alcohol, predominantly in males, is the 
second most common cause, at over 30% and 10–25% the cause is unknown.

Most cases follow a mild, self-limiting course, but 10–20% of patients develop 
a severe form with systemic and local life-threatening complications of pancreatic 
and peripancreatic necrosis come about 20–40% of patient with severe AP and 
aggravate organ functions [2–6]. Infected necrotic tissue is defined as a gram 
positive of pancreatic or peripancreatic necrotic tissue obtained by means of 
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fine-needle aspiration or from the first drainage procedure or operation, or the 
presence of gas in the fluid collection on contrast-enhanced computer tomography 
(CT). Suspected infected necrosis is defined as persistent sepsis or progressive 
clinical deterioration in the intensive care unit without documentation of infected 
necrosis. Failure of one or more organs occurs in 40% of these patients with pan-
creatic necrosis and on rare occasions it can also occur in cases without necrosis. 
Mortality amounts to 30% when infection of the pancreatic and/or peripancreatic 
necrosis is present [7].

The traditional approach to the treatment of necrotizing pancreatitis with 
secondary infection of necrotic tissue is open necrosectomy to remove the infected 
necrotic tissue. But this is associated with high rates of complications, death and 
pancreatic insufficiency. The studies show that death rates from open pancreatic 
necrosectomy are between 10–40% [8–10]. The management of AP has evolved 
greatly in recent years thanks to a better understanding of pathophysiology, the 
improvement of the therapeutic arsenal of intensive care units, nutritional sup-
port, conventional and interventional radiology techniques and surgical treat-
ment. Recently, a randomized trial called “PANTER” very well designed study by 
the Dutch Pancreatitis Study Group, demonstrated the benefits of sequential treat-
ment in cases of infected necrosis (“Step an approach”) compared to traditional 
open necrosectomy, showing less morbidity and lower costs [7]. The sequential 
treatment is an alternative to open necrosectomy, less invasive techniques, includ-
ing percutaneous drainage, endoscopic (transgastric) drainage, and minimally 
invasive retroperitoneal necrosectomy. The importance of step up approach is that 
the first step is percutaneous or endoscopic drainage of the collection of infected 
fluid to mitigate sepsis and this step may postpone or even obviate surgical 
necrosectomy. If the drainage does not take to clinical recovery, the next step is 
minimally invasive retroperitoneal necrosectomy. With this approach, up to 35% 
of patients can be treated only with drainage, to avoid necrosectomy and to reduce 
the percentage of complications [7].

2. Clasification acute necrotizing pancreatitis

Before to describe the management of infected necrosis, we need to know the 
classification of acute pancreatitis [11, 12].

The severity of acute pancreatitis can be defined as mild, moderately severe, or 
severe according to the revised Atlanta classification (Table 1).

• Mild acute pancreatitis: absence of organ failure or local and/or systemic 
complications.

• Moderate acute pancreatitis: organ failure, and/or transient local or systemic 
complications that resolve within 48 hours maximum. Mortality in this group 
is less than 8%.

Mild acute pancreatitis absence of OF or local and/or systemic complications

Moderate acute pancreatitis OF and/or transient local or systemic complications <48 hours

Severe acute pancreatitis OF and/or transient local or systemic complications >48 hours

Potentially severe acute pancreatitis OF or warning pancreatic sign (Table 2)

Table 1. 
Clinical classification of pancreatitis (OF: Organ failure).
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• Severe acute pancreatitis: continued organic failure over 48 hours accompanied 
by local and/or systemic complications. Mortality in this group is 36–50%.

• Potentially severe acute pancreatitis: organ failure or a warning sign at the 
beginning of its evolution (Table 2), and therefore requires closer monitor-
ing, to anticipate the development of transitory, persistent organ failure or 
pancreatic infection. The need to detect and treat patients who are developing 
organ failure with invasive resuscitation measures as early as possible has 
been demonstrated with a strong degree of recommendation and a high level 
of evidence.

There is another classification of AP severity that adds another step to the sever-
ity of these processes: Acute critical pancreatitis, in which persistent organ failure 
(OF) coexists with necrosis infection, described in 2012 by Petrov et al.

Classification according to radiological characteristics according to the Atlanta 
Classification:

• Interstitial o edematous pancreatitis: the pancreas is enlargement due to inflam-
mation or edema. The pancreatic parenchyma shows homogeneous enhance-
ment, and the peripancreatic fat usually shows some inflammatory changes. 
Besides there may be some peripancreatic fluid. The clinical symptoms of 
interstitial o edematous pancreatitis usually resolve within the first week.

• Necrotising pancreatitis: about 5–10% of patients develop necrosis of the pan-
creatic parenchyma, the peripancreatic tissue or both. Necrotising pancreatitis 
shows necrosis involving the pancreas and peripancreatic tissues and less com-
monly as necrosis of only the peripancreatic tissue or pancreatic parenchyma 
alone. The natural history of pancreatic and peripancreatic necrosis is variable, 
because it may remain solid or liquefy, remain sterile or become infected, per-
sist or disappear over time. The presence of infection can be proved by extralu-
minal gas in the pancreatic and/or peripancreatic tissues or when percutaneous 
fine-needle aspiration is positive for bacteria and/or fungi on Gram.

Local complications of acute pancreatitis:

• Acute peripancreatic liquid collection: presence of peripancreatic liquid in 
the context of edematous interstitial pancreatitis. It occurs in the first 4 weeks 

Characteristics of 
patient

Analitics parameters Radiological Features Forecast 
scales

Age > 50 years BUN >20 mg/dl Pleural Effusion APACHE II >2

BMI < 30 Hematocrit >44% Pancreatic collections 
or peritoneal free 
liquid.

Ranson-
Glasgow >3

Deteriorate state of 
mind

Procalcitonin >0.5 ng/ml in the 
first 48 hours

Comorbidity Reactive C protein >150 mgl, or 
progressive elevation in 48 hours)

Abdominal defense Elevated Creatinine

Table 2. 
Warning pancreatic sign (BMI: Body mass index, BUN: Blood urea nitrogen).
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and is characterized by the appearance of homogeneous fluid adjacent to the 
pancreas and its fascial planes without the presence of a wall.

• Pancreatic pseudocyst: well-defined collection with a wall formed without 
a solid component that occurs after 4 weeks of oedematous interstitial 
pancreatitis.

• Acute necrotic collection: collection with a solid and liquid component that 
appears in the context of necrotizing pancreatitis and can affect the pancreas 
and surrounding tissues. It has no wall (Figure 1).

• Encapsulated pancreatic necrosis (Walled-off necrosis): is an acute necrotic col-
lection, mature, encapsulated with a well-defined inflammatory wall, and which 
appears 4 weeks after the onset of necrotic pancreatitis. It is heterogeneous and 
can affect peripancreatic tissues.

3. Infected pancreatic necrosis

The most important consideration in treating local complications is to demon-
strate the presence of infection.

Because the majority of patients with sterile pancreatic or peripancreatic 
necrosis can be treated conservatively, regardless of the size and extension of the 
collections.

Drainage in a sterile collection can produce iatrogenic infection, worsening the 
patient’s prognosis. Could only be an alternative in those patients with persistent 
symptoms such as abdominal pain, duodenal obstruction or jaundice [13, 14].

Necrosis infection usually occurs within 2–3 weeks of the onset of BP. Successive 
CT scans should be performed according to the evolution of the patient and not in 
a programmed way. Early onset is rare, and should be suspected if SIRS persists or 
recurs after 10 days-2 weeks [15]. Therefore, the suspicion of infection will be made 
according to the bad evolution of the patient: fever, increase of leukocytes, elevation of 

Figure 1. 
In the CT scan image we can see acute pancreatic collection without radiological signs of infection.
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PCR and/or procalcitonin, sudden resurgence or worsening of FO. This clinical evolu-
tion can be given by sterile necrosis, and it is often a challenge to differentiate whether 
we are dealing with an infected necrosis or not. Given this scenario, CT has high 
sensitivity to detect signs of infection (gas in the collection only appears in 12–22% of 
infected cases (Figure 2). However the signs of infection are usually sufficient to diag-
nose a secondary infection of pancreatic or peripancreatic necrosis. In case of diagnos-
tic uncertainty, a positive gram stain or culture of the necrotic collection, obtained by 
transabdominal fine needle aspiration, may be necessary. However, the disadvantage 
of fine needle aspiration in this scenario is the false negative rate of 25% [16].

4. Management off infection of pancreatic necrosis

We present the management of acute pancreatitis with signs of infected necro-
sis. For this we will describe each of the therapeutic options in the philosophy of 
step up approach (Algorithm 1).

4.1 Antibiotic therapy

The first step is the administration of broad- spectrum antibiotic therapy [16]. 
The germs most involved are E. coli, Enterobacter cloacae, Enterococcus faecalis and 
Bacteriodes fragilis, and the antibiotic of choice for empirical treatment in these 
cases would be carbapenemics. In cases of allergy, quinolones would be used.

Recommended empirical therapy:

• Meropenem: 1 gr. e.v. every 8 hours

• Moxifloxacin: 400 mg e.v. every 24 hours

Once the final result of the cultivation is obtained, the anti-biotherapy will be 
adapted. A small proportion of patients can be managed with supportive care and 
antibiotics alone, without the need for additional invasive interventions [17].

Figure 2. 
CT scan image showing radiological signs of pancreatic necrosis due to the presence of gas in the acute necrotic 
collection.
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4.2 The step-up approach

Open surgery in the treatment of infected pancreatic necrosis has been replaced 
by the minimally invasive approach. The multi-centre randomized clinical trial 
PANTER [18] showed that step up approach treatment of necrotising pancreatitis 
reduces patient mortality, multiorgan failure, costs and late surgical complications. 
The step-up approach consists of percutaneous catheter drainage or endoscopic 
transluminal drainage, followed by minimally invasive necrosectomy only when 
clinically required, is the current standard treatment [19].

4.2.1 Percutaneous catheter drainage

Secondary infection of pancreatic or peripancreatic necrosis can occur in the 
first 3 weeks after onset of disease, and long-term administration of antibiotics 
might lead to increased incidence of fungal infections and antibiotic resistance 
[15, 20]. The benefit of early drainage has been demonstrated, although its indication 
has to be established after confirmation of infection, otherwise we could be infect-
ing a sterile collection. The ideal percutaneous drainage would be via the retro-
peritoneal route and on the left side, which would facilitate subsequent minimally 
invasive surgical access if necessary. Current evidence shows that 35% of patients 
treated with percutaneous drainage in this phase will not require additional surgi-
cal necrosectomy and that up to 50% in series where a progressive increase in the 
diameter of the drainage catheter is used [19]. Once the radiological drainage was 
carried out, the therapeutic sequence would be as follows:

if poor evolution persists after 48 hours and the patient’s conditions permit it, a 
new drainage with a larger diameter would be attempted.

if the poor clinical condition is maintained, despite the use of larger drains, 
surgical drainage should be carried out.

The current tendency is to be as non-invasive as possible. Several techniques 
have been described that will be developed in our service gradually, such as video 
assisted retroperitoneal access that presents significantly lower rates of abdominal 
complications than the most classic techniques. This technique uses radiological 
drainage as a guide to the collection, hence the importance of placing it on the left 
side as long as possible (Figure 3).

After 4 weeks, in addition to percutaneous radiological drainage in case of 
infection as mentioned above, endoscopic drainage could be evaluated. Generally, 
at this stage an inflammatory wall would already be formed consistent enough to 
withstand transgastic endoscopic drainage (walled-off necrosis).

4.2.2 Transgastric endoscopic drainage

The step-up approach can be done both surgically and endoscopically. The two 
different approaches have been compared with each other in two randomized trials. 
The first is the TENSION trial that concluded that the endoscopic step-up approach 
was not superior to the surgical step-up approach in reducing major complications 
or death but the rate of pancreatic fistulas and length of hospital stay were lower in 
the endoscopy group [21]. The second trial is MISER [22] randomizade controlled 
trial showed that an endoscopic transluminal approach for infected necrotizing 
pancreatitis, compared with minimally invasive surgery, significantly reduced 
major complications, lowered costs, and increased quality of life.

In short, the endoscopic staggered approach has become the approach of 
choice according to recent studies for the management of infected necrotizing 
pancreatitis [23–27]. However it could not be feasible in all patients. It depends 
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on the anatomical location of the infected necrotic collections, availability of 
technique and experience of the center and trained personnel (Figure 4). The 
option of combined endoscopic transluminal and percutaneous catheter drain-
age, which is also known as dual-modality drainage, should not be overlooked 
in patients with large collections extending into the paracolic gutters or the 
pelvic region.

Currently, the stents placed between gastric light and the infected collection 
are metallic (Figure 5). They were created in 2011 and replaced with plastic stents. 
These stents provide wider light that allows better drainage and facilitates trans-
luminal necrosectomy. The best available evidence comes from a randomized trial 

Figure 3. 
CT scan image showing left retroperitoneal collection with easy access for percutaneous drainage. And it will 
allow a retroperitoneal laparoscopic approach.

Figure 4. 
CT scan image showing infected acute necrotic collection of retrogastric location. We can see metallic stent 
drainage inside the collection.
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that compared the efficacy of metal and plastic stents in the drainage of infected 
pancreatic necrosis. The study found no differences in the median number of 
procedures, readmissions, and length of hospital stay [28]. Although endoscopic 
treatment with metal stents was associated with higher procedure costs. In addi-
tion, adverse effects such as stent migration were observed. Therefore, the latest 
consensus guidelines recommend metal stents or double pigtail plastic stents for 
endoscopic transluminal drainage and removal after 4 weeks to minimize the risks 
of complications [28, 29].

4.2.3 Surgical necrosectomy

Between 23–47% of patients will improve only with percutaneous or  
endoscopic drainage. But in those patients with persistent disease, surgery is 
the next step [18, 30, 31]. Objectives of surgical debridement are to control the 
source of infection and reduce the burden of necrosis, while minimizing the 
proinflammatory damage of the intervention itself on the weakened patient. 
The current trend is to be as non-invasive as possible. We will start with a 
videoassisted retroperitoneal approach and if it is not enough we will perform 
necrosectomy by open approach [32].

4.2.3.1  Video assited retroperitoneal debridement (VARD) in infected necrotizing 
pancreatitis

Several techniques have been described, such as video assisted retroperitoneal 
access that presents significantly lower rates of abdominal complications than the 
most classic techniques. This technique uses radiological drainage as a guide to the 
collection, hence the importance of placing it on the left side as long as possible. 
The tract formed by the anterior drainage is used to access the retroperitoneal space 
for intracavitary videoassisted necrosectomy (Figure 6). Traditional laparoscopic 
instruments are used under direct vision (Figures 7 and 8). We can leave well-
positioned drains that allow washing. The process may be repeated if necessary to 
remove the infected pancreatic necrosis. It should be noted that the VARD approach 

Figure 5. 
Endoscopy image showing metallic stent that communicates the gastric camera and the acute necrotic collection.



31

Necrotizing Pancreatitis: Step Up Approach
DOI: http://dx.doi.org/10.5772/intechopen.96196

is more effective in treating central to left parietocolic infected pancreatic necrosis. 
However, it will be more difficult to access the necrosis located to the right of the 
mesenteric vessels [32] (Figure 9).

Figure 6. 
CT scan image showing infected acute necrotic collection on the left flank. It allows a percutaneous drainage 
approach and subsequent laparoscopic retroperitoneal access.

Figure 7. 
Using left retroperitoneal percutaneous drainage as a guide, we can access it by minimally invasive approach. We 
observed laparoscopic trócar through which we introduced camera, vacuum cleaner and laparoscopic tweezers.
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4.2.3.2 Surgical transgastric debridement

The concept is similar to endoscopic trasngastic drainage. It can be per-
formed by open or laparoscopic approach. An anterior gastrostomy is required 
to access the posterior face of the stomach and then the infected cavity. It is 
especially useful in central collections that do not affect the flanks (Figure 10). 
It is advisable to leave a drain inside the cavity for washing. There are studies 
of small sample size that demonstrate the efficacy of the technique with low 
morbidity [33–35].

Figure 9. 
CT scan showing surgical drainage on the right flank by laparoscopic retroperitoneal access.

Figure 8. 
Image of CT scan that objective retroperitoneal necrotic collection with drainage inside placed by laparoscopic 
retroperitoneal access.
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4.2.3.3 Open surgical necrosectomy

If these methods are unable to control the infectious condition, the patient’s dete-
rioration, despite good drainage, including minimally invasive surgical drainage, 
would be indicated to the open surgical approach. The mortality of patients with 
infected necrosis is greater than 30%, as we have commented, the delay in surgery 
as much as possible will be more beneficial for the patient in terms of mortality and 
morbidity. Early debridement, and especially sterile necrosis, leads to a significant 
increase in mortality. Therefore, these techniques are reserved when everything else 
has not been enough [36–37]. We have widely described open necrosectomy tech-
niques. None of them has been shown to be clearly superior to the other due to the 
lack of randomized studies, but the ones that offer the best results are:

• Open surgical necrosectomy with closed packing: described by A.L. Warshaw, 
with lower mortality rates than the other techniques (10%) and that would be 
indicated in limited necrosis.

• Open surgical necrosectomy with closed postoperative lavage: in case of 
more extensive necrosis. The recommended wash would be 12–24 liters every 
24 hours with potassium-free dialysis fluid.

• Open surgical necrosectomy with open packing: it is the technique with the 
highest morbidity-mortality, but it would be indicated in cases with more 
extensive necrosis that exceed the colon.

Vacuum Assisted Closure therapy will be used as a temporary closure in cases 
where closure of the abdominal pare is impossible or in cases of abdominal com-
partment syndrome.

Current comparative studies, with the exception of randomized trials [18], 
should be interpreted with caution, given the severity of the often higher disease in 

Figure 10. 
CT scan image showing collection near the gastric posterior wall that would allow a transgastic approach.
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patients undergoing open debridement. Open debridement is indicated in patients 
with a high necrosis load that is diffusely distributed throughout the abdomen and 
that do not respond to staggered handling [32].

RAMSON: Prognostic scale in acute pancreatitis (Table 3).
GLASGOW: Prognostic scale in acute pancreatitis (Table 3).
Zero to do criteria met indicates mild pancreatitis; 3 or more criteria severe 

pancreatitis.
According to the number of criteria the rate of mortality is: 0–2 mortality >2%; 

3–5 mortality 10–20%; 6–7 mortality 50–60%; > 7 mortality 70–90%.

