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Abstract

Acute pancreatitis (AP) is a serious condition presenting catastrophic con-
sequences. In severe AP, the mortality rate is high, and some patients initially
diagnosed with mild-to-moderate AP can progress to a life-threatening severe
state. Treatment of AP has evolved over the years. Drainage was the first surgical
procedure performed for AP; however, later, surgical approaches were replaced
by more conservative approaches due to the availability of advanced medical care
and improved understanding of the course of AP. Currently, surgery is used to
manage several complications of AP, such as pseudocysts, pancreatic fistulas, and
biliary tract obstruction. Patients who are unresponsive to conservative treatment
or have complications are typically considered for surgical intervention. This
review focuses on the surgical approaches (endoscopic, percutaneous, and open)
that have been established in recent studies to treat this acute condition and
summarizes the common management guidelines for AP, discussing the relevant
indications, significance, and complications. It is evident that despite their
reduced involvement, surgeons lead the multidisciplinary care of patients with
AP; however, given the gaps in existing knowledge, more research is required to
standardize surgical protocols for AP.

Key Words: Acute pancreatitis; Surgery; Endoscopic management; Open surgery;
Necrosectomy
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Core Tip: The surgical management of acute pancreatitis has evolved substantially during the last several
decades. Conservative therapy is frequently more effective than surgery; nonetheless, surgical treatments
are required in cases of non-responsive or complication-prone patients. Such cases may be treated using
endoscopic, percutaneous, or open procedures, each with its own set of benefits and risks. Before settling
on an acceptable surgical procedure, the AP severity, phase, and anatomical restrictions must be
thoroughly reviewed for optimal clinical outcomes.
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INTRODUCTION

Acute pancreatitis (AP) is a prevalent gastrointestinal disorder resulting in localized damage, systemic
inflammatory response syndrome, and organ failure (OF)[1,2]. With a worldwide incidence of 340 per
million people overall and case fatality rates of up to 35% in severe instances, AP causes a great deal of
distress, morbidity, and financial strain on the healthcare system[3-5].

In Western countries, the prevalence of AP has been steadily rising over the last half-century|[6].
Gallstones and alcohol continue to be common causes of AP, contributing to 80% of AP cases, while the
remaining occurrences are related to less common causes, such as drug interactions and solid and cystic
pancreatic cancers. In particular, the global transition rate from the index AP to a recurring episode is in
double digits. Given these concerns and the variety of long-term repercussions, it is prudent not to
regard AP as a self-limiting condition[5].

The need for surgical intervention in AP has been under scrutiny for more than a century, with
arguments ranging from conservative therapeutic strategies on the one hand to surgical approaches.
However, in the last three decades, the discourse has changed significantly, with conservative
management gaining favor due to the availability of advanced diagnostic modalities, improved
noninvasive care, improved understanding of the underlying mechanisms, and improvements in
interventional procedures. However, surgery still serves a critical function in managing AP, and there
are specific situations in which minimally invasive or open surgical interventions are necessary.

This review offers a concise overview of the evolution of surgical management of AP, with an
emphasis on contemporary surgical techniques. Recent ground-breaking studies have allowed the
development of several sets of recommendations and guidelines for the management of AP. This review
also summarizes some of these recommendations, focusing on surgical interventions for AP, including
indications, staging, and techniques.

AP: ETIOLOGY, CLASSIFICATION, AND DIAGNOSIS

During the mid-twentieth century, researchers realized that AP could have various root causes, each of
which required a unique diagnostic and therapeutic strategy. Approximately 40% of AP cases are now
attributed to gallstones, and approximately 30% are considered to have alcohol as an etiological
component[7] (Figure 1A). Researchers have also identified various other etiologies for AP, including
metabolic, immunological, parasitic, genetic, anatomical, and endoscopic retrograde cholangiopan-
creatography (ERCP). Notably, the prevalence of hypertriglyceridemic AP has increased in recent years
[8]. Idiopathic AP is AP with no identified explanation after primary laboratory and imaging studies|[9,
10].