5. Conclusions

Patients with diagnosis of acute necrotizing pancreatitis should be treated in 
centers with high experience by specialists in pancreatic surgery, endoscopists and 
radiologist experienced. It is essential the presence of a team of intensive doctors or 
anesthesiologists especially in the first weeks of evolution. Despite these measures 
the morbidity and mortality in these patients is still high, so we must try to reduce 
it with a correct management and applying the “step up approach”. The sequential 
treatment is an alternative to open necrosectomy, including percutaneous drain-
age, endoscopic (transgastric) drainage, and minimally invasive retroperitoneal 
necrosectomy. With this approach, up to 35% of patients can be treated only with 
drainage, to avoid necrosectomy and to reduce the percentage of complications.
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Ramson Glasgow

on admission age > 55 yerars age > 55 years

white blood cell count>16.000 mm3 blood glucose>10 mmol/l

blood glucose >200 mg % LDH > 600 UI/l

LDH > 400 UI/l AST > 100 UI/l

AST > 200 UI/l serum urea>16 mmol/l

Arterial PaO2 < 60%

serum Calcium<8 mg/dl

serum albumin<3,2 mg/l

white blood cell count>15.000 mm3

within 48 hours hematocrit fall>10%

blood urea nitrogen rise >5 mg%

Arterial PaO2 < 60 mmHg

base deficit>4 mEq/l

fluid sequestration >6 liters

serum calcium<8 mg%

Table 3. 
Ramson and Glasgow prognostic scale.
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Algorithm 1. Management of acute pancreatitis with infected pancreatic 
necrosis.
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Abstract

Acute pancreatitis has a broad clinical spectrum: from mild, self-limited disease 
to fulminant illness resulting in multi-organ failure leading to a prolonged clinical 
course with up to 30% mortality in case of infected necrosis. Management of local 
complications such as pseudocysts and walled-off necrosis may vary from clinical 
observation to interventional treatment procedures. Gram negative bacteria infec-
tion may develop in up to one-third of patients with pancreatic necrosis leading 
to a clinical deterioration with the onset of the systemic inflammatory response 
syndrome and organ failure. When feasible, an interventional treatment is indicated. 
Percutaneous or endoscopic drainage approach are the first choices. A combination 
of minimally invasive techniques (step-up approach) is possible in patients with large 
or multiple collections. Open surgical treatment has been revised both in the timing 
and in the operating modalities in the last decades. Since 1990s, the surgical treatment 
of infected necrosis shifted to a more conservative approach. Disruption of the main 
pancreatic duct is present in up to 50% of patients with pancreatic fluid collections. 
According to the location along the Wirsung, treatment may vary from percutaneous 
drainage, endoscopic retrograde pancreatography with sphincterectomy or stenting 
to traditional surgical procedures. Patients may suffer from vascular complica-
tions in up to 23% of cases. Tissue disruption provoked by lipolytic and proteolytic 
enzymes, iatrogenic complications during operative procedures, splenic vein throm-
bosis, and pseudoaneurysms are the pathophysiological determinants of bleeding. 
Interventional radiology is the first line treatment and when it fails or is not possible, 
an urgent surgical approach should be adopted. Chylous ascites, biliary strictures and 
duodenal stenosis are complications that, although uncommon and transient, may 
have different treatment modalities from non-operative, endoscopic to open surgery.

Keywords: pancreatic pseudocysts, walled-off necrosis, infected pancreatic necrosis, 
disconnected pancreatic duct syndrome, vascular complications, chylous ascites

1. Introduction

The majority of patients suffering from acute pancreatitis will have a mild, 
self-limited and uncomplicated course. Pancreatic necrosis may develop in up to 
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10%-20% of patients, because of insufficient perfusion of pancreatic parenchyma 
to support metabolic requirements, leading to a prolonged clinical course with up 
to 30% mortality in case of infected necrosis [1]. Local and systemic complications, 
mild or life-threatening, such as pancreatic and/or peripancreatic fluid collections, 
walled-off necrosis, infected pancreatic necrosis, disconnected pancreatic duct syn-
drome and vascular complications can occur. The successful management of these 
patients needs a multidisciplinary team composed by gastroenterologists, surgeons, 
interventional radiologists, and specialists in critical care medicine, infectious 
disease, and nutrition. Intervention is generally required for infected pancreatic 
necrosis and less commonly in patients with sterile necrosis who are symptomatic 
(gastric or duodenal outlet or biliary obstruction) [2]. The surgical odyssey in man-
aging necrotizing pancreatitis is a notable example of how evidence-based knowl-
edge leads to improvement in patient care. Open surgical necrosectomy has been the 
traditional surgical treatment for years. However, although it provides a wide access 
but it is associated with high morbidity (34%-95%) and mortality (11-39%). In the 
last decades treatment has moved towards minimally invasive techniques: laparos-
copy, retroperitoneal and endoscopic or percutaneous approaches. These can allow 
open surgery to be postponed in a sub-acute setting or even to avoid it [3–6].

2. Pancreatic necrosis and pseudocysts

Local complications such as pancreatic and/or peripancreatic fluid collections 
can occur after an episode of acute pancreatitis or after recrudescence of chronic 
pancreatitis or a blunt, penetrating, iatrogenic pancreatic trauma. Peripancreatic 
fluid collections, with or without a necrotic component, are early manifestations 
of the pancreatic inflammatory process. They are not delimited by a well-defined 
inflammatory wall and often remain asymptomatic, ending in spontaneous resolu-
tion by a gradual reduction in size. After four weeks from the clinical manifestation, 
persistent collections usually become wall-defined, encapsulated, with (walled-off 
necrosis) or without (pancreatic pseudocyst) a necrotic component and a varying 
degree of pancreatic parenchyma involvement [7].

Management of pseudocysts and walled-off pancreatic necrosis (WOPN) rely 
on patient’s symptoms, location and characteristics of pancreatic and/or peripan-
creatic collections, local complications (such as pseudoaneurysm), expertise and 
availability of a multidisciplinary group [8].

In asymptomatic patients, clinical observation and periodic imaging follow 
up (every three-six months) represent the most successful management, due to 
the frequent reduction in size and spontaneous resolution of non-complicated 
homogeneous collections and to the morbidity associated to interventional (endo-
scopic or radiologic) treatment procedures. In these cases, it is possible to associate 
nutritional and pharmacological support (nasoenteric feeding reduces pain and 
improves nutritional status; proton pump inhibitors and somatostatin-analogue 
such as octreotide reduce pancreatic secretion).

Infection will develop in about one third of patients with pancreatic necrosis. 
It may arise at any time during the clinical course but peak incidence is between 
the 2nd and the 4th week after presentation [2]. Gram-negative bacteria are the 
main infectious species isolated, the most common of which are Escherichia coli 
and Pseudomonas aeruginosa [9]. Recently, a trend towards increasing incidence of 
Gram-positive and multi-resistant bacteria has been demonstrated [10, 11].

Prognosis and management are greatly affected by the recognition between 
sterile and infected pancreatic necrosis. Clues of suspicion should arise in case of 
clinical signs of systemic inflammatory response syndrome (SIRS) (new-onset 
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fever, tachycardia, leukocytosis) or organ failure [12]. A blood culture with positive 
bacterial results and gas in and around the pancreas on a CT scan may give indirect 
evidence of infection. Prophylactic antibiotic use in patients suffering from acute 
pancreatitis has not been proven to decrease infection rate and thus, according to 
the meta-analysis by Wittau et al. [13] it is not recommended a routine prophylaxis. 
The Cochrane review by Villatoro et al. [14] showed that antibiotic prophylaxis 
was not associated with a reduced incidence of pancreatic necrosis infection, even 
though it was associated with significantly decreased mortality. CT- or US-guided 
fine needle aspiration of pancreatic necrosis for bacteriologic analysis are an accu-
rate, safe and reliable techniques with high accuracy (89.4%-100%) [15, 16].

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 [17].

2.1 Endoscopic drainage

Endoscopic drainage of a walled collection is the preferred method when the 
drainage criteria are met: mature collections delimited by a well-defined inflamma-
tory capsule and with a mostly liquid content; cystic wall adherent to stomach or 
duodenum; and collection’s size at least 6 cm in size.

This procedure has to be performed by an endoscopist with expertise and when 
surgical or interventional radiology staffs are available [18]. Contraindications 
to endoscopic drainage are: presence of pseudoaneurysm due to gastroduodenal 
or splenic artery erosion, with high risk of bleeding; and collections without a 
mature wall.

Drainage techniques consist in [19]: transmural drainage: creation of a passage 
through the stomach or duodenum wall into the cyst lumen. This permits cystic 
drainage after balloon dilatation and placement of one or more stents. This method 
is preferred to drain WOPN in order to evacuate solid debris. Transpapillary drain-
age: placement of a ductal pancreatic stent with or without preliminary sphinc-
terotomy to drain cysts in communication with pancreatic duct, especially when 
endoscopic retrograde pancreatography demonstrates ongoing ductal leak.

Transmural approach is adopted when large and symptomatic walled-off 
pancreatic fluid collection is close to gastroduodenal structures. Transmural 
puncture through gastroduodenal wall (where is endoscopically visible a bulge 
resulting by apposition to the cyst), is nowadays ecoendoscopically guided. This 
permits to accurately identify puncture site for cystenterostomy, avoiding vessels or 
other interposed structures and evaluating real distance to pass through [20]. Self-
expanding metal stents or plastic double pig-tail stents can be both used. Lumen 
Apposing Metal Stent (LAMS) are associated with higher bleeding grade but allow 
immediate procedures such as endoscopic necrosectomy.

Drainage of turbid necrotic fluid suggests debris presence and can be managed 
with direct endoscopic debridement and/or with the placement of a naso-cystic 
catheter for post-procedural lavage. Repeated debridement or association with 
percutaneous drainage or percutaneous endoscopic gastrostomy can be necessary 
with unresolved fluid collections [21].

For patients with small pseudocysts derived from main pancreatic duct, trans-
papillary stent placement is indicated as first drainage approach. This provides 
continuous drainage of pancreatic fluid, leading to resolution of pancreatic ductal 
disruption that is responsible of pseudocyst. Follow up with CT or EUS is preferred 
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after four to six weeks if necrotic debridement was not necessary and stents are then 
removed the fluid cavity is collapsed. More frequent imaging is obtained in patients 
who underwent necrosectomy, to determine if additional debridement is neces-
sary. When collections are completely evacuated, stents are removed. Long-term 
stents seem to protect against recurrence allowing ongoing drainage of pancreatic 
secretions, although cystenterostomy tract matures and persists after eventual stent 
removal [22].

2.2 Percutaneous drainage

Percutaneous drainage remains an important treatment modality for patients 
with symptomatic collections. It may be used both as primary therapy or as an 
adjunct to other techniques. According to the last International [23], American [1] 
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 retroperitoneal fluid collections, to provide a rapid and effective means 
for source control in patients with infected pancreatic necrosis. It favors clinical 
stabilization of patients before endoscopic or surgical debridement and is the first 
choice when endoscopic drainage is unavailable, unsuccessful, or not technically 
feasible [25].

The positioning can be performed via the transperitoneal or retroperitoneal 
approaches. It is technically feasible in >95% of patients [26]. Retroperitoneal 
route is generally preferred because it avoids peritoneal contamination, enteric 
fistulas and facilitates a possible step-up approach (see “Surgical approach” chap-
ter). Moreover, the catheter tract can act as an entry portal for minimally invasive 
debridement methods, such as video assisted retroperitoneal or endoscopic 
debridement [1]. Catheters range from 8 Fr to 30 Fr in diameter; they allow for 
bedside irrigation and clearance of necrotic material, can be manipulated and 
replaced according to the evolution of the collections [27].

Percutaneous drainage alone may provide definitive therapy for a subset of 
patients. The prospective observational multicenter study by Horvath K. et al. in 
2010, found that the decrease in the size of the collection of at least 75% after the 
first 10-14 days predicts successful percutaneous treatment. In 2011, a large pro-
spective multicenter study of treatment outcomes among patients with necrotizing 
pancreatitis demonstrated that catheter drainage was the first intervention in 63% 
of cases and did not require additional necrosectomy in 35% of patients [28]. Two 
prospective randomized trials from the Dutch Pancreatitis Study Group compared 
various approaches to the management of symptomatic WON. They demonstrated 
that percutaneous drainage alone was successful in 35%-51% of patients and that a 
minimally invasive step-up approach was related to a lower rate of pancreatic fistu-
las, length of hospital stay and death, as compared with open necrosectomy [26, 29].

The risk of pancreatocutaneous fistula formation is the major potential draw-
back of this technique. The multicentre randomised trial by van Brunschot S. et 
al. demonstrated that the rate of pancreatic fistula formation was significantly 
higher in the percutaneous (32%) as compared to the video-assisted retroperitoneal 
debridement (VARD) group (5%) [29]. The rate is as high as 45% in those with 
disconnected duct syndrome [30].

2.3 Surgical 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 
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beginning 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 acute pancreatitis [31]. Over 
the next decades surgical intervention became the therapy of choice despite a mor-
tality 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. Surgeons were divided between 
those who reserved the intervention for cases of infected necrosis by proposing 
delayed exploration, and those who proposed early debridement for all patients 
with necrotizing pancreatitis. 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 comprehensive knowledge of the physio-pathological process of the 
systemic inflammatory response and the adoption of novel antibiotics in curb-
ing systemic toxicity and protecting against organ failure. Recently, endoscopic 
debridement and minimally invasive techniques has been introduced [31, 32].

The last guidelines of the Working Group of the International Association of 
Pancreatology (IAP)/American Pancreatic Association (APA) published in 2013 
[23] and of the American Gastroenterological Association (AGA) published in 
2020 [1] on the management of acute pancreatitis and pancreatic necrosis list the 
common indications for intervention. A symptomatic sterile pancreatic necrosis 
is an indication for intervention (either radiological, endoscopical or surgical). 
Symptoms can be represented by: gastric, intestinal, or biliary obstruction due to 
the mass effect of walled-off necrosis, pain, persistent unwellness in patients with-
out signs of infection [1]. In case of infected pancreatic necrosis invasive procedures 
(e.g. percutaneous catheter drainage, endoscopic transluminal drainage/necrosec-
tomy, minimally invasive or open necrosectomy) should be delayed, where possible, 
until at least 4 weeks after initial presentation to permit the collection to become 
“walled-off”. A randomized clinical trial [33] that compared early surgery (within 
72 h) and delayed surgery (11 days after onset) demonstrated mortality rates of 
56% and 27%, respectively.

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 [26, 34, 35]. The 
PANTER Study in 2010, a prospective randomized multicenter trial, compared 
the step-up approach to open necrosectomy and found a higher rate of new-onset 
multiple-organ failure in the open necrosectomy group (40% vs. 12%) and an 
equivalent mortality between the groups [26]. Surgical transgastric debridement 
is similar to endoscopic transgastric debridement, can be done laparoscopically or 
open, and is performed by an anterior gastrotomy to access the posterior wall of the 
stomach for transmural access to the necrosis cavity. Open surgical debridement is 
still an important resource in the management of these patients for the debridement 
of necrotic tissue.

Before surgical approach, abdominal imaging is helpful to determine intra-
abdominal status. Diagnosis of infected pancreatic necrosis is made by identi-
fication of air bubbles in retroperitoneal necrosis (areas with lack of contrast 
enhancement) on CT scan. Diagnosis can be confirmed by CT-guided fine needle 
aspiration of necrotic material for culture. CT is also indicated to define extent 
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and location of necrotic areas, for example into the mesenteric root and down the 
paracolic gutters; to demonstrate the presence of a disconnected pancreatic segment 
(a viable pancreatic portion separated by the rest of pancreas by a necrotic segment, 
that require external drainage to create a controlled external pancreatic fistula); and 
to evaluate the presence of other local complications, such as gastric outlet obstruc-
tion, splenic or portal vein thrombosis and colonic necrosis. 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 associ-
ated with increased incidence of postoperative bile leak or biliary injury. Colon 
resection and colostomy have to be considered if mesocolon is involved in peripan-
creatic necrosis. A feeding enteral tube and at least two-four drainage tubes should 
be placed [36].

Video-assisted retroperitoneal debridement approach requires preoperative 
percutaneous retroperitoneal access. Radiological catheter insertion is a route to 
guide the subsequent procedure directly down into necrotic cavity and postopera-
tive lavage. The advantage is minimizing the risk of peritoneal contamination, 
but the access is limited and precludes other procedures over debridement [34]. 
Postoperative complications are: intra-abdominal residual fluid collections, derived 
from pancreatic leak not well controlled by drains; bleeding, due to vascular lesion 
during debridement maneuvers or rupture of pseudoaneurysm, related to vascular 
erosion caused by mechanical drain damage or infection associated with uncon-
trolled pancreatic fistula; pancreatic fistulas: amylase-rich (concentration greater 
than three times the upper limit of normal serum amylase) fluid coming from 
drains; biliary injury; and pancreatic endocrine and exocrine insufficiency, that 
may requires supplemental insulin and oral pancreatic enzyme replacement.

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 [1].

3. Disconnected pancreatic duct syndrome

The term disconnected pancreatic duct syndrome (DPDS) refers to a subset of 
patients suffering from a disruption of the main pancreatic duct leading to a normal 
upstream pancreatic gland having no communication with the gastrointestinal tract 
[1, 37]. Up to 50% of patients with pancreatic fluid collections might have an under-
lying disconnected duct. It is best recognized using secretin-stimulated magnetic 
resonance cholangiopancreatography [38]. DPDS can be the result of acute necro-
tizing pancreatitis, chronic pancreatitis, and pancreatic trauma. Pancreatic juice is 
still secreted from the disconnected gland resulting in different resolutions that are 
a continuum of the same pathophysiologic process: recurrent acute pancreatitis, 
internal persistent pancreatic fistula (most often presenting as a peripancreatic 
fluid collection), external fistula, pancreatic pleural effusion, pancreatic ascites, or 
disconnected pancreatic tail syndrome [39, 40].

Internal fistulae are the result of ductal disruptions that are not contained by 
the inflammatory response. Anterior ductal disruptions result in pancreatic ascites, 
posterior ones result in pancreatic pleural effusions. Positive testing for a collection 
rich in pancreatic enzyme gives the secure diagnosis. A percutaneous drainage is the 
initial treatment to obtain a controlled fistula that in 70-82% of cases results in a 
spontaneous closure.

External fistulae may develop after pseudocyst percutaneous drainage. The 
stricture or the obstruction of the Wirsung result in ductal hypertension thus 
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increasing the chance of developing this complication. Endoscopic retrograde 
pancreatography (ERP) with sphincterotomy or transpapillary stenting should be 
then performed, both in internal and in external fistulae, to reduce resistance of 
pancreatic juice flow to the duodenum [41].

If the disruption is in the body or the tail (disconnected pancreatic tail syndrome), 
open distal pancreatectomy and debridement associated with drainage are the tradi-
tional surgical procedures. These are characterized by a high periprocedural morbid-
ity that is counterweighted by the single procedure and a concise overall course. 
Distal pancreatectomy can be undertaken during the first 30–60 days of illness, in the 
subacute setting [1].

The high morbidity and mortality associated with open surgical procedures, 
especially for poor surgical candidates, recommend a minimally invasive endo-
scopic [42]. Partial duct disruption can be treated with endoscopic transpapillary 
stent bridging with a fistula resolution rate of 56%, according to Varadarajulu et al. 
[43]. One possible endoscopic approach in case of complete duct disruption is the 
use of permanent indwelling transmural stents that allow the creation and mainte-
nance of a fistulous tract into the gastrointestinal lumen [42].

Correct choice of procedure, as well as correct choice of timing of intervention, 
are mandatory for success.

4.  Vascular complications (haemorrhage, pseudoaneurysm and 
thrombosis)

Haemorrhage, pseudoaneurysm and thrombosis are the main vascular complica-
tions with an incidence ranging from 1% to 23% in patients with acute pancreatitis. 
Arterial complications are less frequent than venous complications (1.3-10% vs. 
22%) [44].

The etiopathology of bleeding in patients with severe pancreatitis can be sum-
marized in four main causes. The first one is due to the local spreading of lipolytic 
and proteolytic enzymes during a severe pancreatitis or necrosis that leads to the 
disruption of the tissue and the release of pancreatic fluids thus resulting in the 
arterial wall damage [45]. The second cause is related to a iatrogenic damage: 
improper surgical management of acute pancreatitis with an early operation for 
non-infected necrosis has been reported in Literature as a possible cause of wall 
arterial weakening thus leading to bleeding due to the activated enzymes [46]. 
Another iatrogenic source of damage is associated to the radiological positioning of 
drains that could give a direct trauma to the vessels and a continuous local inflam-
mation that can diminish arterial wall integrity [47]. A third pathogenic mechanism 
is splenic vein thrombosis due to the necrotizing process, pseudocyst and severe 
inflammation that could lead to portal hypertension and, as a late sequelae, to 
esophageal varices formation [45]. The last remarkable pathogenic mechanism is 
the formation of a pseudoaneurysm that derived from the rupture of a vessels into a 
long-standing pseudocyst [48]. Symptoms are gastrointestinal bleeding, abdominal 
pain and splenomegaly and they depend on the localization of pseudoaneurysm. 
The most common vessels are splenic (35-50%), gastroduodenal (20%), and pan-
creaticoduodenal (20%) artery. Other vessels involved are tributaries of the gastric, 
colic and hepatic bloodstream [40, 49].