Early efforts to categorize pancreatitis focused mainly on describing its clinical and pathological
aspects. Fitz distinguished between acute, hemorrhagic, and suppurative forms of pancreatitis[11].
Ranson et al[12] demarcated AP’s key clinical and biochemical features, now known as the Ranson
criteria. Another significant development was the Atlanta classification proposed in 1992[13], wherein
objective criteria for severe, interstitial, and necrotizing AP, infected pancreatic necrosis (IPN), and
pseudocysts were framed, with a stronger focus on the systemic effect of AP. Two new AP classification
systems were released in 2012: Revised Atlanta classification and determinant-based classification[14,
15]. The revised Atlanta classification system is popular at the moment. The severity of AP may be
classified as mild, moderately severe (MSAP), or severe (SAP), and there are also two distinct stages
(early and late). In addition, it explains how AP is diagnosed, stresses the importance of pain as a
benchmark, and singles out local complications, interstitial pancreatitis, and necrotizing pancreatitis
(Table 1, Figure 2).
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Table 1 Acute pancreatitis diagnosis, classification, and indications for surgery

Criteria

Diagnosis of AP (any two) Abdominal pain

Serum lipase or amylase anomalies

Characteristic radiological features
Mild AP' No OF

Absence of local or systemic complications
Moderately severe AP’ Transient OF (resolves in < 48 h)

Local or systemic complications without persistent OF
Severe AP! Persistent OF
Key indications for surgery Infected necrosis

Complications of pancreatitis

Fistulas

Pseudocyst

Recurrent AP

Abdominal compartment syndrome

Systemic inflammatory response syndrome

Acute necrotizing cholecystitis or intestinal ischemia

Acute bleeding due to a failed endovascular approach

Revised Atlanta Classification.
AP: Acute pancreatitis; OF: Organ failure.

The diagnosis of AP is based on the presence of characteristic abdominal pain, biochemical
confirmation of pancreatitis, and radiographic proof (at least two out of the Diagnostic Triad and in that
order)[2,16]. The early and late phases of AP last about two weeks and several weeks, respectively.
Temporary local or systemic problems define MSAP or a transient OF, whereas SAP is defined by a
lingering OF. Organized fluid collections within four weeks were denoted as acute peri/pancreatic fluid
collections and pseudocysts after four weeks. The term “acute necrotic collections” (ANC) is used to
describe necrosis-complicated collections that occur within four weeks, whereas “wall necrosis” (WON)
is used to describe collections that occur later than four weeks (Figure 2)[14].

PATHOBIOLOGY OF PANCREATITIS

Various physical and genetic variables predispose individuals to AP[17]. Many studies have been
conducted on acute pancreatic inflammation in the last century, but our understanding of its numerous
pathophysiological implications remains limited[18]. Based on current research, collapse of the
pancreatic acinar cell membrane and intracellular digesting enzymes that cause pancreatic damage are
suspected to be significant contributors to AP[19]. In particular, in the early course of pancreatitis,
enteropeptidase leads to premature activation of trypsinogen to trypsin in acinar cells (Figure 3). This
activation sets off a chain reaction of digestive protease activation, which ultimately digests the acinar
cells and causes pancreatitis. Although trypsinogen activation inside the acinar cells has a role in the
first stages of acinar damage, the development of local and systemic inflammation in pancreatitis can
occur independently. Indeed, in the early stages of pancreatitis, trypsin-mediated cell death causes
pancreatic injury; however, multiple parallel mechanisms, including activation of inflammatory
cascades, excess calcium (Ca*)-induced endoplasmic reticulum stress, autophagy, and mitochondrial
dysfunction in acinar cells, are now recognized as important in driving the profound systemic inflam-
matory response and extensive pancreatic injury in AP[18]. Notably, nuclear factor-kappaB activation
occurs early, independent of trypsinogen activation, and leads to the release of inflammatory mediators
and recruitment of inflammatory cells, causing acinar cell death at later stages of pancreatitis and
driving the systemic inflammatory response observed in pancreatitis[20].
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Figure 1 Etiologies and evolution of surgical management of acute pancreatitis. A: Key acute pancreatitis etiologies; B: Evolution of surgical
management.

HISTORICAL PERSPECTIVES ON THE PANCREAS AND EVOLUTION OF PANCREATIC
SURGERY

One of the first allusions to the presence of the pancreas can be found in Babylonian Talmud and ancient
Greek anatomists[21-23] (Figure 1B). Ruphos of Ephesus named the organ the “pancreas” after seeing
that it lacked cartilage and bone in human cadavers (pan: All, kreas: Flesh). Galenus recognized the
pancreas as a gland and named it kalikreas, a ‘beautiful flesh’. It was not until the 17* century that
scientists Johann Georg Wirsung and Giovanni Domenico Santorini discovered primary and secondary
pancreatic ducts, respectively[24]. Abraham Vater (1684-1751) described the tubercle or diverticulum,
later called the “ampulla of Vater’[25]. Pannala et al[21] suggested that the pancreas plays a vital role in
digestion. Subsequent researchers such as Willy Kuhne (trypsin identification), Alexander Marcet
(lipase identification), Willy Kuhne (trypsin identification), Alexander Marcet (lipase discovery), and
Ivan Pavlov (nerves of the pancreas) contributed greatly to the understanding of pancreatic physiology.
The Dutch anatomist Nicholaes Tulp is accredited with the first publication on the clinical description
of AP in 1652. In 1889, Reginald Fitz of Boston offered the first comprehensive analysis of AP in a
landmark study. In 1886, Nicholas Senn provided a detailed report of his surgical trials on pancreatic
disorders, describing the excision and drainage of retention cysts[26]. In the late nineteenth century,
exploratory laparotomy became popular for diagnosing AP and drainage of pancreatic abscesses, and
necrotic tissue debridement was performed in some cases. However, despite growing knowledge of
pancreatitis, the distinction between chronic pancreatitis and AP was recognized only in the mid-20*
century. Surgeons such as Mickulicz, Mayo Robson, and Moynihan were encouraged to employ
laparotomy to treat the complications of severe AP as anesthetics developed in the early twentieth
century. In the first few decades of the twentieth century, various procedures were performed, such as
drainage, resection, and cholecystostomy, but the operative mortality rate remained close to 60%[21].
Later, as the understanding of pancreatic physiology improved and diagnostic modalities advanced,
conservative management of patients gained preference. If there is no secondary infection, surgical
treatment is not required. With the identification of WON or organized pancreatic necrosis and the
advent of advanced antibiotics to curb systemic toxicity and OF, the treatment of pancreatic necrosis has
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Figure 2 Local complications in acute pancreatitis. ANC: Acute necrotic collections; PFC: Peripancreatic fluid collections; WON: Walled-off necrosis.
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Figure 3 Pathogenesis of acute pancreatitis. Early activation of trypsinogen to trypsin in acinar cells triggers a cascade of pathogenic events, resulting in
acute pancreatitis. AP: Acute pancreatitis; NF-kB: Nuclear factor kB.

evolved further, and delayed necrosectomy is commonly performed for sterile pancreatic necrosis[27,
28]. Minimally invasive laparoscopic, endoscopic, and percutaneous techniques have been established
in recent decades to treat pancreatic necrosis; however, surgery remains an essential treatment for
people with severe pathology. Endoscopic ultrasound (US)-guided therapy for pancreatic necrosis and
other AP sequelae is also increasingly gaining popularity[10,27,29,30].
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SURGICAL MANAGEMENT

Summary of major guidelines

For the treatment of AP, the guidelines of the International Association of Pancreatology (IAP)/
American Pancreatic Association (2013)[31], the World Society of Emergency Surgery (2019)[4], and the
American Gastroenterological Association (AGA) published in 2018[32] and 2020[33] are particularly
notable. The recommendations of these guidelines for diagnosing and treating AP coincide significantly.
The next section briefly summarizes the rationale for surgical interventions and the methods laid forth
in the pivotal guidelines.

IAP guidelines: Due to the self-limiting nature and minimal mortality risk, the IAP guidelines explicitly
indicate that mild AP is not a justification for surgery. Surgery and drainage are primarily necessary for
the clinical indications of sepsis, and early surgery (14 d from the start) should be avoided, especially if
patients respond well to conservative therapy. Timing is particularly critical, as cardiac and respiratory
failures are common in the early phases of the disease. Furthermore, delaying surgery to a time that
provides an improved delineation of the necrotic zone will allow optimal surgical circumstances.

The best surgical approach is removing necrotic tissues while minimizing the risk of subsequent
infections, bleeding, necrosis, and inflammation. Most retroperitoneal (RP) debris and exudates are
removed postoperatively. Because the pancreas is the main organ responsible for numerous endocrine
and exocrine activities, pancreatectomy, whether entire or partial, may cause endocrine inefficiency.
Organ preservation techniques such as debridement or necrosectomy are also favored. Although there is
no consensus on the ideal strategy for necrosectomy, postoperative mortality has been reported to be
less than 15% in various combinations of open necrosectomy with planned relaparotomy. In addition to
the open approach, less invasive procedures for necrosectomy are being developed. However, the IAP
advises that such treatments should be used in a subset of patients with confined or well-defined
necrosis.