Ultrasound (US) and Computed Tomography (CT) are the gold standard to 
diagnose a vascular complication. Specially, CT imaging showed a higher sensibility 
in the diagnosis of pseudo-aneurysm, and US has an important role in identifying 
thrombosis or in patients with iodine allergy or renal insufficiency [50]. Enhanced-
contrast CT locates necrotic areas, abscess cavity, pseudocysts, and bleeding site. 
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Angiography is the gold standard technique for the location and the control of the 
bleeding [45]. Interventional radiology is the first line treatment in both elective 
and emergency management of vascular complications. Angiography followed 
by trans-arterial embolization (TAE) is the gold standard management [51]. 
Different techniques can be used: the one preferred is the sandwich technique 
with coil located proximally and distally to the pseudoaneurysm to minimize the 
risk of potential rebleeding [52]. Haemostasis can be implemented with glue, 
N-butyl cyanoacrylate (NBCA), thrombin, ethiodised oil or gelfoam. Patients with 
unsuccessful TAE or in which is technically impossible, an emergency haemostatic 
surgery should be performed. Ligation of bleeding arteries is the technique of 
choice although related to a high rate of rebleeding. In extreme cases, open pack-
ing or salvage emergency pancreatectomy may represent the only chances for 
survival [45].

Vascular complications are rare but potentially fatal with a difficult management 
that is why they should be treated in a tertiary centre.

5. Chylous ascites

Pancreatitis is a rare cause of chylous ascites (CA) and in Literature, only few 
cases about acute pancreatitis are reported since its discovered in 1984 [53, 54]. 
Other causes related to CA are abdominal trauma, malignancies, sarcoidosis, 
lymphangiomatosis, yellow nail syndrome, cirrhosis, and mycobacterial infections 
[55]. CA diagnosis is based on the presence of a milky triglyceride- rich fluid collec-
tion in the peritoneal cavity. Patients complain about abdominal pain, distension, 
weight loss, oedema, anorexia, and weakness.

Diagnosis requires peritoneal fluid sampling with documentation of a lipid 
rich fluid, triglyceride concentration > 1.2 mM (110 mg/dl), peritoneal-to-plasma 
protein concentration ratio of >0.5 and presence of microscopic fat. The minimum 
daily volume of CA considered significant ranges between 100 ml to 600 ml [56, 57].

The pathogenesis is not completely clarified especially when CA is due to acute 
pancreatitis. The main possible reason is the spreading of proteolytic and lipolytic 
enzymes associated to necrosis of pancreatic tissue that damage the lymphatic 
vessels thus provoking a lymph leakage. Other possible reasons are AP related and 
include: splenic vein thrombosis leading to portal vein hypertension thus causing 
the rupture of lymphatic vessels; and the severe inflammation that could cause 
lymphatic vessels obstruction and lymphatic exudation [58, 59].

CA treatment is multimodal. Conservative treatment is based on total parenteral 
nutrition (TPN) or medium chain triglyceride (MCT)-high protein enteral feeding 
with or without addition of octreotide and reaches the resolution in two to six weeks 
in 60-100% of cases [60, 61]. Interventional and surgical approaches should be 
reserved for cases in which conservative treatment has failed. A second line therapy 
is bipedal lymphangiography (BPLAG) with lipiodol. This technique permits to 
identify the normal lymphatic stream and locate the leakage site or the obstruction 
site. The accumulation of injected lipiodol determines an inflammatory response 
that acts as an embolic agent and determines leakage resolution in up to 70% of 
cases [62].

Van der Gaag and colleagues has considered any duration of chylous ascites, 
longer than 14 days despite therapy, a requirement for surgical intervention [63]. 
Surgical treatment may vary from a peritoneovenous shunt to open surgical ligation 
of the leaking lymphatics [64]. Surgical approach should be chosen only in case of 
persistent CA despite treatment, symptomatic patients, or impossibility to perform 
interventional radiology.
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6. Biliary and duodenal complications

Biliary stricture (BS) and duodenal stenosis (DS) are uncommon complication 
of AP. Pathogenesis of these events is strictly related to the anatomical position 
between the pancreatic head, the common bile duct and the duodenum. BS and DS 
are, in most cases, early and transient conditions associated to severe inflammation 
[65]. The main causes for temporary BS are inflammatory oedema and pseudocyst 
formation and enlargement in the area proximal to the pancreatic head that cre-
ate a compression of the common bile duct, thus causing jaundice, nausea, vomit, 
abdominal pain, pruritus, and fatigue to the patient [66].

A duodenal early complication is gastric outlet obstruction related to the abnor-
mal peristaltic wave and following ileus caused by the severe inflammation and the 
possible compression of the duodenal loop by the enlarged neck of the pancreas that 
cause a lumen obstruction [67].

BS ad DS usually solve with a conservative treatment intended to overcome 
the acute inflammatory phase. Pseudocyst management is resumed in previous 
chapters.

In many studies, late BS is associated to pancreatic duct disruption (PDD) with 
pancreatic juice leakage when duct of the head/neck of pancreas is involved in 
pancreatic necrosis [68]. When PDD is suspected, contrast-enhanced CT should be 
performed to confirm it and after that an endoscopic retrograde cholangiopancrea-
tography (ERCP) to localize the leakage and positioning a stent [69]. If this proce-
dure failed, and a progression of the common duct stricture has developed, surgical 
procedure is indicated [53].

The process that leads a transient DS to an irreversible one is still unclear. 
Literature suggests that the underlaying cause is a possible ischemic and thrombotic 
event. Indeed, inflammation may induce arterial narrowing and/or thrombosis 
of the pancreaticoduodenal circulation producing local ischemia and resulting in 
chronic fibrosis [70]. Patients who present intermittent symptomatic episodes of 
upper gastrointestinal tract obstruction should undergo surgical bypass, chosen 
considering the pathophysiology (gastrojejunostomy or gastroenterostomy with 
vagotomy to prevent marginal ulcer)[71].

7. Conclusion

The majority of patients suffering from acute pancreatitis will have a mild, 
self-limited and uncomplicated course. Local and systemic complications, mild or 
life-threatening, such as pancreatic and/or peripancreatic fluid collections, walled-
off necrosis, infected pancreatic necrosis, disconnected pancreatic duct syndrome 
and vascular complications can occur.

The successful management of these patients needs a multidisciplinary team 
composed by gastroenterologists, surgeons, interventional radiologists, and special-
ists in critical care medicine, infectious disease, and nutrition. However, it must be 
considered that the requisite technical expertise and judgment for many of these 
procedures is not widely available in all centres. Intervention is generally required 
for infected pancreatic necrosis and less commonly in patients with sterile necrosis 
who are symptomatic. The surgical odyssey in managing necrotizing pancreatitis 
has been described. Operative approaches to the treatment of acute pancreatitis 
complications have undergone a dramatic transformation over the past few 
decades. Prospective, randomized trials have further clarified the value of the latest 
minimally invasive approaches to the treatment of this disease. This is the notable 
example of how evidence-based knowledge leads to improvement in patient care.
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Abstract

Acute pancreatitis (AP) is the most serious emergent disease in the gastroenterology 
field. The most common cause of AP is naturally gallstones. The most cases have mild 
disease and the illness limits itself in a short time period. In 15–20% of cases, the severe 
form of acute biliary pancreatitis (ABP) develops. Some patients have concomitant 
cholangitis. In these patients, releiving biliary obstruction with endoscopic retrograde 
cholangiography (ERCP) and endoscopic sphincterotomy (ES) is essential. However, 
correct timing of ERCP is a debate. While some authors and guidelines suggested that 
ERCP can be performed in first 24 hours, the others suggested its use during the first 
72 hours. In the first 24 hours, ERCP is diffucult to apply due to ampullary edema and 
general ill situation of the patient. Rather than ERCP, agressive fluid replacement 
and supportive therapy are very much important in the first 72 hours of admission. 
Moreover, there is no consensus on timing of ERCP in patients with severe pancreatitis 
without cholangitis. But all international guidelines suggested that ERCP should be 
perfomed in all patients with mild or severe pancreatitis together with concomitant 
cholangitis during the first 72 hours. After resolution of ABP, cholecystectomy should 
be performed to prevent recurrent pancreatitis during the same hospitalization period 
(index cholecystectomy). If the patient is not suitable for cholecystectomy, ERCP and 
ES should be done to prevent further attacks of acute pancreatitis.

Keywords: acute biliary pancreatitis, urgent ERCP, early ERCP, endoscopic 
sphincterotomy, biliary duct stone

1. Introduction

Acute pancreatitis (AP) is the most serious emergent disease in the gastroenter-
ology field. The most common cause of AP is naturally gallstones. The most cases 
have mild disease and the illness limits itself in a short time period. In 15–20% of 
cases, the severe form of AP develops. The triage of patients with AP in accordance 
with the severity of illness is the single most important factor affecting monitorisa-
tion and treatment protocol of these patients. Acute biliary pancreatitis (ABP) 
develops due to gall stones and or sludge mostly coming from gall bladder, impacted 
in ampulla Vateri (AV) leading to increased pancreatic ductal pressure, pancreatic 
edema, inflammation and possibly necrosis. A lot of human and animal studies 
displayed that biliary obstrucition lasting more than 48 hours creates pancreatic 
necrosis. Therefore, before the endoscopic retrograde cholangiography (ERCP) 



Recent Advances in Pancreatitis

60

area, surgery was used to induce biliary decompression and impede progression into 
pancreatic necrosis, however, new quests started after facing high rate of morbidi-
ties and mortalities associated with surgery.

Introduction of ERCP and endoscopic sphincterotomy into the daily practice, 
endoscopic relieving of biliary obstruction has come into reality. Nevertheless, 
occurence of complications even mortalitiy in association with ERCP initiated new 
debate about its indications and timing in patients with ABP. Although for the last 
30 years, there has been many ongoing studies about to whom and when ERCP will 
be perforrmed in ABP, a certain conclusion has not been encountered yet. There has 
been 2 main strategies on debate [1].

1. Early routine ERCP strategy: If acute gallstone pancreatitis is triggered by 
duct obstruction caused by a stone, it would be reasonable to suggest that 
early ERCP with removal of any residual stones might reduce the severity of 
pancreatitis. The strategy of early ERCP is strongly supported by results from 
experimental studies and human studies, which show that the duration of 
biliary obstruction is a major factor in determining the severity of pancreatitis 
and that decompression of the biliary system can prevent progression of the 
disease. In addition, patients with severe pancreatitis tended to have stones 
impacted in the ampulla, and early (within 48 hours) surgical decompression 
of the obstruction has been shown to decrease mortalite rates These observa-
tions lend support to the theory of using early ERCP to remove obstructing 
stones in acute gallstone pancreatitis.

2. Early conservative management with or without delayed or selective use of 
ERCP strategy: Proponents of early conservative management with selective use 
of ERCP argue that early routine ERCP may lead to many unnecessary ERCPs 
in the majority of patients as the offending gallstone has often passed before 
the diagnosis of pancreatitis is made. Also, it remains unclear whether early 
ERCP improves the prognosis of acute gallstone pancreatitis. The severity of the 
pancreatitis may be determined at its inception and may not be dependent on 
the duration of duct obstruction. Furthermore, performing ERCP in the setting 
of acute pancreatitis can be technically difficult because of swollen ampulla and 
duodenal wall. Thus, it may be prudent to identify patients with persistent duct 
obstruction who would benefit from ERCP after a period of conservative  
medical management in order to avoid unnecessary negative ERCPs.

Due to 2 different approaches, how an imminent ERCP will affect the existing 
clinical situation in patients with ABP holds its uncertainity. There has been also 
no agreement on the preference of an urgent ERCP (U-ERCP) within 24 hours of 
patients’admission or an emergent ERCP (E-ERCP) within 48–72 hours [2]. These 
terms; U-ERCP and E-ERCP have been used in recent reports and the first paper 
published by Neoptolemos and et al. defined U-ERCP and E-ERCP differently than 
the other papers; the first one within 72 hours and the later within 35 days after 
admission [3]. Later on, ERCP within first 72 hours was labeled as U-ERCP [4] 
and after the year of 2000, U-ERCP has been defined as ERCP within 24 hours and 
E-ERCP as ERCP within 24–72 hours [2]. In severe ABP, there are some risks such 
as patient’s bad general situation, technical difficulties due to pancreatic edema and 
potential interruption of aggressive fluid resuscitation during and after the ERCP 
procedure. Therefore, valid only for patients having persisting indication for biliary 
decompression, seveal authors and our clinical experience favor E-ERCP together 
with immense supportive treament of these patients rather than U-ERCP in the 
absence of life threatining cholangitis.
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In severe cases with AP, there can be pain, fever, cholestasis, mental confusion 
and hypotension due to ongoing pancreatic inflammation and necrosis and under 
this circumstances, an imminent ERCP can make the situation even worser [5]. 
Although, if we scrutinize the real life data, we will see that there is some kind of 
pressure on ERCP physicians to perform ERCP at night and or at weekends by the 
physicians seeing these patients with ABP in the emergency room [6]. However, 
in severe ABP, it would be impossible to guarentee the co-existence of cholangitis 
only by looking at some clinical and biochemical parameters, the use of harmless 
non-invasive methods such as magnetic resonance cholangiography (MRCP) and 
or endoscopic ultrasonography (EUS) seems to be more reasonable. Hence, endos-
copist who will perform ERCP should estimate the clinical situation of patient with 
ABP correctly and know very well to whom and when ERCP should be done. Thirty 
four years after the first report by Neoptolemus [3] suggesting wider application 
of ERCP with ES during AP, Schepers NJ [4] reported a multicentric article (APEC 
study) which underlined the fact that U-ERCP with ES does not reduce AP associ-
ated complications and mortality compated with conservative approaches. These 
authors supported a conservative strategy in severe ABP with ERCP indicated only 
in patients with cholangitis or persistant cholestasis.

In this chapter, we will mention about the role of ERCP during ABP in accor-
dance with the clinical studies and meta-analysis published on this subject and we 
will add our self clinical experience and practice in this area. The order of titles will 
be as such,

• The pathogenesis and natural history of ABP

• The estimation of cholangitis and cholestasis

• The treatment steps in the first 72 hours in reference to International 
Guideliness

• To whom and when ERCP should be done during ABP?

2. The pathogenesis and natural history of ABP

In the setting of ABP, biliary stones or sludge material impacted in ampulla 
vateri induce transient obstruction in the biliary tree and pancreatic ductus, 
followed by reflux of bile into the pancreatic channel. Consequently, undrain-
ing pancreatic channel develops increased ductal pressure leading to backflow of 
activated pancreatic enzymes into the parenchyma. This starts a cascade of tissue 
injury with a spectrum of events starting with mild parencymal inflammation 
ending with loss of pancreatic parenchyma due to severe necrosis [7]. For sure, 
cholestasis and or cholangitis due to biliary obstruction in addititon to pancreatic 
inflammation can add into the clinical scenario. There are several evidences indi-
cating the duration of obstruction correlates with te severity of pathology in the 
pancreas. These evidences reveal that persisting obstruction after 48 hours leads to 
different degrees of necrosis and if the ductal decompression is obtained before that 
time period, disease associated morbidity and mortality decreases significiantly 
[8–16]. Runzi et al. [8] used an animal model of AP by balloon obstructed biliopan-
creatic ductal system and they relieved the obstruction at 1th, 3rd and 5th days. The 
authors documented that the severity of parenchymal inflammation, fat necrosis, 
hemorrhage, acinar cell vacuolisaiton and necrosis were most prominent in animals 
with obstructed ductal sysytem at 5 th days of the experiment. On contrary, animals 



Recent Advances in Pancreatitis

62

having decompressed ductal sysytem at 1th and 3 rd day of experiment, pancreatic 
injury was able to be avoided. Another report by Acosta et al. [11] investigating the 
same subject on a clinical study put forth that severe pancreatitis develops signifi-
cantly more in patients with the obstruction lasting more than 48 hours compared 
to those having less than 48 hours of obstruction. These authors suggested to wait 
for 48 hours to implement an ERCP as the impacted stone may fall down spontane-
ously and if the signs of obstruction persists after 48 hours, then we should think 
about ERCP. On the grounds that at least half of the cases, the impacted stone in 
Ampulla Vateri will fall down spontaneously within 24–48 hours after ampullary 
and duodenal edema diminishes, we know that the pancreatitis in these patients will 
limit itself and recover within a few days. Acosta et al. [12] investigated the effects 
of early ductal decompression in a report and they compared 30 patients who 
underwent ERCP within first 48 hours with 31 patients who got only conservative 
treatment. Within the first group, 16 had passed the stone into the duodenum dur-
ing 48 hours and only 14 patients underwent ERCP in whom 11 were shown to have 
impacted stones. In the second group of patients, 22 patients had got rid of obstuc-
tion spontaneously and 9 patients who had persistent signs of obstruction under-
went ERCP and only 3 of them had impacted stone. As a result, %78 of patients 
passed stones spontaneously into the duodenum and E-ERCP was performed on 
the others within 48 hours without an uneventful clinical course and mortality. 
Another report by Cavdar et al. [13] indicated that 74% of patients with ABP passed 
stones into the duodenum within 72 hours of admission.

Based on all this data and our clinical experience about the natural progression 
of ABP, we suggest conservative approach during the first 24 to 48 hours to limitate 
the severity of pancreatitis by agressive fluid recessuation correction hypovolemia 
and organ hypoperfusion. This approach also allows us to evaluate the patients with 
regard to the presence of cholestasis and cholangitis and to find out which patients 
need ductal decompression.

APACHE II, Ranson, Glasgow veya Atlanta criteria are used to evaluate the 
severity of AP. Cholangitis and or cholestasis are assessed according to the pres-
ence or absence of severe pain, mental confusion, hipotansiyon, jaundice, elevated 
serum bilirubin ve liver enzymes and absence of bile in the aspirated gastric juice. 
Acosta and et al. [14] clearly demonstrated that absence of bile in the aspirated gas-
tric juice hyperbilirubinemia and severe pain are the parameters most sensitive and 
spesific for the ongoing obstruction of AV. The authors concluded to apply ERCP 
to this subgroup of patients. However, these findings may also occur in patients 
with severe pancreatitis and do not indicate the existence of cholangitis. Thus, 
ERCP performed based only on these findings may worsen pancreatitis, even end 
up with death. Therefore, we need better methods to show the stone in the biliary 
tree. Before the area of MRCP and endoscopic ultrasonography (EUS), we would do 
diagnostic ERCP and endoscopic sphincterotomy in every patient with a diagnosis 
of ABP even if we did not detect gall stones in the bile duct. This policy has changed 
to ‘never do diagnostic ERCP in ABP’ and do first MRCP or if possible more sensi-
tive EUS to decide if ERCP will be done or not.