Gallstone-associated AP (GSAP) has its own set of management problems, as well as additional co-
occurring comorbidities. GSAP requires early management, irrespective of the appearance of
obstructive jaundice or severe cholangitis. Because there is no explicit agreement on this topic, the IAP
did not recommend the use of endoscopic sphincterotomy (ES) and ERCP for severe GSAP. However,
these are needed in the presence of obstructive jaundice or severe cholangitis. In patients with severe
GSAP, open cholecystectomy with supraduodenal bile duct exploration and T-tube insertion is often
considered an unsatisfactory emergency surgery. If a patient has undergone ES for acute gallstone-
associated pancreatitis, the gallbladder should be removed because of the possible risk of gallbladder
complications.

Cholecystectomy and clearance of the major bile ducts (when clinical, biochemical, and radiological
indicators of persistent biliary obstruction are present) can be performed to prevent the recurrence of
biliary pancreatitis. In cases of mild AP associated with gallstones, it should be performed immediately
after the patient recovers from the attack. However, in acute GSAP, cholecystectomy should be
performed after the inflammatory process has stopped and the patient has recovered clinically to make
treatment easier and safer. ES can be used in patients who cannot undergo cholecystectomy; however,
the possibility of intervention-induced infections should not be ignored.

Japanese guidelines: The Japanese guidelines[34] for the management of AP were first published in
2006 and have since been amended in 2012 and 2015, respectively. To avoid GSAP recurrence,
cholecystectomy is indicated when such an operation is feasible. Because abdominal compartment
syndrome (ACS) increases the mortality risk in such situations, sequential IAP monitoring is suggested
in patients with abnormal fluid infusion and respiratory or kidney problems.

When an IAP of 12 mmHg persists or recurs, conservative therapy is recommended to maintain it at
15 mmHg. Surgical decompression can be explored when the IAP is greater than 20 mmHg, conser-
vative therapy is ineffective, and OF is a significant concern. Conservative treatment for necrotizing
pancreatitis should be attempted first. Suspected or confirmed infections and worsening state are the
best justifications for intervention.

IPN is considered when clinical symptoms worsen, along with blood test results that support
infection. Four weeks after onset, therapeutic intervention should be initiated when the necrosis is
adequately walled off or during the WON phase. Drainage (percutaneous or endoscopic) should be
explored, and if no improvement is observed, necrosectomy is a viable approach to treat IPN.

AGA (2018), American College of Gastroenterology (2013), and AGA (2020) guidelines: The 2018 AGA
[32] guidelines focused on the initial management of AP. The AGA recommends that AP management
during the first 48-72 h after admission should focus on outcome-specific fluid resuscitation.
Hydroxyethyl starch fluids are discouraged, and prophylactic antibiotics are not recommended for SAP
and necrotizing pancreatitis. AGA advocates early oral feeding and enteral nutrition rather than
parenteral nutrition.

Immediate ERCP may be conducted in patients with cholangitis; however, this is not indicated in the
context of acute biliary pancreatitis. Cholecystectomy is recommended for patients with acute biliary
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pancreatitis, ideally before discharge from the hospital. AGA also recommends same-admission
cholecystectomy and short alcohol intercession for biliary and alcohol-induced pancreatitis. AGA does
not recommend the regular use of preventive antibiotics in SAP or routine ERCP in patients with AP in
the absence of cholangitis.

The 2013 ACG guidelines also indicate that cholecystectomy should be performed before discharge in
patients with mild AP with gallstones to avoid recurrent AP[35]. However, cholecystectomy must be
postponed in necrotizing biliary AP until active inflammation and fluid collection are managed or
stabilized. Asymptomatic pseudocysts and necrosis did not require intervention. In cases of infected
necrosis, if the patient’s condition is stable, drainage interventions should be postponed for at least four
weeks. This period allows the contents to liquefy and forms a fibrous wall surrounding the necrosis.
Minimally invasive necrosectomy is preferable to open necrosectomy in symptomatic individuals with
infected necrosis. ERCP must be performed within 24 h after admission in patients with AP complicated
by acute cholangitis, and pancreatic duct stents and non-steroidal anti-inflammatory drug suppositories
should be used in high-risk patients to limit the risk of post-ERCP pancreatitis. Asymptomatic
pancreatic and/or extrapancreatic necrosis and/or pseudocysts, regardless of their size, location, or
extension, do not require intervention. In infected necrosis, if the condition of the patient is stable,
surgical drainage must be postponed for at least four weeks.