3. The estimation of cholangitis and cholestasis

On clinical practice, the presence of cholangitis and or cholestasis in a patient 
with ABP is estimated by clinical and biochemical parameters together with 
abdominal ultrasonography (USG) [15–19]. Severe abdominal pain, fever, mental 
confusion, hypotension and jaundice can be seen in severe acute pancreatitis even in 
the absence of cholangitis. In 20% of patients, the liver enzymes can be persistently 
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normal. The sensitivity of abdominal USG is very low around 27–50% in the diag-
nosis of cholestasis and cholangitis. The bile duct diameter can persist several days 
after spontaneously passing stones. Thus, we need more sensitive methods to detect 
cholangitis and or cholestasis. Nearly 20 years ago, ERCP has been widely used for 
a diagnostic purpose. However, there have been important developments with the 
administration of MRCP and EUS into the gastroenterology practice [20–29]. EUS 
is better than MRCP to detect gall stones smaller than 5 mm and after detecting the 
stone by EUS and as an adavantage of this procedure, ERCP can be used to extract 
the stone from the bile duct at the same session after EUS procedure [21–27]. Moon 
and his collagues [28] reported the accuracy rates of USG, computed tomography, 
MRCP, ERCP and intraductal USG to detect bile duct stones are 20%, 40%, %80%, 
90%, 95%, respectively. The authors underlined IDUS and ERCP as the most 
sensitive methods to detect a CBD stone and suggested to use MRCP to choose the 
suitable patient for ERCP. They also notified that the rate of agreement between 
ERCP and MRCP is 90.6% and the large common bile duct has been mentioned as a 
factor for MRCP to overlook the bile duct stones.

MRCP has a low diagnostic value compared to EUS in a patient with dilated 
CBD having small sized stones. Scheiman and his colleagues [29] investigated and 
compared the cost and clinical efficacy of EUS and MRCP done 24 hours before 
the ERCP procedure. The authors identified EUS as the best cost-effective modal-
ity to prevent unnecessary ERCP. Thus, this will protect patients from potential 
complications of ERCP. Furthermore, 20% of bile duct stones smaller than 8 mm 
and detected by MRCP were found to pass spontaneously into the duodenum until 
the time comes for an ERCP procedure. Thus, EUS will reliably help us to give final 
decision to do ERCP or not. Another advantage of EUS is its applicability on bed 
side for patients warded in intensive care units. Additionally, in patients with nor-
mal gall bladder evaluation on percutaneous USG, EUS can detect sludge in the gall 
bladder in the setting of ABP. We can also use a quick EUS examination performed 
within 72 hours of hospitalization to decide if patients can be discharged early from 
the hospital. This strategy can decrease the health expanses as well. Thus, it seems 
very rational to increase cost effectivity of caring for ABP patients by provoking the 
motivation of ERCP physicians to get learn how to do EUS and vice versa [25–27].

4.  First 72 hours treatment steps according to the International 
Guideliness

Severe cases with ABP should be hospitalized in spesific centers having MRCP, 
ERCP and preferably EUS facilities under the control of a team of physicians 
consisted of gastroenterologist, pancreatobiliary surgeon and invasive radiologist 
[30–35]. First, the severity of AP in accordance with the international scoring 
models must be determined and the patient’s co-morbidities should be recorded. 
Thereafter, these patients should be vigorously hydrated to prevent the col-
lapse of pancreatic circulation. Indeed, we will especially emphasize aggressive 
fluid replacement therapy in these patients in the first 3 days of admission with 
patients with AP. This issue is also very important for the prophylaxis of post-
ERCP pancreatitis [36].

A meticiluos fluid replacement within this very 24 hours limits pancreatitis by 
correcting the hypovolemia and organ hypoperfusion, hinders local and systemic 
complications of AP by decreasing Systemic Inflammatory Response Syndrome 
(SIRS) and associated multiorgan failure and lowers inhospital mortality. This 
helps to improve the general status of the patient and decreases the risks of further 
invasive procedures like ERCP in these circumstance. During the first 24 hours, 
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iv crystalloid and or colloid solutions can be given [30–35, 37, 38]. Although a 
retrospective study depicted no difference between ringer lactate (RL) and normal 
saline (SF) infusion with regard to the severity and complications of pancreatitis 
[39], there are vast data from the experimental and clinical studies supporting the 
benefits of RL; such as RL infusion hampers hyperchloremic acidosis and other 
metabolic complications of AP and by improvinng intraparenchymal pH status, 
RL infusion inhibits zymogen activation and worsening of AP [40, 41]. For these 
reasons, RL has been suggested by many international guidelines as first choice to 
be used as fluid therapy in these patients with AP [30–36]. In the absence of heart 
and kidney failure, RL infusion at 5–10 ml/kg/hour dose within the first 24 hours is 
recommended to these patients as targeted fluid therapy. By this way, we aim to get 
normal hemodynamic parameters, urine output 0.5–1 ml/kg/hour and hematocrit 
value as between 35–44%. However, we need to be scrupulous to avoid hypervol-
emia in elderly patients during fluid recesutation. Therefore, it is important to limit 
the dose to 5 to 10 ml/kg/hour as more than 10 ml/kg/hr. infusion rate has been 
associated with mehcanical ventilation, abdominal compartment syndorme and 
increased mortality [42].

5. ERCP when and to whom in ABP?

Before 1978 when Classen [43] first did ERCP and endoscopic sphincterotomy 
in acute pancreatitis, ERCP was considered as contraindicated in AP. Thereafter, 
this dogma has changed by Safrany and his collegeus [44] who did ERCP in 15 cases 
with ABP in 1980. They detected impacted stone at AV in 8 patients and in 7 of 
them, they showed choledochal stone and removed the stones in all the patients. 
None of the patients developed any complications and discharged withn a short 
period after ERCP procedure. After 1980, case series have been reported in this 
area and first randomized controlled study about this subject was published by 
Neoptolemos and his collegues in 1986 [3]. In 1993, Fan and et al. [45] published 
a report in which they investigated the effects of early ERCP on progression of 
AP. The authors showed that early ERCP was useful only in patients with biliary 
sepsis compared to conservative group if there is an existing biliary pathology both 
in mild and severe cases of AP. However, early ERCP did not introduce declined 
morbidity and mortality when all other etiologies of AP had been included in the 
study cohort.

Nonetheless, many complications associated with ERCP have been reported 
in the following years and when and to whom ERCP questions became subject to 
many researches. ERCP and endoscopic sphincteratomy can make the situation 
worse in a patient with AP since therapautic ERPC had been reported to have 10% 
morbidity and 0.1% mortality rates [46, 47]. Additioanlly in patients with AP, there 
is potential risk of technical failure in ERCP procedure due to edema in the AV and 
duodenum itself.

For this reason, both the timing of ERCP and detrmining the correct patient who 
needs this procedure carry the utmost importance. In 2013, International Pancreas 
Union and American Pancreas Union published together ‘the management guideli-
ness of AP’ and the suggestions about biliary system problems were written as 
follows [31]:

1. “ERCP is not indicated in predicted mild biliary pancreatitis without chol-
angitis. (GRADE 1A, strong agreement). ERCP is probably not indicated in 
predicted severe biliary pancreatitis without cholangitis (GRADE 1B, strong 
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agreement). ERCP is probably indicated in biliary pancreatitis with com-
mon bile duct obstruction (GRADE 1C,strong agreement) ERCP is indicated 
in patients with biliary pancreatitis and cholangitis (GRADE 1B, strong 
agreement)

2. Urgent ERCP (<24 hrs) is required in patients with acute cholangitis. Currently, 
there is no evidence regarding the optimal timing of ERCP in patients with 
 biliary pancreatitis without cholangitis.(GRADE 2C, strong agreement)

3. MRCP and EUS may prevent a proportion of ERCPs that would otherwise 
be performed for suspected common bile duct stones in patients with biliary 
pancreatitis who do not have cholangitis, without influencing the clinical 
course. EUS is superior to MRCP in excluding the presence of small (<5 mm) 
gallstones. MRCP is less invasive, less operator-dependent and probably more 
widely available than EUS. Therefore, in clinical practice there is no clear 
superiority for either MRCP or EUS.(GRADE 2C, strong agreement)”

Therefore, we will discuss the subject of bliary tree management in patients 
with AP as subtitiles; 1-Mild pancreatitis in the absence of cholangitis and 
persistent cholestasis. 2- Severe pancreatitis in the absence of cholangitis and 
persistent cholestasis 3- Acute pancreatitis together with the presence of cholan-
gitis and persistent cholestasis. We will also discuss; 4- U-ERCP versus E-ERCP 
and 5-the role of elective ERCP 3 days after patient’s admission to prevent  
recurrence of AP.

5.1 ERCP in patients without cholangitis or persistent cholestasis

The first randomized controlled trial in this field is published by Neoptolemus 
et al. in 1986 [3]. No relationship was found related to pancreatitis complications 
and mortality between the conservative treatment group and the ERCP group 
in mild acute biliary pancreatitis patients in this study and in the meta-analysis 
which contains 4 randomized controlled studies of Sharma et al. [48]. The 
patients were stratified by the severity of pancreatitis in the study of Burstow  
et al. [49] but the patients with or without cholangitis were not analyzed sepa-
rately and eventually, a strong tendency to decrease pancreatitis complications 
has been suggested in patients with mild acute biliary pancreatitis, although this 
is not statistically significant (OR 0.67; 95% CI, 0.43, 1.03; P = 0.06). Another 
meta-analysis of 5 randomized controlled studies including 702 patients, which 
compared the conservative treatment and E-ERCP in acute biliary pancreatitis 
patients by Morietti et al. [50] showed no effect on pancreatitis complications 
(1.8% (95% CI -5.6% to 9.3%); p = 0.6). Since there is no mortality in patients 
with mild pancreatitis, a comparison could not be made in this regard. Petrov et 
al. [51] did not demonstrate any statistically significant difference between the 
E-ERCP group and the conservative treatment group in terms of reducing compli-
cations of pancreatitis in neither mild nor severe acute pancreatitis in their meta-
analysis of 5 randomized controlled studies including 717 patients. A systematic 
review by Geenen et al. that published in Pancreatology in 2013 [52] examined the 
guidelines and meta-analysis in this field till then, reported that U or E-ERCP±ES 
had no place in mild acute biliary pancreatitis. As we do in our clinical practice, 
Elective ERCP (EL-ERCP) might be performed before the cholecystectomy only 
in case, the stuck stones in AV have escaped back into the choledoc and if this is 
proved by MRCP or EUS.
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As a result, there is consensus that U or E-ERCP±ES is not indicated in mild 
acute biliary pancreatitis without cholangitis [31, 33–35].

5.2  Emergency ERCP in severe acute biliary patients without cholangitis or 
persistent cholestasis

ERCP in acute biliary pancreatitis is still a controversial issue, and there no 
consensus about it. As mentioned before, clinical and animal studies showed 
that if the biliary obstruction is not terminated within 48 hours, the pathology 
progresses to necrosis and then organ failure occurs. Therefore, the first studies 
demonstrated that U or E-ERCP decreased the mortality and morbidity in severe 
acute pancreatitis patients compared to the control group [53]. In 1997, Fölsch et al. 
[54] reported that especially deaths due to respiratory failure were more common 
in the E-ERCP group than the control group in their randomized controlled trial 
about the role of E-ERCP in acute biliary pancreatitis. The APEC study [4] that 
includes 232 patients from 26 centers published in July 2020 compared U-ERCP 
and conservative treatment, and this study changed the paradigm. Besides, acute 
biliary pancreatitis patients with cholangitis excluded from the APEC study and no 
significant difference demonstrated between two groups in regard of local or sys-
temic complications of pancreatitis. Whereas, the cholangitis and recurrent attacks 
of pancreatitis were more common in the U-ERCP group than the conservative 
treatment group. This is because the criteria for persistent cholestasis or cholangitis 
were fever, serum bilirubin levels greater than 2.3 mg / dl, commom bile duct width 
greater than 8 millimeters in patients younger than 75 years and 1 centimeter in 
patients older than 75 years, and the presence of stones in common bile duct in this 
study. Another cause of these findings were that it was unclear whether MRCP or 
EUS, which are the most sensitive methods in detecting stones in choledoc, were 
performed or not.

Some conflicting results were obtained in the meta-analysis of randomized 
controlled trials about the role of emergency ERCP in acute biliary pancreatitis, 
according to the including and excluding criteria of the involved randomized 
controlled trials and whether subgroup analysis is done or not. Petrov et al. [55] 
published a meta-analysis in 2008 including 7 randomized controlled trials with 
450 patients about the effects of E-ERCP on acute biliary pancreatitis without 
cholangitis, and they indicated that emergency ERCP has no effect on local compli-
cations of pancreatitis in neither mild nor severe pancreatitis. Van Santvoort et al. 
[56] compared E-ERCP with conservative treatment in patients with and without 
cholangitis in their randomized controlled trial and demonstrated that in patients 
without cholestasis, ERCP (29/75 patients: 39%) was not associated with reduced 
complications (45% vs. 41%, P = 0.814, multivariate adjusted OR: 1.36; 95% CI: 
0.49–3.76; P = 0.554) or mortality (14% vs. 17%, P = 0.754, multivariate adjusted 
OR: 0.78; 95% CI: 0.19–3.12, P = 0.734).

A meta-analysis by Tse et al. [1] which contains 5 randomized controlled stud-
ies, indicated that unweighted pooled mortality rates for participants were 9.6% in 
the early routine ERCP strategy and 4.9% in the early conservative management 
strategy in patients without cholangitis. Three years after this meta-analysis, 
Burstow et al. [49] analyzed 11 RCTs consisting of 1314 patients (conservative 
management = 662, ERCP = 652). There was a near significant decrease in mor-
tality for the ERCP group compared with conservatively managed patients with 
severe pancreatitis [odds ratio (OR) 0.45; 95% confidence interval (CI), 0.19, 1.09; 
P = 0.08]. In patients with mild pancreatitis, mortality results were comparable for 
both groups (OR 0.66; 95% CI, 0.02, 28.75; P = 0.83). Overall complications were 



67

Endoscopic Retrograde Cholangiopancreatography in Acute Biliary Pancreatitis
DOI: http://dx.doi.org/10.5772/intechopen.96545

significantly reduced in the ERCP group in severe pancreatitis patients (OR 0.32; 
95% CI, 0.17,0.61; P = 0.00). The authors’ comments about this meta-analysis are as 
follows: this meta-analysis demonstrates a significant decrease in complications in 
patients with severe ABP managed with early ERCP/ES compared with conserva-
tive management. As far as the mortality is concerned, no significant decrease was 
observed in mortality even in severe ABP patients treated with early ERCP/ES.

The meta-analysis and systematic review about the comparison of E-ERCP 
and conservative treatment in acute biliary pancreatitis by Coutinho et al. [57] 
reported that; the pain and fever resolved in a shorter time, the hospitalization 
time was shorter with reduced complications and hospital costs were lower in the 
E-ERCP group than the conservative treatment group. Uy et al. [58] performed a 
meta-analysis including 2 randomized controlled trials that compares the E-ERCP 
(n = 177) and the conservative treatment (n = 163) in acute biliary pancreatitis. This 
meta-analysis revealed low mortality rates for both mild and severe pancreatitis in 
the ERCP group (RR = 1.92, 95% CI: 0.86–4.32) whereas the morbidity rates were 
similar in both groups (RR = 0.95, 95% CI: 0.74–1.22). Moretti et al. [50] demon-
strated that ERCP had no effect on complications in mild pancreatitis however, 
ERCP reduced the complications in severe pancreatitis but it did not have any 
effect on mortality rates in their meta-analysis including 5 prospective randomized 
trials with 702 patients. Geenen et al. [52] preformed a review including 12 inter-
national guidelines and 8 meta-analysis. Although 3 meta-analysis and 1 guideline 
recommended against ERCP in acute biliary pancreatitis, 7 out of 11 guidelines 
recommended routine E-ERCP in severe acute biliary pancreatitis regardless of the 
presence of cholangitis, and they agreed on the lack of consensus about routine 
E-ERCP in severe acute biliary pancreatitis. However, the 4 main international 
guidelines that we evaluated (2 out of them belonged the same group but published 
at different times) recommended against the emergency ERCP in acute biliary pan-
creatitis without cholangitis because it did not significantly reduce mortality and 
morbidity compared to the conservative treatment group [31, 33–35]. Contrary to 
these guidelines, another guideline of the United Kingdom publishe in 2005 [32] has 
controversial suggestions about E-ERCP in severe acute biliary pancreatitis without 
cholangitis as; “Urgent therapeutic endoscopic retrograde cholangiopancreatography 
(ERCP) should be performed in patients with acute pancreatitis of suspected or proven 
gall stone etiology who satisfy the criteria for predicted or actual severe pancreatitis, or 
when there is cholangitis, jaundice, or a dilated common bile duct. “.

Because of the lack of statically significant data about the reduction in local and 
systemic complications or mortality rates of pancreatitis by emergency ERCP in 
severe acute biliary pancreatitis from many RCTs and meta-analyzes until to date, 
international guidelines referring to these results indicated that U- or E-ERCP have 
no benefit in every patient with severe acute biliary pancreatitis unless cholangitis 
is present. The ESGE guideline published in 2018 [33] explains why ERCP should 
not be performed in a patient with severe pancreatitis without cholangitis: “A 
possible explanation why urgent ERCP with sphincterotomy within 24 h did not show an 
advantage over conservative treatment could be that the opportunity to positively influ-
ence the disease course had already passed at the time of the ERCP despite the fact that it 
was performed early. Animal models have shown that trypsinogen activation within the 
pancreas occurs within10 min after chemically inducing pancreatitis. It is well known 
that most bile duct stones in patients with gallstone pancreatitis cause only temporary 
obstruction and pass spontaneously into the duodenum. This temporary obstruction 
already initiates pancreatitis and data from animal models show that this includes 
intrapancreatic trypsin activation, rupturing of vacuoles releasing active trypsin, and 
pancreatic autodigestion. In the current trial, urgent ERCP was done after a median  
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29 h after onset of symptoms and common bile duct stones were found in 43% of patients. 
Even this narrow time window might already be too long to prevent pancreatitis from 
deteriorating by performing an urgent ERCP with sphincterotomy”.

5.3  Emergency ERCP in acute biliary patients with cholangitis or persistent 
cholestasis

Certainly, biliopancreatic obstruction should be resolved immediately in patients 
with cholangitis or persistent cholestasis. The most effective method of this is 
undoubtedly the removal of stone or sludge that caused the obstruction by perform-
ing ERCP and ES [59]. The first study in this area was performed by Neoptolemos 
et al. and it demonstrated that E-ERCP and ES was the most useful method in acute 
biliary pancreatitis with cholangitis and cholangitis without pancreatitis [60]. Van 
Santvoort et al. [56] performed a study about the efficiency of ERCP in acute pan-
creatitis patient with or without cholestasis and findings as follows: In patients with 
cholestasis, ERCP (52/78 patients: 67%), as compared with conservative treatment, 
was associated with fewer complications (25% vs. 54%, P = 0.020, multivariate 
adjusted odds ratio [OR]: 0.35, 95% confidence interval [CI]: 0.13–0.99, P = 0.049). 
This included fewer patients with >30% pancreatic necrosis (8% vs. 31%, 
P = 0.010). Mortality was nonsignificantly lower after ERCP (6% vs. 15%, P = 0.213, 
multivariate adjusted OR: 0.44, 95% CI: 0.08–2.28, P = 0.330).

Tse et al. [1] performed a meta-analysis which included 5 randomized controlled 
trials with 644 participants with cholangitis and reported mortality rates, compris-
ing a total of 200 participants in the early routine ERCP strategy and 215 in the early 
conservative management strategy. Unweighted pooled mortality rates for partici-
pants were 1.0% for the early routine ERCP strategy and 6.9% in the early conserva-
tive management strategy. In the trials that included participants with cholangitis, 
the early routine ERCP strategy significantly reduced mortality compared to the 
early conservative management strategy (RR 0.20, 95% CI 0.06 to 0.68; P = 0.010).

5.4  U-ERCP or E-ERCP in acute biliary pancreatitis with cholangitis or 
persistent cholestasis?

There is no consensus on timing of ERCP in the literature. In most publications, 
the ERCP preformed within 72 hours after the symptom onset is called emergency 
ERCP, but the emergency ERCP timing could be defined as within 48 hours in some 
other publications. Additionally, the ERCP which is performed within 72 hours 
named as U-ERCP in some publications. The only trial that compares the timing 
of ERCP (within 24 hours versus within 24–72 hours) in acute biliary pancreatitis 
is performed by Lee et al. [2]. Patients with acute biliary pancreatitis but without 
cholangitis was excluded retrospectively in this study, and they compared U-ERCP 
and E-ERCP in acute biliary pancreatitis. No significant difference was found in the 
total length of hospitalization or procedural-related complications, in patients with 
biliary pancreatitis and a bile duct obstruction without cholangitis, according to the 
timing of ERCP (< 24 h vs. 24–72 h). Although the definition is not U-ERCP, in one 
of Fan et al.’s studies [45] the ERCP which is performed within 24 hours is defined 
as E-ERCP and there was no significant difference between the ERCP group and 
the conservative treatment group in terms of local and systemic complications of 
pancreatitis whereas hospitalization time was a little shorter in the E-ERCP group. 
With these results, it was demonstrated that performing U-ERCP within 24 hours 
did not change the pancreatitis course, supporting the study of Lee et al. [2]. When 
considering the course of acute biliary pancreatitis, naming the ERCP performed 
within 24 hours as “URGENT” and the ERCP within 24–72 hours as “EARLY” by 
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Lee et al. is the most appropriate definition [2]. When the literature and interna-
tional guidelines are reviewed, ERCP is recommended to the acute biliary pancre-
atitis within 24 hours if the cholangitis is present and within 72 hours if the biliary 
obstruction is present, instead of this definition.

Although the naming does not resemble, recommendation of ESGE in this 
respect is as follows: “ESGE recommends urgent (≤ 24 hours) ERCP and biliary 
drainage in patients with acute biliary pancreatitis combined with cholangitis. Strong 
recommendation, high quality of evidence. ERCP should be performed within 72 hours 
in patients with ongoing biliary obstruction. Weak recommendation, moderate quality 
evidence. It should not be performed in patients with acute biliary pancreatitis and 
neither cholangitis or ongoing bile duct obstruction. Weak recommendation, moderate 
quality evidence” [33]. According to our clinical experience; although there is a 
need for randomized prospective trials on this subject, the absence of difference 
between performing the ERCP within 24 hours or within 24–72 hours leads to 
escape gastroenterologist or endoscopists from the regression of performing ERCP 
within 24 hours in a rush and off-duty, which is believed to be the reason of high 
rates of complications such as aggrevation of pancreatitis, possible bilioportal reflux 
in patients with cholangitis during ERCP, bacteriemia or systemic complications 
(i.e., organ failure) by depriving the patient’s opportunity to receive extensive fluid 
therapy and broad-spectrum antibiotics within the most important 24 hours for the 
complications.

5.5 Elective ERCP to prevent pancreatitis recurrence

Early laparoscopic or open cholecystectomy as soon as AP recovers completely 
is the only proven treatment modality to prevent recurrence of ABP. Index chole-
cystectomy is defined as cholecystectomy applied during the same hospitalization 
period of ABP and interval cholcystectonmy is cholecystectomy performed 6 weeks 
after patient’s recovery from AP [61].

Sinha and colleagues [61] reported that index cholecystectomy in a case suitable 
for surgery has similar results with elective cholecystectomy in a patient without AP 
and they also reported significant difficulty to do dissection during interval chole-
cystectomy. In 2019, Fu-ping Zhung and colleagues [62] published a meta-analysis 
of 19 studies enrolling 2639 who underwent index or interval cholecystectomy. 
They noted that there was no differences with ragard to intraoperative and postop-
erative complications, duration of operation and the rates of open cholecystectomy. 
However, index cholecystectomy cases had lesser hospitalization period, lower 
biliary complications due to surgery and lesser rates of ERCP.

In cases with severe pancreatitis, most of the time it is impracticable to perform 
index cholcystectomy. Therefore, interval cholcystectomy is obligatory in these 
cases. Infortunately, these patients reamit with AP attacks and ot biliary complica-
tions during this 6 weeks period. Thus some authors offer ERCP and endoscopic 
sphincteratomy to prevent AP recurrences and or biliary complications to ocur 
during this time period [63, 64].

In a retrospective study comparing index cholecystectomy and post ERCP/ES 
plus interval cholecystectomy, both group of patients did not reveal mortality. Only 
2 patients (%5) developed AP recurrences and acute cholecystitis and hospitalized. 
The authors suggested that ERCP/ES is highly successful to prevent recurrences in 
patients with severe ABP who can not undergo index cholecystectomy. ES and inter-
val cholecystectomy in severe ABP is considered a reasonable alternative to an index 
cholecystectomy in patients with severe ABP [64].

Another report by Dedemadi and his colleagues [65] published in 2016 
noted that ERCP and ES in cases with AP who can not undergo cholecystectomy 
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developed biliary events 0%–28.6%, recurrent pancreatitis 0%–8.2%, mortality 
3%–4.7%. Other cases under conservative treatment had biliary events 9.4%–14.3%, 
recurrent pancreatitis 12%–23%, mortality 3.9%. Statistical evaluation showed that 
ERCP and ES group had significanly less biliary complications and less recurrent 
pancreatitis with no difference in mortality compared to conservative treatment 
group. The conservative group consisted of patients who were elderly persons with 
multiple comorbidites and complications of AP. These conditions may be respon-
sible for similar mortality rates in both groups. Nevertheless, because of high rates 
of biliary events and pancreatitis in the ERPC/ES group, this approach should be 
reserved only for patients not suitaable for cholecystectomy.

The advice of IAP/APA about timing od cholecystectomy in a case with ABP is as 
follows [31]:

5.5.1 “Timing of cholecystectomy (or endoscopic sphincterotomy)

1. Cholecystectomy during index admission for mild biliary pancreatitis appears 
safe and is recommended. Interval cholecystectomy after mild biliary pancreatitis 
isassociated with a substantial risk of readmission for recurrent biliary events, 
especially recurrent biliary pancreatitis.(GRADE 1C, strong agreement).

2. Cholecystectomy should be delayed in patients with peripancreatic collections 
until the collections either resolve or if they persist beyond 6 weeks, at which time 
cholecystectomy can be performed safely.(GRADE 2C, strong agreement).

3. In patients with biliary pancreatitis who have undergone sphincterotomy and 
are fit for surgery, cholecystectomy is advised, because ERCP and sphincterotomy 
prevent recurrence of biliary pancreatitis but not gallstone related gallbladder 
disease, i.e. biliary colic and cholecystitis.(GRADE 2B, strong agreement)”.

Moreover, If we consider surgery for pancreatic cystic collections, pseudocysyt 
and or walled off necrosis, it should be performed at the same time with cholecys-
tectomy [65].

6. Conclusion

We want to finish with the conclsuive statement made by ESGE [35]; “In 
conclusion, urgent ERCP with sphincterotomy did not reduce the composite endpoint 
of major complications or mortality in patients with predicted severe gallstone pan-
creatitis, compared with conservative treatment. These findings support a conserva-
tive strategy with an ERCP indicated only in patients with cholangitis or persistent 
cholestasis. With this conservative strategy, about two-thirds of patients did not need 
to undergo ERCP”. In the presence of cholangitis, ERCP as E-ERCP should be done 
only after hemodynamic stabilisation and relieved organ hipoperfusion with 
aggressive fluid replacement and antibiotic treatment within the first 24 hours, 
Elective ERCP to prevent ABP attacks is suggested only for patients unsuitable for 
an choecystectomy procedure.
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Necrotizing Pancreatitis
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Abstract

Pancreatic necrosis is a highly morbid condition. It is most commonly associated 
with severe, acute pancreatitis, but can also be caused by trauma or chronic pancre-
atitis. Once diagnosed, management of pancreatic necrosis begins with supportive 
care, with an emphasis on early, and preferably, enteral nutrition. Intervention 
for necrosis, sterile or infected, is dictated by patient symptoms and response to 
conservative management. When possible, intervention should be delayed to allow 
the necrotic collection to form a capsule. First-line treatment for necrosis is with 
percutaneous drainage or endoscopic, transmural drainage. These strategies can be 
effective as monotherapy, but the need for repeated interventions, or for progres-
sion to more invasive interventions, is not uncommon. Necrosectomy may be per-
formed using a previously established drainage tract, as in percutaneous endoscopic 
necrosectomy (PEN), video-assisted retroperitoneal debridement (VARD), and 
direct endoscopic necrosectomy (DEN). Although outcomes for these minimally-
invasive techniques are better than for traditional necrosectomy, both laparoscopic 
and open techniques remain important for patients with extensive disease that 
cannot otherwise be adequately treated. This is especially true when pancreatic 
necrosis is complicated by disconnected pancreatic duct syndrome (DPDS), where 
necrosectomy remains standard of care.

Keywords: necrotizing pancreatitis, pancreatic necrosis, percutaneous, endoscopic, 
pancreatectomy, necrosectomy

1. Introduction

Pancreatic necrosis is the presence of nonviable pancreatic parenchyma or 
peripancreatic fat which may be localized or diffuse. It is classified radiologically 
according to the Atlanta Criteria as an acute necrotic collection (ANC), which is 
defined as a non-encapsulated area of necrosis, or as walled-off necrosis (WON), 
which is encapsulated [1]. Although pancreatic necrosis may result from trauma, 
malignancy, or chronic pancreatitis, the most common cause is acute pancreatitis; 
20% of patients with acute pancreatitis develop necrosis. For patients who develop 
necrosis, the mortality rate is 15–30% [2]. Surgery has historically been the primary 
treatment for pancreatic necrosis. However, the superior outcomes associated with 
new, less invasive techniques have narrowed the scope for surgical intervention. 
Despite these shifts in practice, surgical care remains an important tool for the 
treatment of pancreatic necrosis.
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2. Diagnosis and conservative management

Although the diagnosis of pancreatitis is generally clinical, the primary diag-
nostic tool for pancreatic necrosis is the computed tomography (CT) scan. With 
this modality, normal pancreatic parenchyma is low attenuation, 40–50 Hounsfield 
units (HU), but increases with contrast to 100–150 HU. In comparison, areas of 
necrosis remain hypoattenuating, <30 HU [3]. MRI and endoscopic ultrasound 
are also used, but CT scan is considered to be the gold standard for diagnosis and 
characterization [4].

Regardless of the presence of necrosis, fluid resuscitation, and early nutritional 
support are paramount to the treatment of patients with acute pancreatitis. For 
patients who are able to tolerate enteral nutrition, there is a significant reduction in 
the rates of infected pancreatic necrosis, multiorgan failure, surgical intervention, 
and mortality when compared to patients who are given total parenteral nutrition 
(TPN) [5, 6]. Thus, prior to initiation of TPN, patients should be evaluated for 
tolerance of oral, nasogastric, and nasojejunal feeding. Route notwithstanding, 
nutrition should be addressed in the first 24–48 hours of admission for acute 
pancreatitis [7].

Sterile pancreatic necrosis does not have a specific clinical presentation, but 
is more common in patients with symptoms lasting more than 48 hours and with 
concomitant organ failure [8]. The morbidity and mortality associated with 
pancreatic necrosis is exacerbated by development of infection, which may result 
of seeding associated with bacteremia, colonic bacterial translocation, or direct 
contamination from a procedure (e.g. endoscopic retrograde cholangiopancrea-
tography (ERCP) or surgery) [9]. The risk of infection correlates with the degree 
of necrosis. If more than 30% of the pancreatic parenchyma is necrotic, there is a 
22% risk of infection. If 30–50% is necrotic, the risk of infection is 37%. If necrosis 
exceeds 50%, the risk of infection is 46% [10]. The signs and symptoms of infected 
pancreatic necrosis are similar to those of other types of infection, including: fever, 
leukocytosis, and worsening condition with optimal supportive care. Once the 
necrosis becomes infected, the incidence of organ failure increases, along with the 
risk of mortality [11].

Differentiating sterile from infected necrosis based on clinical presenta-
tion can be difficult. Patients with sterile necrosis can proceed to organ failure 
in similar fashion to patients with infected necrosis. Infection can be detected 
non-invasively on CT scan by looking for the presence of gas locules within the 
area of necrosis, suggesting microbial gas production. However, these findings 
are not always seen on CT, and fine-needle aspiration (FNA) may be necessary for 
definitive diagnosis. Multiple FNA aspirates may be required due to the 10% false 
negative rate of this test [12].

However, proof of infection on radiology or by tissue culture is not necessary 
to initiate treatment. If infection is strongly suspected due to clinical course, 
antibiotics are indicated regardless of radiologic or tissue diagnosis. If no antibiotic 
sensitivities are available from culture results, broad-spectrum antibiotics should be 
started. Due to the ability to penetrate the necrotic tissue, carbapenems are consid-
ered first-line treatment [13]. Prophylactic use of antibiotics has not been shown to 
impact the rate of developing infected necrosis, systemic complications, mortality, 
or need for surgical intervention and is not recommended [14–16].

Prior to any invasive management, a patient should be treated with optimal 
supportive care. This includes fluid resuscitation, nutritional support, and antibiot-
ics, if infection is suspected. The need for invasive management of sterile pancreatic 
necrosis is rare, especially in acute phase. However intervention may be necessary 
during the late phase for protracted abdominal pain, obstruction, or, less often, for 
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failure of clinical improvement. Infected necrosis requires invasive intervention 
more often, both in order to gain source control and in order to resolve other non-
infectious symptoms [17].

3. Percutaneous and endoscopic interventions

Although percutaneous and endoscopic interventions have historically been 
considered temporizing measures, not definitive management, many patients 
with pancreatic necrosis are successfully treated with these techniques, without 
need for more invasive therapy. Percutaneous drainage can successfully treat acute 
necrotizing pancreatitis in more than 50% of patients without need for surgical 
necrosectomy. The success rate with endoscopic therapy can reach 80% when used 
in conjunction with DEN [18, 19]. Thus, development of less invasive methods 
for addressing pancreatic necrosis led to a decrease in the indications for surgical 
intervention. The choice of intervention, percutaneous or endoscopic, is dependent 
on the situation, timing, and accessibility of the area of necrosis (Figure 1).

Endoscopic management of pancreatic necrosis is performed transmurally, 
either across the duodenum, for pancreatic head necrosis, or the stomach, for neck 
or body necrosis. Although technically feasible earlier in the clinical course, endo-
scopic intervention should be delayed to 4 weeks after onset of symptoms in order 
for an appropriate capsule to form around the necrotic tissue [20]. In cases where 
intervention can be delayed until WON form, and the WON is accessible transmu-
rally, this is considered first-line intervention [18].

With or without the aid of endoscopic ultrasound (EUS), a plastic or self-
expanding metal stent (SEMS) is placed from the lumen of the duodenum or 
stomach into the area of WON. In addition to allowing the WON to drain into the 

Figure 1. 
Flowchart for Management of Pancreatic Necrosis after Failure of conservative management. After failure 
of conservative management – Supportive care, antibiotics, and nutrition – The appropriate intervention 
depends on the nature of the necrosis. If it is associated with a disconnected duct, a separate pathway, which 
ends with distal pancreatectomy, internal drainage, or endoscopic translumenal stent placement, is indicated. 
If there is no disconnected duct, the correct pathway is dictated by the stage of necrosis, as a nonencapsulated 
acute necrotic collection or as walled off necrosis. Endoscopic and percutaneous strategies are preferred in each 
situation, and traditional, laparoscopic or open necrosectomy serves as the final option for patients that fail 
other management, or in hospitals without resources or staff to perform other procedures.
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lumen, these stents also allow access to the area for debridement, via irrigation 
or DEN [21] (Figure 2). In DEN, an endoscope with one or two working ports is 
advanced through the previously placed, transluminal stent. Upon entering the 
WON, a number of tools, including forceps and snares are used to remove debris 
that would otherwise not be susceptible to removal with irrigation [21]. On average, 
3–6 endoscopic interventions are necessary prior to resolution of necrosis [22].

DEN was first compared to surgical necrosectomy in the Pancreatitis, 
Endoscopic Transgastric vs. Primary Necrosectomy in Patients with Infected 
Necrosis (PENQUIN) Trial. In this trial, patients in the surgery group underwent 
a number of different operations, including 6 video-assisted retroperitoneal 
debridement (VARD) surgeries, 4 open necrosectomies, and 2 percutaneous 
drainage placements without need for more invasive therapy. The two patient 
who did not have a necrosectomy were excluded from final statistical analysis. 
All 10 patients in the endoscopic group had ultrasound guided stent placement, 
irrigation, and DEN. Following intervention, the rates of new-onset organ failure 
and pancreatic fistula were lower in the endoscopic group. The trial also com-
pared the groups with regard to a composite clinical outcome, which included 
major post-operative complications and mortality, and found a lower rate in the 
endoscopic group [23, 24]. These findings were later replicated in the Minimally-
invasive Surgery Versus Endoscopy Randomized (MISER) Trial. Additionally, 
MISER showed lower rates of pancreatic fistula formation and a higher quality of 
life at 3 months after surgery in the endoscopic group [25]. In the Transluminal 
Endoscopic Step-up Approach Versus Minimally-invasive Surgical Step-up 
Approach in Patients with Infected Necrotizing Pancreatitis (TENSION) Trial, a 
larger randomized trial, no difference in mortality was observed. However, the 
rates of pancreatic fistula and length of stay favored the endoscopic group [26].

Percutaneous drainage is preferable in patients that are deemed too unstable 
to tolerate endoscopic drainage or if the area of necrosis extends into a dependent 

Figure 2. 
Surgical approaches to Necrosectomy. Access the lesser sac and retroperitoneum for the purposes of pancreatic 
necrosectomy can be achieve through a number of approaches. Direct endoscopic necrosectomy (DEN) is 
performed by accessing the stomach via the esophagus and then creating a posterior gastrotomy. The transgastric 
approach, performed laparoscopically or open, requires both an anterior and a posterior gastrotomy. The 
lesser sac can also be accessed by opening the gastrocolic ligament or transverse mesocolon, either by traversing a 
previously established, drainage tract or with a surgical approach.
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space, such as the paracolic gutters or pelvis. It is also an acceptable alternative when 
endoscopic drainage is unavailable or not technically feasible, specifically in the set-
ting of ANC, when there is no capsule that could support an endoscopic stent [27].

Percutaneous drainage is usually CT-guided, although ultrasound-guided drain-
age can also be performed. These drains may be transperitoneal, with the external 
portion of the drain fixed in the anterior abdominal wall. These drains may also be 
placed through the flank, directly into the retroperitoneum, without traversing the 
peritoneum. In addition to draining ANC and WON, percutaneous drains can also 
be used for irrigation [28].

Although percutaneous drainage is successful as monotherapy in some patients, 
patients with larger areas of necrosis, multifocal necrosis, incomplete liquefaction, 
and pre-procedural organ failure are less likely to be adequately treated. While some 
of these factors can be overcome with larger drainage catheters, for these reasons, 
percutaneous drainage remains a bridge to therapy, allowing patients to survive the 
acute period of disease, and undergo definitive management later, with improved 
outcomes [26, 29, 30].