The 2020 AGA guidelines focus on pancreatic necrosis[33] and align with the IAP and World Society
of Emergency Surgery (WSES) guidelines on most accounts. AGA recognized the importance of surgery
and recommended that in cases where clinical experience may be inadequate, patients with substantial
pancreatic necrosis should be transferred to a suitable tertiary care hospital. According to the AGA 2020,
direct endoscopic necrosectomy (DEN) is an option in cases of extensive necrosis and can also be used in
cases of limited necrosis if the patient does not respond well to endoscopic transmural drainage. For
debridement of acute necrotizing pancreatitis, minimally invasive surgical approaches should be used
instead of open necrosectomy due to the lower risk of morbidity. Multiple debridement techniques
should be explored, including videoscopic RP, laparoscopic transgastric, and open transgastric
techniques. Distal pancreatectomy can be performed in patients with the detachment of the left
pancreatic remnant after acute necrotizing necrosis of the middle body. A step-up approach involving
percutaneous drainage or endoscopic transmural drainage followed by DEN and surgical debridement
is practical. However, the optimal intervention may differ depending on the accessible clinical expertise.

WSES guidelines: The WSES[4] guidelines aim to provide evidence-based worldwide consensus
statements on the treatment of SAP. These guidelines resulted from a special meeting of specialists at
the World Congress of Emergency Surgery. According to the IAP guidelines, the WSES does not
recommend regular ERCP for GSAP, although it has been suggested for cases of GSAP + cholangitis and
GSAP + bile duct obstruction. Infected necrotizing pancreatitis should be treated by percutaneous
endoscopic drainage (ED). Surgical approaches may be performed when conservative treatments such
as percutaneous or endoscopic approaches do not improve the patient’s condition. Surgical intervention
is indicated for ACS, hemorrhage, and intestinal ischemia. Regarding surgery, the WSES recommends
deferring the operation until four weeks after the initial stage due to better differentiation of necrosis
from other vital tissues.

In terms of surgical technique, drainage is the first-line therapy; however, currently, there is not
enough information to indicate the best surgical procedure (open or laparoscopic). In the presence of
WON and a severed pancreatic duct, a single-stage surgical transgastric necrosectomy may be
considered. Laparoscopic cholecystectomy (LCC) is recommended during index hospitalization in
patients with moderate GSAP. The risk of recurrent pancreatitis is reduced when sphincterotomy and
ERCP are performed during the index hospitalization, although same-admission cholecystectomy is still
recommended due to the increased risk of additional biliary problems. Cholecystectomy should be
avoided in acute GSAP until fluid collection is clear or stable and acute inflammation subsides.

Surgical decompression and an open abdomen (OA) can be considered for intra-abdominal
hypertension/ ACS if conservative and noninvasive treatments fail. Negative pressure peritoneal
treatment is indicated for the OA because of its shorter duration, fewer dressing changes, and lower
reexploration rates.

SUMMARY OF GUIDELINES: MEDICAL TREATMENT OPTIONS

Based on available guidelines, it is evident that the treatment of AP depends significantly on its etiology
(Figure 4). The cornerstone of therapy for MSAP patients is supportive care, including resuscitation,
pain management, and mobilization. Active rehydration, post-pyloric feeding, and pancreatin inhibitors
are first-line therapies for AP. In the event of MSAP, a regular diet should be initiated as soon as
possible after admission, and in the case of SAP, enteral nutrition should be initiated as soon as possible
after admission. The most common reason for intervention is an infection, and surgery is often
necessary to remove necrotic tissue once ACS and/or intestinal ischemia develop[36]. Antibiotics are
not required to treat sterile necrosis, and non-operative treatment is preferred. However, antibiotics and
image-guided drainage should be used as step-up treatments for patients with infections. As first-line
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treatment, minimally invasive image-guided or ED is advised; repeated drains could be required.