4. General considerations for surgical management

Surgical management may be minimally-invasive or open, but has the same 
two primary goals: obtaining source control by removing as much necrotic tissue 
as possible and providing access for irrigation and drainage. As a general principle, 
minimally-invasive approaches are preferred to open necrosectomy as first-line 
treatment. The improved outcomes of minimally-invasive technique lead to devel-
opment of the “step-up” approach to management, which begins with percutaneous 
or endoscopic intervention, followed by a progression to surgical intervention as 
indicated by unresolved disease. However, the final treatment decision is dictated 
by the patient, surgeon, and available resources. A second principle is that surgical 
intervention should be delayed as long as possible in order to improve outcomes. 
Operating during the early, acute phase of pancreatitis, especially in the presence of 
ANC, rather than WON, is associated with higher morbidity and mortality regard-
less of surgical approach. A third principle is that long-term nutritional access, 
through a gastrostomy or gastrojejunostomy tube, should be obtained prior to con-
cluding the procedure if no other method for enteral feeding has been established. 
Fourth, a cholecystectomy may also be performed if gallstones were implicated in 
the etiology of pancreatitis, provided the patient is adequately stable to undergo an 
additional procedure (Figure 1).

5. Minimally-invasive necrosectomy

VARD is a technique, used as the final phase of the step-up approach, where the 
retroperitoneum is accessed through a previously established, left flank, percutane-
ous drainage tract (Figure 2). The tract is then serially dilated, in order to accom-
modate progressively larger drainage catheters. At the time of surgery, in order to 
facilitate introduction of laparoscopic instruments, a small, 4–6 centimeter incision 
is made where the tract exits the skin. After confirming entry into the WON with a 
probe, tissue and fluid are removed with suction. The laparoscope is then inserted, 
with or without CO2 insufflation, for continued debridement under direct visualiza-
tion, using blunt laparoscopic forceps. Following debridement, again under direct 
visualization, large drainage catheters or chest tubes, 28-French or greater, are placed. 
After surgery, these catheters are used for repeated lavage as well as for drainage [31].
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The superiority of VARD, and the step-up approach, compared to surgery for 
the treatment of necrotizing pancreatitis was first published in the Minimally-
invasive Step-up Approach Versus Maximal Necrosectomy in Patients with Acute 
Necrotizing Pancreatitis (PANTER) Trial. In this study, 35% of the patients 
assigned to the step-up arm were successfully treated with percutaneous drainage 
alone. When comparing the step-up and surgical groups, the step-up group was less 
likely to have new-onset organ failure, less likely to develop an incisional hernia, 
and had an overall lower rate of endocrine insufficiency. However, the mortality 
rate was not significantly different, 19% in the step-up group versus 16% in surgery 
group [31].

A similar procedure, percutaneous endoscopic necrosectomy (PEN), can be 
performed utilizing a previously established percutaneous drainage tract. Unlike 
VARD, PEN utilizes a flexible endoscope, as compared to a rigid laparoscope. 
Because the endoscope has working ports, in addition to irrigation and suction, an 
additional incision around the tract is not needed. Also unlike VARD, PEN can be 
performed at bedside, with conscious sedation [32].

PEN was shown to be effective in a large, prospective study of 171 patients 
with infected pancreatic necrosis. The primary outcome investigated was con-
trol of sepsis and resolution of the infected collection. In this study, 18 of 26 
(69%) patients with infected ANC and 23 of 27 (85%) with infected WON who 
underwent PEN were successfully treated, while the remainder required surgical 
necrosectomy. Predictors of failure included >50% parenchymal necrosis and 
early organ failure. ANC was not predictive. The overall mortality rate for this 
study was 38% [32, 33]. Although this technique has not been directly compared to 
surgery, VARD, or transmural endoscopy, this study demonstrated the safety and 
utility of PEN in patients with infected pancreatic necrosis.

Regardless of the type of minimally-invasive drainage, VARD or PEN, it 
has been shown that the “step-up approach,” beginning with drainage and 
progressing to debridement, is superior to upfront surgical approaches in terms 
of mortality, rates of pancreaticocutaneous fistula formation, and long-term 
morbidity [25, 30, 34].

6. Transgastric necrosectomy

In addition to utilizing a percutaneous drainage tract for necrosectomy, access 
can also be gained through the stomach. By entering the abdomen and opening the 
anterior wall of the stomach and then opening the posterior aspect of the stomach, 
access to the lesser sac and underlying pancreas is achieved (Figure 2). An aperture 
between the WON and posterior wall of the stomach is then created, either with 
sutures or by stapling, providing a definitive drainage tract. This tract is then used 
for necrosectomy following the same principles as DEN.

This approach is most well suited for WON limited to the lesser sac. When there 
is extensive necrosis extending to the retroperitoneum or paracolic gutters, VARD 
or traditional necrosectomy are more appropriate, due to the limited exposure with 
this method. These limitations are counterbalanced by the minimal amount of 
mobilization required to enter the lesser sac by the transgastric method [35].

When performed laparoscopically, five ports are typically placed; in addition 
to an umbilical port, two ports are placed in the right upper quadrant, one port is 
placed in the left upper quadrant, and one port in the epigastrium. After enter-
ing the abdomen and creating the anterior gastrotomy, an ultrasound is used to 
identify the necrosis and plan the locations of the posterior gastrotomy. Ultrasound 
is adjunctive to preoperative imaging, which is also essential to surgical planning. 
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Both anterior and posterior gastrotomies should be made after placement of stay 
sutures. Upon entering the lesser sac, necrosectomy should be performed with 
blunt instruments, such as a ring forceps, taking great care to remove only loose 
material and avoid avulsing adherent tissue or vessels that may be bridging the area 
of necrosis. Following necrosectomy, a cystogastrostomy is created with an endo-
scopic stapler, or suture. The anterior gastrotomy is then closed with sutures or with 
a stapler [36].

When performed open, an upper midline incision is made, and the procedure 
proceeds in the same fashion as in the laparoscopic procedure. One difference in the 
open procedure is that many surgeons elect to use digital dissection for the necro-
sectomy, as opposed to instruments [37].

Open and laparoscopic approaches to transgastric drainage have been shown 
to have similar outcomes. In a recent retrospective review of patients from three 
tertiary referral centers, rates of morbidity, including rates of reoperation and 
hemorrhage, and mortality were not significantly different. However, the patients 
who underwent laparoscopic drainage had a higher rate of readmission. It should 
be noted that the overall mortality in this study was 2% at an average follow-up of 
21 months, significantly less than reported elsewhere in the literature. The overall 
morbidity rate of 38% is in alignment with commonly reported rates elsewhere in 
literature [38].

Although surgical transgastric necrosectomy is relatively well tolerated, out-
comes favor endoscopic transgastric drainage. Meta-analysis comparing the two 
show lower rates of overall major complications, pancreatic fistula formation, 
post-procedural organ failure, and hernia with an endoscopic approach. However, 
the overall rate of clinical resolution, post-operative bleeding, endocrine dysfunc-
tion, exocrine insufficiency, and mortality were not significantly different [39]. 
Thus, surgical transgastric necrosectomy is a valid alternative to other approaches 
of necrosectomy in the absence of an experienced endoscopist or at a center without 
access to advanced endoscopic tools.

7. Laparoscopic and open necrosectomy

Although utilization of a drainage tract and the transgastric approach are 
important for management of pancreatic necrosis, traditional laparoscopic and 
open necrosectomy methods also continue to be utilized.

For laparoscopic necrosectomy, patients are typically placed in lithotomy 
position, with the operating surgeon standing between the legs. An umbilical port 
is placed first. Upon entering the abdomen, a diagnostic laparoscopy should be 
performed. Subsequently, two left lateral ports and an epigastric port are placed. 
In some cases, a hand-assist port is placed to augment dissection and removal of 
tissue. Following lysis of adhesions, a transgastrocolic, for pancreatic head or body 
necrosis, or transmesocolic, for pancreatic tail necrosis, approach to retrogastric 
necrosectomy can be taken (Figure 2). Upon entering the area of necrosis, blunt 
instruments are used to remove loose, necrotic tissue. This tissue is then placed 
into an endocatch bag for removal from the abdomen. Dissection is alternated with 
irrigation and suction to remove as much necrotic tissue as possible [40]. Once the 
necrosectomy is complete, large drainage catheters are placed in the cavity, which 
also allow for post-operative irrigation. At this time, consideration should also 
be given to cholecystectomy, if gallstones were implicated in the development of 
pancreatitis, and to nutritional access. Depending on the specific study, mortality 
for patients who require laparoscopic necrosectomy ranges from 10 to 18%. Rates of 
reoperation also vary widely, ranging from 11 to 38% [41, 42].
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The most invasive procedure used for the treatment of pancreatic necrosis 
is the open debridement. This technique is reserved for patients that fail other 
less invasive techniques, or patients who require concurrent intervention for 
another intraabdominal process, such as bowel ischemia or abdominal compart-
ment syndrome. Unless midline laparotomy is required for another indication, 
the abdomen can be opened with bilateral, subcostal incisions. The gastrocolic 
ligament is then opened, and the stomach is reflected superiorly, exposing the 
lesser sac (Figure 2). The transverse mesocolon is then opened, exposing the 
retroperitoneum. The hepatic and splenic flexures of the transverse colon are 
often taken down at this point. A Kocher maneuver may also be necessary if the 
area of necrosis involves the head of the pancreas. Once the pancreas is adequately 
exposed, blunt debridement can begin. This is usually accomplished with digital 
dissection or with lavage in order to minimize the risk of bleeding or bile duct 
injury. These risks must be balances with adequate removal of loose, nonviable 
tissue. Wide drainage of the area with a sumping tube (i.e. Abramson drain) can 
facilitate continue lavage and debridement. The quality of the initial necrosec-
tomy predicts the need for subsequent operations.

After necrosectomy, the abdomen may be kept open, with packing in place, 
to allow for repeated removal of necrotic tissue. Alternatively, the closed packing 
technique can also be used. This technique consists of filling the cavity created 
by the necrosectomy with gauze-filled Penrose drains. The drains are removed 
one at a time, until the cavity closes [43]. A third option is continuous irrigation, 
where large catheters are placed into the lesser sac under direct visualization. 
Additional drainage catheters are left in the peritoneal cavity. The abdomen is 
then closed and the large catheters are used for continuous installation of hyper-
tonic fluid [44].

As in patients who undergo laparoscopic necrosectomy, the rates of morbid-
ity and mortality following open necrosectomy are high. Rates of post-operative 
morbidity range from 34 to 95% and mortality ranges from 6 to 47%, depending 
on the pre-operative severity of illness. Rates of reoperation vary depending on the 
packing technique. When the abdomen is left open, reoperation is planned rather 
than required because of deterioration or other complications, such as hemorrhage. 
Depending on the study, when the abdomen is left open, patients may return to the 
operating room from 1 to 17 time. Comparatively, relaparotomy is required in 17% 
of patients treated with closed packing require and 17–27% of patients treated with 
continuous irrigation. Rates of pancreatic fistula also differ depending on packing 
technique with a 25–46% rate in open abdomens, 53% rate in closed packing, and 
13–19% rate with continuous irrigation [45].

The outcomes for both of these techniques are improved when intervention 
can be delayed at least 3 weeks. Delayed necrosectomy is associated with lower 
rates of exocrine and endocrine insufficiency, adverse post-operative events, 
including bleeding, and mortality [17, 46]. Early surgical intervention only pro-
vides a survival benefit in the case of decompression of abdominal compartment 
syndrome [47, 48].

When compared directly, in a retrospective case series, the rates of pancreatic 
fistula, post-operative pulmonary infections, and surgical site infections were all 
significantly lower with laparoscopic necrosectomy. Additionally, patients who 
underwent laparoscopic necrosectomy also had a shorter length of stay, but a 
longer initial operation. There was no difference in need for reoperation, overall 
morbidity, or mortality. It should be noted that mortality was very low compared 
to other literature in this study, 5.9% in the open group and 4% in the laparoscopic 
group [49].
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8. Disconnected pancreatic duct syndrome

While parenchymal destruction in pancreatic necrosis confers significant mor-
bidity and mortality, the seriousness of this condition can be further compounded 
by concurrent disruption of the pancreatic duct. Disconnected pancreatic duct 
syndrome (DPDS) occurs when the remnant of pancreas distal to the necrosis, and 
duct disruption, remains viable and continues to release digestive enzymes into the 
retroperitoneum. DPDS most commonly occurs in the setting of severe acute pan-
creatitis, and can be found in up to 46% of patients with pancreatic necrosis [50]. 
DPDS can also occur as the result of trauma and chronic pancreatitis. The clinical 
presentation of DPDS is heterogenous. Some patients are asymptomatic and the 
injury is incidentally diagnosed on radiology. While others may have early satiety 
due to the size of the resulting fluid collection or symptomatic ascites [51, 52].

DPDS is an often overlooked complication due to the low accuracy of imaging in 
differentiating between full-thickness pancreatic necrosis, affecting the pancreatic 
duct, and partial thickness or peripancreatic necrosis. Often multiple imaging 
modalities are required for accurate diagnosis, which in turn leads to delays in 
diagnosis, increased morbidity, and increased costs [53–55]. Diagnostic criteria for 
DPDS include: necrosis of ≥2 cm of pancreatic parenchyma, viable pancreatic tissue 
distal to the area of necrosis, and extravasation of contrast when injected into the 
main pancreatic duct during ERCP [56].

Once DPDS is diagnosed, choice of intervention is dependent on the patient’s 
clinical condition and the phase of disease. As in pancreatic necrosis without 
DPDS, intervention during the acute phase, when inflammation is high, is not only 
challenging, but also hazardous. Although the historical standard of care for these 
patients was surgery, if a patient deteriorates during the acute phase, initial therapy 
should be percutaneous or endoscopic. Percutaneous drainage, although useful 
as a temporizing measure, especially in unstable patients, is unlikely to succeed 
as monotherapy [57, 58]. Although success rates are dependent on the extent of 
necrosis, transpapillary and transmural endoscopic interventions have better short-
term outcomes, with up to an 87% success rate of fistula resolution [50, 59, 60]. 
However, in order for endoscopic treatment to be successful, multiple interventions 
are often required, including hybrid approaches with percutaneous drains. Further, 
long-term data regarding patency and migration of indwelling stents is not avail-
able [60, 61]. Thus, percutaneous and endoscopic treatments remain temporizing 
measures, rather than definitive treatment, for DPDS, except for in patients who 
are poor surgical candidates [62].

Once a patient reaches the late stage of disease, or if a patient deteriorates 
despite optimal percutaneous and endoscopic intervention during the acute phase, 
surgery becomes the primary treatment for DPDS. Because of the technical dif-
ficulty of operating in the retroperitoneum after tissue planes have been obscured 
by inflammation, and because of the frequency of splenic vein thrombosis, and 
resulting sinistral portal hypertension, this operation is usually performed with a 
midline laparotomy and not laparoscopically [63].

Surgery for DPDS consists of resection of the distal, disconnected pancreas, and 
creation of internal drainage tracts. These techniques may be used independently 
or in combination. When the entirety of the disconnected pancreas is resected, 
splenectomy is also performed in almost all cases. However, when a pancreatoje-
junostomy, pancreaticogastrostomy, or fistuloenterostomy is made with the viable 
distal pancreas, the spleen may be preserved, in addition to preserving the pancre-
atic remnant. In this way, internal drainage not only provide a conduit for pancre-
atic secretions, but also decreases the risk of exocrine pancreatic insufficiency and 
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diabetes. Importantly, patients who undergo internal drainage, compared to other 
surgical modalities, also have lower incidence of organ failure, development of 
pancreatic fistula, and need for long-term percutaneous drainage [50, 64].

9. Conclusions

Pancreatic necrosis is a significant and challenging disease process with 
mortality reaching beyond 30% in most studies. Intervention begins with sup-
portive care and nutritional support. However, invasive therapy is often needed, 
especially when necrosis becomes infected.

First-line interventions for pancreatic necrosis may be percutaneous or trans-
mural endoscopic drainage depending on if the necrosis is encapsulated, the 
accessibility of the necrosis, the patient’s clinical condition, and the capabilities of 
the hospital. These minimally-invasive interventions are often successful as mono-
therapy, without the need for further intervention. They are also preferable to open 
or laparoscopic necrosectomy when performed as part of a step-up approach.

Despite all of the improvement in minimally-invasive management of pancreatic 
necrosis, some percentage of patients continue to require surgical intervention. 
Both laparoscopic and open approaches have been shown to be effective via trans-
gastric, transgastrocolic, and transmesocolic routes.

When pancreatic necrosis is further complicated by a disconnected pancreatic 
duct, although minimally-invasive management has been described and shown to 
be effective, surgical management remains standard of care.

Despite the advances in care driven by clinical trials and new technology, man-
agement of pancreatic necrosis remains difficult. Further study is needed to reduce 
the morbidity and mortality of this devastating disease.
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ACN acute necrotic collection
CT computed tomography
DEN direct endoscopic necrosectomy
DPDS disconnected pancreatic duct syndrome
ERCP endoscopic retrograde cholangiopancreatography
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Abstract

Chronic pancreatitis is a fibroinflammatory syndrome of the pancreas that 
results in exocrine and endocrine pancreatic insufficiency and chronic pain. It can 
be seen in all age groups depending on the etiologic factors. It is believed that alco-
hol is one of the major etiologic factors of chronic pancreatitis, but it is now recog-
nized that alcohol is responsible for 50% of the cases. Mutations in many genes such 
as PRSS1, SPINK1, CTRC, CFTR are identified as causative or predisposing factors 
for CP. Early diagnosis and staging of CP are still a challenge in clinic. Although the 
chief complaint of patients with CP is abdominal pain, CP can cause many disorders 
such as diabetes or metabolic bone diseases. The treatment of CP mainly depends 
on the severity of the disease and morphology of the pancreas. Medical therapy, 
endoscopy and surgery are all used for the treatment of CP and its complications.

Keywords: pancreas, chronic pancreatitis, endoscopy, gastroenterology, 
endosonography

1. Introduction

Chronic pancreatitis (CP) is characterized by fibroinflammatory inflammation 
of pancreatic tissue that causes progressive and irreversible destruction of the exo-
crine pancreas and loss of islets of Langerhans. The cause of the chronic pancreatitis 
is often multifactorial, involving chronic alcohol usage, recurrent acute pancreatitis 
attacks, structural or genetic anomalies.

2. Epidemiology

CP can be seen in all age groups depending on the etiologic factors. Although 
true prevalence is approximately < 50 per 100,000 adults, peaking in patients aged 
46–55 years, the determination of its prevalence is difficult because of local stan-
dards and reporting bias. The incidence is predicted to be 4 to 5 new diagnoses per 
100,000 yearly [1]. Data from Italian, Spanish, Chinese and Japanese surveys have 
the similar results as mentioned above [2].

CP is a slightly male predominant disease due to more alcohol and tobacco usage. 
Recently, several studies aimed to explain male sex predominance with the changes 
of the Claudin (CLDN)2 locus on the X chromosome in alcohol-induced chronic 
pancreatitis [3, 4].
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Hospital admission for acute and chronic pancreatitis are increasing in the 
United States. Pancreatitis (acute and chronic) was among the three most com-
mon benign gastrointestinal diagnoses and accounted for a 12% increase in 
emergency room visits since 2006 according to US registry-based analysis that was 
published in 2019 [5]. Considering the stable or decreasing tobacco and alcohol 
use in most western countries and the probable unchanging prevalence of genetic 
risk factors, greater sensitivity of diagnostic testing can be the cause of increased 
hospital admissions. Approximately 3–35% of patients with a first episode of acute 
pancreatitis will progress to chronic pancreatitis over 3–8 years [6, 7]. Oppositely, 
only about 50% of patients with chronic pancreatitis had previously documented 
episodes of acute pancreatitis [8].

Black patients suffer more severe pain and disability and have more advanced 
morphological changes on the imaging techniques compared with white patients 
[9]. These results can be explained by more frequent usage of alcohol and 
tobacco in those patients. CP, like in many countries, is a male predominance 
disease in Turkey. The median age of the disease is 46 for male patients and 
50 for female patients. The main etiological factor for the disease is alcohol 
abuse [10].

3. Etiology

It is believed that alcohol is one of the major etiologic factors of chronic pancre-
atitis, but it is now recognized that alcohol is responsible for 50% of the cases [3]. 
Therefore, stigmatization of patients with chronic pancreatitis as having an alcohol 
use disorder is often inaccurate and unfitting. It has been estimated that patients 
must consume 4–5 alcoholic drinks per day consistently for over 5 years to be at risk 
[11]. Alcohol exposure has several unwanted effects to the pancreas tissue. Despite 
common knowledge, it makes pancreas more susceptible to injury rather than 
directly causing chronic pancreatitis.

Usage of tobacco products is another risk factor for chronic pancreatitis. In the 
past, it was assumed cigarette smoking caused chronic pancreatitis due to concur-
rent alcohol consumption, but studies demonstrated a link between an indepen-
dent and dose-dependent response of tobacco usage and chronic pancreatitis [12]. 
Also, cigarette smoking is a strong risk factor for recurrent acute pancreatitis 
which can eventually progress to chronic pancreatitis. Smoking is related to the 
induction of interleukin-22 secondary to aryl hydrocarbons, which promote 
pancreatic fibrosis [13].

Recurrent episodes of acute pancreatitis can lead to pancreatic fibrosis, 
gland atrophy, loss of islet of Langerhans which eventually progress into chronic 
pancreatitis.

Hereditary pancreatitis is another etiologic factor for developing chronic pancre-
atitis. It is observed as an autosomal dominant mutation of the cationic trypsinogen 
gene (PRSS1). Hereditary pancreatitis is an autosomal dominant disease with high 
penetrance up to 80% but some patients can also develop the PRSS1 gene mutation 
de novo.

Another mutation can also be the cause of chronic pancreatitis. Including 
genes that encode serine peptidase inhibitor Kazal type 1 (SPINK1), chymotryp-
sin C (CTRC), calcium-sensing receptor (CASR), claudin (CLDN2) and cystic 
fibrosis transmembrane conductance regulator (CFTR). Due to CFTR gene muta-
tion cystic fibrosis is another etiologic risk factor for chronic pancreatitis. Also, 
Carboxypeptidase A1 (CPA1) and carboxyl ester lipase (CEL) gene mutations are 
thought to be increasing risk factors for chronic pancreatitis.
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There are two unique subtypes of chronic pancreatitis. The first subtype is 
referred to as tropical pancreatitis (previously fibro calculous pancreatitis) which is 
mostly seen in Southeast Asia, especially in India. Previously, the cause of tropical 
pancreatitis was believed to be cassava root ingestion. However, this hypothesis has 
not been supported. Half of the patients who suffer from tropical pancreatitis show 
SPINK1 gene mutation, but the pathogenesis of the tropical pancreatitis remains 
unexplained [14].

The other subtype of chronic pancreatitis is autoimmune pancreatitis (AIP) 
which is subclassified as type 1 AIP (lymphoplasmacytic sclerosing pancreatitis) 
and type 2 AIP (idiopathic duct-centric pancreatitis). AIP, especially lymphoplas-
macytic sclerosing pancreatitis is associated with IgG4-secreting plasma cells in 
the pancreas. Type 1 AIP has also extra pancreatic manifestations like sclerosing 
cholangitis and retroperitoneal fibrosis. Patients eventually develop pancreatic 
calcifications and pancreatic insufficiencies that are indistinguishable from chronic 
pancreatitis.

Less commonly, hypercalcemia (generally due to parathyroid adenoma), hyper-
triglyceridemia, autoimmune disorders (eg, celiac disease, inflammatory bowel 
diseases) can cause chronic pancreatitis.

Approximately 40% of the chronic pancreatitis patients’ etiology is 
unknown [15].

4. Pathogenesis

The exact pathogenesis underlying the chronic pancreatitis is not totally defined. 
The disease most commonly occurs due to environmental factors such as alcohol 
and smoking or in patients with genetic abnormalities. However, idiopathic CP 
affects almost 50% of people with this condition [15]. Some hypotheses for the 
pathophysiology are proposed to explain the etiologic factors. These can give us 
ideas about the mechanism about the development of the chronic pancreatitis.

4.1 Toxic – metabolic

Excessive alcohol consumption is responsible for 50% of the chronic pancreatic 
cases [16]. Alcohol is also the best-known etiologic factor in the world, so that 
patients can be stigmatized with alcoholism and this leads to lower quality of life. It 
is shown that alcohol is toxic to acinar cells, pancreatic ducts and its microcircula-
tion [17, 18]. It was supposed that alcohol causes to spasm of the sphincter of Oddi, 
and it affects the character of pancreatic fluid to favor the formation of protein 
plugs and stones, which eventually lead to chronic pancreatitis [19]. However, these 
two theories failed to fully explain the pathogenesis of the alcoholic pancreatitis, 
scientists focused on the acinar the effect of the alcohol on the acinar cells, which 
are full of thousands digestive enzyme molecules. Normally, the enzymes are pro-
duced as inactive precursors, packed into zymogen granules, and segregated from 
mainly lysosomal enzymes in order to avoid premature activation [19]. Alcohol 
leads to destabilization of lysosomes and zymogen granules via by oxidant stress 
produced by cholesteryl esters (CEs), which accumulate in the pancreas during 
ethanol consumption; and fatty acid ethyl esters (FAEEs), which are nonoxidative 
metabolites of alcohol. The enzyme synthesis is increased, but the secretion is also 
impaired. Therefore, it predisposes the gland to autodigestive injury. The cytokines 
released during prolonged injury and the ethanol itself via its metabolite acetalde-
hyde causes activation of the PSC (specific, highly plastic type of myofibroblast) 
leading to excess deposition of extra cellular matrix and active tissue remodeling 
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and resulting in fibrosis and replacement of functional tissue [20–23]. Smoking is 
also common in patients with CP. It is convincingly demonstrated that smoking has 
an independent from alcohol, dose-dependent effect for developing CP. In addition, 
it is a facilitating factor for progressing of acute pancreatitis to CP. Furthermore, 
smoking promotes the fibrosis by inducing the IL-2 [13]. A potent toxic component 
of nicotine metabolite causes trypsinogen activation and cellular damage leading to 
pancreatitis [24].

4.2 Inappropriate protease activation

Pancreatic acinar cells secrete proteases as precursor enzymes, which are then 
activated by the serine protease in the duodenum [25]. Trypsin, the precursor of the 
major protease trypsinogen, starts the activation cascade of many other proteases, 
and itself in the duodenum (autoactivation). The natural inhibitors of the intrapan-
creatic activation are the SPINK1, trypsinogen degradation by CTRC and cathepsin 
L. Most genetic mutations associated with CP are trypsin dependent. Premature 
intrapancreatic activation or inappropriate inhibition of the trypsinogen can lead to 
pathologic event resulting in CP [26].

4.2.1 PRSS1 and PRSS2

Hereditary pancreatitis (HP) is a specific subtype of CP. The mutations in 
the human cationic trypsinogen (PRSS1) can cause the premature activation of 
the trypsinogen in various ways. 90% percent of the HP patients diagnosed with 
PRSS1 mutation carry one of the 3 mutations: p.N29I, p.R122C, or p.R122H in the 
heterozygous state. The p.N29I variant causes an increase in N-terminal process-
ing, decreased CTRC -dependent degradation, and an increased propensity for 
autoactivation of the trypsin. The p.R122C and p.R122H mutations mainly prevent 
CTRC-mediated trypsinogen degradation [27–29].

There is no pathologic variants of human anionic trypsinogen (PRSS2) found in 
patients with CP. Even Genome wide association studies (GWASs) have identified 
a protective PRSS2 locus that slightly decreases CP risk, with a more pronounced 
effect in alcoholic [30].

4.2.2 SPINK1

The gene that encode serine peptidase inhibitor Kazal type 1 (SPINK1) is found 
to be associated with CP and commonly observed (40–50%) in tropical pancreati-
tis, which was referred as fibrocalculous pancreatitis [14]. The variant p.N34S in 
SPINK1 gene is ten times often in patient with CP compared to normal population 
[31]. However, the pathophysiologic mechanism is not yet known clearly although it 
is accepted as a major risk factor for CP.

4.2.3 CTRC

CTRC is a digestive protease synthesized and secreted by the pancreatic acinar 
cells as an inactive proenzyme (zymogen), which becomes activated in the duode-
num. Physiologic functions include degradation of trypsin and trypsinogen, as an 
important defensive mechanism in chronic pancreatitis [32]. Besides, CTRC is not 
only a digestive enzyme but also plays a role in regulating the activity of other diges-
tive enzymes such as stimulating autoactivation of human cationic trypsinogen 
[28]. Furthermore, CTRC is an essential co-activator of pro carboxypeptidase A1 
(pro CPA1) and pro carboxypeptidase A2 (pro CPA2) [33].
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Mutations in the CTRC gene have been shown to increase the risk of CP and they 
are 30% prevalent among patients with CP. The three main pathways explaining the 
increased risk of CP involve (i) impaired trypsinogen and/or trypsin degradation; 
(ii) impaired activation of A-type carboxypeptidases, and (iii) induction of ER 
stress due to defective secretion [32].

4.2.4 CTRB

CTRB1 and CTRB2 genes encode a member of the serine protease family of 
enzymes. The study by Rosendahl et al. reported the identification of CTRB1-
CTRB2 (chymotrypsin B1 and chymotrypsin B2) as a new chronic pancreatitis (CP) 
risk locus by means of GWAS. The inversion is found to decrease the CP risk by 
increasing trypsinogen degradation [34].

4.2.5 CELA3B

Recently, researchers found a new protease mutation linked to hereditary 
pancreatitis. The missense mutation in the gene encoding pancreas-specific prote-
ase elastase 3B (CELA3B), which upon secretion and activation by trypsin leads to 
uncontrolled proteolysis and recurrent pancreatitis [35].

4.3 Ductal dysfunction

After joining the common bile duct, the main pancreatic duct, after which both 
ducts perforate the medial side of the second portion of the duodenum. Therefore, 
any obstruction, compression or inflammation of the pancreatic tissue will increase 
the pressure within the pancreatic ducts leading to ductal dilation, stenosis and to 
atrophy of the acinar cells and replacement by fibrous tissue [36]. Long standing 
ductal obstructions by pseudocyst, calculi or pancreatic division can be a reason 
for recurrent pancreatitis attacks, which lead to eventually fibrosis and pancreatic 
insufficiency. Ductal obstruction can be also caused by concretions which increase 
the viscosity of the secretions and thereby promoting protein plugging [37].

A distinct form is the pancreatitis resulting due to a mutation in the cystic 
fibrosis transmembrane conductance regulator (CFTR) gene. CFTR is a chlo-
ride–bicarbonate channel expressed in the apical plasma membrane of secretory 
epithelia in many organs such as pancreas. The channel controls transepithelial 
fluid secretion and hence hydration of the epithelial luminal surfaces. It also con-
trols the pH of the secretions, which is important for the optimal digestion [38]. 
Genetic variations in CFTR that affect membrane levels or channel activity led to 
various pancreatic phenotypes including chronic pancreatitis. Aberrant expression 
of CFTR causes to diminished fluid and HCO3− secretion leading to decreased 
intraluminal pH, decreased washout of the digestive enzymes, and more viscous 
protein rich ductal fluid. These changes promote the formation of intraluminal 
protein plugs [39, 40].

4.4 Oxidative distress

Moreover, a hypothesis is proposed which implies that mutation-induced mis-
folding, secretory blockage, and consequent endoplasmic reticulum (ER) stress can 
lead to acinar cell damage and pancreatitis [41]. Some of associated genes are CPA1 
and CEL. Recent studies have also reported CLDN2, and MORC Family CW-Type 
Zinc Finger 4 (MORC4) gene are associated with CP, but the mechanism has not 
elicited, yet [4, 14].
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Pathogenic CPA1 variants are detected both late but especially early onset CP 
due to proenzyme mis-folding, resulting in a secretion defect and intracellular 
retention [42, 43]. A deletion mutation in CEL is founded to cause an increasement 
in ER stress, through activation of the unfolded protein response and causing cell 
death by apoptosis [44].

The pancreas consists of three critical cell lineages: acinar, ductal and endo-
crine46. Adjacent to the acinar cells around small pancreatic ducts and blood vessels 
are pancreatic stellate cells, that compromise around 4–7% of all parenchymal cells 
[45, 46]. The hypotheses mentioned above lead to cellular injury, which turns into 
chronic inflammation and then eventually fibrosis.

As explained before, the secretory parenchyma but mainly the acinar cells are 
destroyed by processes such as toxification, inflammation, duct obstruction or 
oxidative stress. Increasing evidence indicates that pancreatic stellate cells (PSC) are 
the major mediators of fibrosis, resulting in the formation of extracellular matrix 
(ECM) in the organ. Fibrosis causes acinar cells and duct cells to injure and disap-
peared. This process ultimately leads to progressive loss of the lobular morphology 
and structure of the pancreas resulting in functional impairment of both exocrine 
and endocrine functions, eventually leading to clinical symptoms such as pain, 
malnutrition, or diabetes [47, 48]. Furthermore, the pancreatic stellate cells activate 
into myofibroblast-like phenotypes, proliferate, and secrete collagen I and III and 
fibronectin [49, 50]. Hence, the initial of the pancreas, leads to cell necrosis and/or 
apoptosis and consequently release of cytokines/growth factors (e.g., tumor growth 
factor b1, interleukin-8, platelet-derived growth factor and CC-chemokines), either 
from immigrating inflammatory cells, especially macrophages, and/or nearby 
preexistent epithelial or mesenchymal cells [51–54]. Thereafter damaged cells are 
phagocytosed by macrophages, causing release of cytokines, which in turn causes 
activation and proliferation of PCS [55]. So, a vicious circle of the irreversible event 
has started. These metalloproteinases are in return regulated by cytokine tumor 
growth factor (TGF)-β1s, which through autocrine inhibition enhances pancreatic 
fibrogenesis by reducing collagen degradation [50].

5. Diagnosis

The diagnosis of the chronic pancreatitis is still challenging especially in the 
early stages of the disease. Clinician must be suspected chronic pancreatitis in 
a patient with chronic abdominal pain (especially in upper quadrants), weight 
loss, steatorrhea, and endocrine pancreatic insufficiency. All patients with 
suspected chronic pancreatitis should have a dedicated pancreatic protocol to 
rule out pancreas carcinoma. Clinician should remember that any patient with 
chronic abdominal pain may also be had suffered from chronic abdominal pain 
syndrome, history of ERCP-related pancreatitis or any ductal changes. In most 
cases follow-up with serial imaging and physiological tests are recommended 
[56]. Once the diagnosis is confirmed, physician should characterize the etiology 
of chronic pancreatitis. TIGAR-O classification and modified MANNHEIM clas-
sification should be evaluated. TIGAR-O classification is a mnemonic for toxic 
metabolic, idiopathic, genetic mutations, autoimmune, recurrent, and severe 
acute pancreatitis associated chronic pancreatitis and obstructive etiologies [46]. 
Modified MANNHEIM classification is a mnemonic for multiple risk factors, 
alcohol consumption, nicotine consumption, nutritional factors (hyperlipidemia, 
hypertriglyceridemia), hereditary factors, efferent duct factors, immunologic 
factors, miscellaneous factors (hypercalcemia, hyperparathyroidism, chronic 
renal failure, toxins) [45].
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Contrast-enhanced CT should be the initial diagnostic tool. CT scans have an 
overall sensitivity of 75% for chronic pancreatitis. Enlargement of the main duct 
(2–4 mm), glandular enlargement, heterogenous parenchyma, small (<10 mm) 
or lager (>10 mm) cavities, irregular ductal borders, irregular head/body contour 
and increased echogenicity of main duct wall are the probable pathologies that are 
seen in CT scan. After seeing these pathologies physician should suspect chronic 
pancreatitis and follow-up the patient. The other imaging technique for chronic 
pancreatitis is MRI and MRCP. Current MRI and MRCP technologies can provide 
high-quality images both parenchyma and ductal system [56]. T1 sequence in MRI 
is helpful for evaluating parenchymal changes in chronic pancreatitis. MRCP is used 
for evaluating ductal changes in chronic pancreatitis. Intravenous secretin adminis-
tration during MRCP imaging stimulates pancreatic fluid secretion and can improve 
the visualization of ductal tree [57]. The other imaging technique for evaluating 
chronic pancreatitis is ultrasonography and endoscopic ultrasonography (EUS). 
EUS finding can be classified as two subgroups which are parenchymal features 
and ductal features [58]. EUS is one of the most promising imaging techniques for 
diagnosis and evaluating chronic pancreatitis. However, the EUS imaging needs 
experienced clinician. EUS is now considered to be the most sensitive CP diagnostic 
investigation, especially in the early stages of the disease [59, 60].

Blood amylase and lipase levels can help the physician to diagnose acute pancre-
atitis however, in chronic pancreatitis these levels often normal. The diagnosis of 
the chronic pancreatitis with blood tests are challenging. There can be some clues 
like hypertriglyceridemia, hypercalcemia, hyperparathyroidism and hyperlipid-
emia. On the other hand, fecal elastase levels are often decreased in chronic pan-
creatitis. Also, diagnosis of type 3c diabetes (defined as pancreatic islet dysfunction 
and islet loss due to diseases of endocrine pancreas) is helpful for diagnosing the 
disease. Increased levels of hemoglobin A1c (HbA1c), absence of insulin resistance, 
loss of incretin secretion and low levels of fat-soluble vitamin concentrations can 
support the diagnosis of the chronic pancreatitis. The secretin stimulation test can 
be used with MRCP and for research. Secretin stimulation test is a complex proce-
dure. Firstly, the physician takes a sample from duodenal fluid as a baseline enzyme 
value then performs intravenous secretin administration after that the second 
sampling from duodenal fluid is done. Fecal elastase levels and secretin stimulation 
test results show the damage of exocrine pancreas.

6. Clinical presentation

The most common symptom of chronic pancreatitis is abdominal pain which is 
present more than 80% of patients. The pain is commonly described as a dull pain 
in the epigastrium radiating to the back that worsens after meals. The character, 
pattern and intensity of pain can vary among patients and does not correlate with 
the extent of pathological/morphologic changes [61]. Patients with alcohol related 
CP are more likely to experience pain, whereas late-onset CP is stated to be less 
painful [62]. Nausea, vomiting or both may accompany pain during exacerbations 
of pain attacks or during episodes of acute pancreatitis. Approximately 70% of 
adult patients with CP experience at least 1 episode of acute pancreatitis and 50% 
have recurrent pancreatitis during the clinical course of the disease [63].

Several anatomical complications can occur in CP due to local inflammation 
or glandular fibrosis symptoms. The formation of pancreatic pseudocysts, which 
can occur in 10–40% of patients during their lifetime, is one of the most frequent 
anatomic complications. Pseudocysts can cause gastroduodenal outlet obstruction 
and/or biliary obstruction, depending on their anatomic location and size [64].
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Other anatomical complications are pancreatic stones, pancreatic strictures, 
biliary strictures and thrombosis of splanchnic vasculature.

One of the complications of CP is exocrine pancreatic insufficiency (EPI). 
EPI is a condition characterized by insufficient production and/or secretion of 
pancreatic enzymes for the digestion of nutrients. The predominant symptoms 
of EPI are related to fat malabsorption. Mild EPI can cause abdominal bloating 
and discomfort, while severe EPI can cause overt steatorrhea, weight loss and 
fat-soluble vitamin deficiencies. Generally, EPI does not develop for more than 
a decade after disease onset, due to the exceptional reserve of the exocrine pan-
creas and the redundant pathways for digestion of proteins and carbohydrates. 
Although prevalence of EPI at diagnosis of CP is 10–13%. EPI affects more than 
70% of patients with CP throughout their lifespan and is especially frequent in 
those with proximal obstruction of the pancreatic duct or a history of pancreatic 
resection [64, 65].

Another complication of CP is metabolic bone disorder which has also been 
referred to as CP-associated osteopathy. A meta-analysis estimated that the pooled 
prevalence of osteoporosis was 23.4% and of osteopenia, 39.8% [66]. Additionally, 
patients with CP have a higher risk of low trauma fractures (vertebrae, hip, and 
wrist) and the risk of fractures in patients with CP was similar to other gastrointes-
tinal diseases, such as cirrhosis, celiac disease and history of gastrectomy [67].

Diabetes mellitus (DM) is a frequent complication of CP. Prevalence of endo-
crine insufficiency at diagnosis of CP is 10–33% [4, 8]. A recent systematic review 
identified a 15% prevalence of new onset diabetes within 36 months and a 33% 
prevalence within 60 months of CP diagnosis [68]. DM usually occurs several years 
after the onset of the disease and can eventually affect up to 80% of patients over 
their lifespan [69]. Due to the high prevalence of CP-DM, annual screening for DM 
is recommended [70, 71]. In a recent study of participants with CP, DM was more 
likely to occur in participants who were older, obese, male, black race, or had a 
family history of DM and factors independently associated with DM included both 
obesity and the presence of exocrine pancreatic insufficiency [72]. A prolonged 
period of CP, the absence of pain, cigarette smoking, and an increase in visceral 
adipose tissue have all been linked to CP-DM [73, 74].

7. Medical treatment of the pain

Chronic Pancreatitis related pain is typically among the most severe pain of all 
chronic diseases and has a major impact on quality of life and disability [16, 17]. 
That is why pain control plays a key role in the treatment of CP. Combinations of 
medical, endoscopic, and surgical approaches may be used to relieve abdominal 
pain in patients with CP [75, 76].

All patients having pain should be offered medical management. Patients with 
inflammatory mass, pancreatic duct obstruction due to stricture and/or main duct 
stones or peripancreatic complications (e.g. pseudocyst) may require additional 
interventions. Even in patients who tend to be suitable for endoscopic or surgical 
therapy, initial medical management of pain is advised to provide relief, greater 
understanding of the mechanism of pain, response to treatment, and if there is any 
significant sensitization [77].

The World Health Organization analgesic ladder for cancer pain is widely used 
by physicians to treat CP pain as there are no recommendations for the choice, 
usage and dosage of analgesics [78]. This stepwise approach recommends acet-
aminophen and nonsteroidal anti-inflammatory drugs (e.g., diclofenac, ibuprofen, 
and naproxen) as initial choice. When patient has constant and/or severe pain that 
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cannot be controlled with non-narcotic analgesics, narcotic medications can be 
used. The first option of narcotics should be a weaker, mixed agonist–antagonist 
or partial agonist (e.g., tramadol) prior to the use of stronger narcotics (e.g., 
morphine, hydrocodone and hydromorphone). If opioids are needed, they should 
be administered orally in a long-acting form -lancet). Physicians must be aware of 
their side effects (e.g., constipation, nausea, sedation, increased risk of falls, and 
risk of dependence and substance misuse) and capable of managing them. That is 
why, patients that are likely to undergo long-term narcotic analgesia for pancreatic 
pain are most effectively assessed and treated at a pain clinic [77].

Because of these adverse effects of opioids, co-analgesics should also be tried, 
and interventional therapy (such as surgery) should be considered before starting 
opioids. Co-analgesics such as antidepressants and anticonvulsants (gabapentin, 
pregabalin) have been shown to be beneficial in the treatment of chronic visceral 
and neuropathic pain in chronic pancreatitis and can help to minimize the need for 
opioids [62, 79]. Pregabalin is shown to have better efficacy in decreasing daily pain 
scores than placebo, however central nervous symptoms were seen in significant 
number of participants on pregabalin, potentially limiting its clinical usefulness 
[80]. Alternative analgesics such as esketamine are currently being investigated for 
this indication [61].

Antioxidant supplementation in may be beneficial especially for those patients 
with nonalcoholic-derived CP but additional trials are needed [81–83]. A random-
ized control study showed that pain relief significantly higher in the antioxidant 
group than in the placebo group [84].

8. Endoscopic treatment of the CP

Unfortunately, 30 and 60% of all patients ultimately require intervention. 
Endoscopic interventions have an important place for both in the diagnosing/stag-
ing of the disease and in the management of the CP complications [85].

8.1 Treatment of the pain

Although all therapeutic approaches for pancreatic pain is not very effective, 
endoscopic therapy is still one of the choices in patients whose pain is refractory to 
non-interventional therapy and who has remarkable anatomic alterations in their 
pancreas and/or in the surrounding tissue. There is no evidence for the use of the 
endoscopy in the mild disease or in painless CP [86–88]. Endoscopic therapy could 
be beneficial in patients with a symptomatic pancreatic duct obstruction in the pan-
creatic head or neck, together with an upstream duct dilatation, Plastic stents and 
fully covered self-expandable metal or biodegradable stents are safe and effective 
options for the relief of pancreatic outflow obstruction, and eventually of the pain 
[89–91]. Although celiac plexus (endoscopic or percutaneous) is still commonly 
used in clinical practice, the evidence for its efficacy of celiac plexus block in CP 
remains weak [92].

8.2 Treatment of the pancreatic duct stones

Pancreatic stones are the result of the CP and they are usually getting calcified 
with progression of the disease [93]. Pancreatic ductal stones which cause symp-
toms such as pain by obstructing the flow of pancreatic juice, recurrent episodes of 
pancreatitis, or present with pseudocyst or fistula and other complications can be 
treated by endoscopic methods [94].
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The location of the stone in the duct and its number is important for deciding 
endoscopic methods. Stones in the head and neck of the pancreas can be extracted 
with endoscopy, with or without stent replacement. However, endoscopic treatment 
is not suitable for stones, which already caused overt local complications or are 
located distally [85, 95, 96].

Pancreatic duct stones smaller than 5 mm are extracted by the ERCP, while 
extracorporeal shock wave lithotripsy (ESWL) is suggested for the clearance of 
radiopaque obstructive stones larger than 5 mm. Furthermore, recent studies sug-
gest that performance of ESWL prior to the endoscopic attempt at stone extraction 
can provide more successful stone clearance [97–99].

8.3 Treatment of the pancreatic pseudocyst

Pancreatic pseudocysts develop as a frequent complication between 20 and 40% 
of CP patients [100]. It is most prevalent in alcoholic CP, followed by idiopathic 
CP [101, 102]. Almost 40% of the pseudocyst, especially smaller ones can resolve 
within the 6 weeks after the attack. However, if it does not, the probability for a 
complication such as infection or rupture is 2/3 of all cases. Endoscopic drainage, 
which has a lower morbidity rate than surgery, is a successful treatment strategy 
for a symptomatic or complicated pseudocyst [103]. There are two main technics 
for the drainage of the pseudocyst: transmural or transpapillary drainage. Whereas 
transmural drainage can be applied to every pseudocyst, transpapillary drainage 
is feasible, only if the pseudocyst has a connection to major pancreatic duct [104]. 
It is recommended that EUS- guided access has higher technical success than the 
conventional approach [105]. Another important consideration when planning a 
pseudocyst drainage is the existence of pseudoaneurysms and portal hypertension. 
EUS guided drainage is recommended in case of portal hypertension as bleeding 
is common complication in these patients [106]. And since the mortality is very 
high due to ruptured aneurysms, embolization of the artery prior to the endoscopic 
intervention is recommended [107].

8.4 Treatment of the biliary strictures

Biliary strictures are big obstacles during CP treatment. They are prevalent 
almost 46% of the CP patients. The symptoms include abdominal pain, jaundice, 
fever and the laboratory results show elevated serum alkaline phosphatase and/or 
bilirubin [108]. The endoscopic therapy is found to be long term effective only in 
1/3 of the endoscopically treated patients. Therefore, endoscopic management is 
mostly used as transient therapy before the surgery [109, 110]. Studies suggest that 
placement of multiple plastic stents into the bile duct to treat bile duct obstruction 
in patients with chronic pancreatitis [111]. An important point about this clinical 
picture is absolute exclusion of the malignancy. It is essential to exchange the stents 
every 3 months to prevent the occlusion. However, this period is not such critical in 
multiple stents [111].

9. Surgical treatment

When medical treatments fail, endoscopy and surgical resection, drainage 
procedures, or both can be used to relieve pain. These procedures are used to treat 
pancreatic ductal obstruction caused by stones, strictures, or both in order to relieve 
intraductal hypertension and thereby pain [112]. Whether surgical or endoscopic 
therapy should be offered first is controversial [2].
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Despite weaknesses in the study design, two randomized controlled trials found 
that surgery offered greater long-term pain relief than endoscopy [95, 96, 113]. This 
effect may be explained by the fact that surgical treatment not only relieves ductal 
hypertension by allowing drainage, but also removes inflamed tissue that causes 
neural changes and pain [114, 115]. In another clinical trial, comparing the cost-
effectiveness of endoscopy and surgery, 38 CP patients were equally randomized 
and the mean number of ERCPs performed in the endoscopy group (6.3 vs. 0.4) was 
higher than in the surgery group [116].

Many patients prefer endoscopic therapy at first, in spite of the efficacy of 
surgery and frequent need for repeated procedures among people undergoing 
endoscopy because it is less invasive [112]. Patients with large inflammatory mass 
of the pancreatic head, distal pancreatic stenosis, and pancreatic head calcifica-
tions can be challenging to treat by endoscopy [85]. If endotherapy fails to provide 
immediate symptom relief without the need for repeated endoscopies, surgery 
should be considered by a multidisciplinary team [2]. Endoscopy is most frequently 
used as a therapeutic trial to determine patients most likely to benefit from surgery. 
While this approach is intuitive, the clinical evidence supporting this approach is 
not robust and more methods for predicting pain response are urgently required to 
prevent unhelpful interventions [117].

Surgery can be an effective first-line treatment for patients with CP who have 
large and multiple pancreatic stones or complicated strictures, an inflammatory 
mass of the head or a disease confined to the pancreatic tail [112]. Patients who 
are referred within 3–5 years of the onset of symptoms and have had less than four 
endoscopic procedures prior to surgery have better surgical outcomes [118].

The type of surgery is determined by the anatomy, the course of the disease, and 
local preferences [119]. The surgical approaches used to treat patients with CP are 
drainage options, resection options and neuroablative procedures [120]. Drainage 
options are cystojejunostomy, laterolateral pancreaticojejunostomy (Partington-
Rochelle procedure) and caudal drainage (Puestow procedure). Resection options 
are pancreaticoduodenectomy (PD/Kausch-Whipple procedure) or pylorus 
preserving pancreaticoduodenectomy (PPPD/Traverso-Longmire-procedure), 
duodenum-preserving pancreatic head resection (DPPHR (Beger, Frey, Hamburg, 
Berne)), V-shaped excision, segmental resection and distal/total pancreatectomy. 
Neuroablative procedures are percutaneous radiofrequency ablation of the splanch-
nic nerves and thoracoscopic splanchnicectomy [120].

Total pancreatectomy accompanied by digestion of the pancreas, isolation of 
the islet cells and infusion into the patient’s portal circulation is a radical surgical 
alternative that enables glucose homeostasis to be maintained without the need for 
immunosuppression of allogeneic islet transplantation [121]. Outside of the United 
States, total pancreatectomy with autoislet transplantation is still not widely available 
[2]. The primary indication for total pancreatectomy and islet auto transplantation 
is intractable pain that has a significant effect on quality of life (TPIAT) according to 
current clinical guidelines [122]. The procedure is successful in reducing or eliminat-
ing pain with a positive impact on quality of life [121–123]. However, severe pain 
persists in a large number of patients even after total pancreatectomy [124].

10. Treatment of endocrine insufficiency/CP-related DM

CP-related DM (CP-DM) is the most frequent cause of pancreatogenic DM 
(which has also been referred to as type 3c DM). Biannual fasting glucose and gly-
cated hemoglobin should be obtained to assess for diabetes in CP patients [70]. The 
management of type 3c diabetes follows general recommendations for diabetics. 
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A healthy lifestyle with regular exercise and a balanced diet should accompany medi-
cal treatment. Optimized pancreatic enzyme replacement therapy improves duo-
denal sensing and uptake of complex nutrients, thus stabilizes blood sugar levels. 
Due to a lack of counter regulation, patients with type 3c diabetes have an increased 
risk for hypoglycemia and should be counseled accordingly. The treatment of choice 
is often insulin, but in mild hyperglycemia (HbA1c <8%) metformin has also been 
recommended [2]. In addition to its glucose lowering effect, a meta-analysis of 
12 observational studies showed that metformin reduced the risk of pancreatic 
cancer development in people with diabetes [125]. Sulfonylureas should be avoided. 
Although glinides, thiazolidinediones, α-glycosidase inhibitors, incretin-based 
therapies, and SGLT2 inhibitors have not been tested in randomized trials, they may 
be effective in certain cases [61]. In order to understand the pathogenesis better and 
to inform the prevention and treatment of CP-DM, a detailed characterization of 
changes in glucose homeostasis in CP DM compared to type 2 DM is required [61].

11. Treatment of exocrine pancreatic insufficiency

The assessment of functional deficiencies should be part of the initial evalua-
tion and monitoring of patients with CP. Exocrine pancreatic insufficiency (EPI) is 
indicated by symptoms of steatorrhea (foul-smelling, oily stool), diarrhea, and weight 
loss. The gold standard for the diagnosis of EPI is a decreased coefficient of fat absorp-
tion (CFA) [1]. CFA of less than 93% (or >7 g of fat per 24 hours from a 72-hour 
fecal fat collection in a patient who is consuming 100 g of dietary fat each day during 
stool collection) defines steatorrhea or fat malabsorption [112]. Although this is a 
highly accurate test for fat malabsorption, it is rarely used in clinical practice because 
it is difficult for patients to perform properly. Several other indirect measures (e.g. 
fecal elastase (FE-1), serum trypsin) and clear tests (endoscopic secretin) are used 
to diagnose exocrine insufficiency [126]. The accuracy of these tests is highest in the 
presence of severe exocrine insufficiency (defined as steatorrhea). FE −1 is an indirect 
measure of exocrine function that is performed on a random stool sample. Since 
false positive test results are common due to diarrhea, the fecal elastase-1 test should 
not be used to evaluate patients with unexplained diarrhea [127]. Furthermore, the 
sensitivity and specificity of this test is open to discuss [126]. Shortly, there are no 
established criterion standard for mild to moderate exocrine insufficiency. The lack of 
a reliable and easy test to diagnose and monitor the treatment of EPI remains one of 
the biggest challenges for the management of EPI. All patients with chronic pancre-
atitis and pancreatic exocrine insufficiency, or signs of malnutrition should be treated 
with 40,000–50,000 lipase units of pancreatic enzymes per meal, and dose should 
be increased until symptoms are relieved [2]. In patients with EPI with persistent 
symptoms despite pancreatic enzyme replacement therapy (PERT) initiation, addi-
tional treatment strategies to consider are increase in the dosage of PERT, addition of 
a proton pump inhibitor (if not currently used), consideration of alternative etiologies 
of symptoms in CP, such as small intestinal bacterial overgrowth or lactose intoler-
ance, and consideration of other causes of fat malabsorption [128]. According to a 
large randomized controlled trial in unselected noncritically ill inpatients, nutritional 
evaluation and treatment can reduce morbidity and mortality [129].

12. Treatment of metabolic bone disorder

The high prevalence of CP-related osteopathy can be partly explained by 
common risk factors such as cigarette smoking and heavy alcohol consumption. 
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Furthermore, chronic inflammation caused by CP is likely to contribute to a pro-
inflammatory environment that leads to net bone loss [130]. Ultimately, patients 
with CP are at high risk of vitamin D deficiency, especially when EPI is present [131].

CP-associated osteopathy management follows general treatment guidelines, 
including calcium and vitamin D supplementation, weight-bearing exercises, 
and smoking cessation. Oral bisphosphonate therapy, when indicated, should be 
closely monitored to ensure that patients tolerate it. If patient cannot tolerate it, 
switching to an alternative anti-resorptive therapies should be considered. Lastly, 
uncontrolled data indicates that PERT could potentially reduce the risk of fractures 
in subjects with CP, but further studies are required before this can be universally 
recommended [132].

In other gastrointestinal conditions, such as celiac disease, cholestatic liver 
disease, and inflammatory bowel disease, baseline screening with a DEXA scan has 
been widely adopted. That is why, baseline screening with DEXA in CP is reason-
able considering that CP has higher odds of fractures compared with other gastroin-
testinal conditions [67, 71].

13. CP and pancreatic cancer surveillance

Pancreatic cancer is expected to be the second to third most common cause 
of cancer-related deaths by 2030 due to late diagnosis and inadequate treatment 
choices [133]. The relationship between chronic pancreatitis and pancreatic cancer 
is complicated since common risk factors and the course of the disease affect the 
rate of malignant transformation [2]. Epidemiological studies have consistently 
demonstrated an increased risk of pancreatic cancer (i.e., pancreatic ductal 
adenocarcinoma) in patients with CP, which is thought to be a result of chronic 
inflammation leading to hyperproliferation of pancreatic stellate cells [134]. In a 
meta-analysis, the risk of developing pancreatic cancer is increased in patients with 
chronic pancreatitis, but this is potentially confounded by smoking, which is an 
independent risk factor [135, 136].

Patients with hereditary pancreatitis have a 70-fold increased risk of develop-
ing pancreatic cancer compared to the control population [137, 138]. Patients with 
tropical pancreatitis can have a relative risk of more than 100; however, recent 
updates are required to see if there has been a similar decline over time [139].

Patients with hereditary chronic pancreatitis should be screened starting at age 
40 or 20 years after the diagnosis of chronic pancreatitis, regardless of gene car-
rier status.

While PDAC screening is not routinely recommended, it is advised to retain high 
clinical suspicion in those with unexplained symptoms, such as unexplained weight 
loss or changes in abdominal pain characteristics [1, 71]. In all patients with chronic 
pancreatitis, newly diagnosed diabetes may be an early sign of pancreatic cancer 
and may prompt further research. Unfortunately, the baseline morphological 
changes in the pancreas (especially the main pancreatic duct dilatation) in CP make 
it difficult to recognize a small neoplasm in cross-sectional imaging. In patients 
with multiple calcifications which may mask changes in the parenchyma, there is a 
chance of sampling error with EUS-guided fine needle aspiration [1].

14. Conclusion

CP is a multifactorial disease resulting in fibroinflammatory changes, endocrine 
and exocrine dysfunction of the pancreas. Although some etiologic factors such 
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as alcohol, hereditary changes are well established, idiopathic cases constitute a 
considerable percentage. Both the endoscopic and radiologic techniques are helping 
the clinicians for diagnosing the disease. Medical, endoscopic and surgical treat-
ment options are also effective and long-lasting. The main challenge in the field is 
early diagnosis of the CP before the symptoms exaggerate and staging the disease 
to monitor and treat the patients in a more appropriate way. Therefore, future 
prospective clinical trials and translational studies in search of novel diagnostic 
markers and staging methods are absolutely needed.
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