Surgery should be considered when less invasive treatments fail but should be postponed until the
delineation of necrotic pancreatic tissue (Table 2). Asymptomatic pseudocysts in the pancreas must be
treated nonoperatively; in contrast, symptomatic, infectious, or expanding pseudocysts require surgical
intervention. Unless there is a strong clinical suspicion of sepsis, fine-needle aspiration (FNA) should be
avoided because of the risk of contamination of an otherwise sterile sample; however, in the case of
suspected infected necrosis, an image-guided FNA with culture should be performed to distinguish it
from sterile necrosis. Pancreatic necrosis may cause OF, and its treatment includes debridement or
necrosectomy, peritoneal lavage, drainage, or a “step-up” technique. This step-up strategy is used
primarily to treat WON. It consists of prior draining (either endoscopic or percutaneous), followed by a
waiting period to allow the wall to mature and debridement using endoscopic or minimally invasive
surgical approaches[37]. Due to high mortality, infectious complications, and prolonged hospitalization
[38], open surgery is recommended only when the step-up approach fails. Furthermore, in the event of
IPN, surgical interventions should be performed after a few weeks (preferably four) of onset to allow
the collection to be “walled off’. Percutaneous drainage can provide adequate source control of necrosis
in most individuals (23%-47 %). Open debridement with external drainage is still used in cases where
less invasive treatments have failed or are not an option.

ERCP should be performed within 48 h in patients with persistent or progressive bile duct
obstruction (as suspected clinically, biochemically, and/or radiologically) or cholangitis. Percutaneous
transhepatic gallbladder drainage should be considered if ERCP is impractical. Cholecystectomy should
be performed in patients with mild AP during their first hospital stay (same-admission cholecystectomy
approach) but not in patients with severe AP until their clinical state has improved. If cholecystectomy
is contraindicated due to medical comorbidities, patients with GSAP should undergo ERCP and sphinc-
terotomy before discharge to prevent recurrence until the interval for which cholecystectomy is deemed
feasible and safe. Cholecystectomy is considered safe and feasible in most cases of biliary pancreatitis;
however, the risks of biliary damage and postoperative leakage of bile must be considered. It is essential
to realize that each intervention for the management of AP has specific indications with benefits and
downsides that must be considered in a case-specific manner[10,29,30,39].

SURGICAL DECISION TARGETS (DECISION-MAKING MAP)

The first step after confirming the diagnosis of AP (by at least two out of the diagnostic triad) should be
the differential diagnosis of AP by ruling out other major conditions that have overlapping clinical
(epigastric abdominal pain radiating to the back) and biochemical (hyperamylasemia) diagnostic criteria
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Table 2 Summary of key surgical recommendations in different guidelines for acute pancreatitis management

IAP' (grade A and B)[31]

WSES? (grade 1A, 1B, or 1C)[4]

AGA (pancreatic necrosis)[33]

Mild AP is not an indication for pancreatic
surgery (grade B recommendation)

IPN in patients with clinical signs and
symptoms of sepsis is an indication for
intervention (recommendation grade B)

Early surgery is not recommended within 14 d
after the onset of the disease in patients with
necrotic pancreatitis (recommendation grade B)

Interventional management should favor an
organ-preserving approach (grade B
recommendation)

ES is an alternative to cholecystectomy in those
who are not fit to undergo surgery (grade B
recommendation)

Routine ERCP is not indicated (1A)

ERCP is indicated in patients with GSAP and
cholangitis (1B)

Clinical deterioration with signs of INP is an
indication of intervention (1C)

As a continuum in a step-up approach after
percutaneous/endoscopic procedure (1C)

In IPN, percutaneous drainage as the first-line of
treatment (1A)

Minimally invasive surgical strategies result in
fewer postoperative new-onset OF (1B)

Laparoscopic cholecystectomy is recommended
during index admission in mild GSAP (1A)

The risk of recurrent pancreatitis is reduced when
ERCP and sphincterotomy are performed during
index admission (1B)

Over-resuscitation of patients with early SAP
should be avoided; intra-abdominal pressure

monitoring is necessary (1C)

OA should be avoided if other strategies can be
used to manage IAH (1C)

Not to use OA after necrosectomy (1C)

Not to debride or perform an early necrosectomy if
forced to perform an early OA due to ACS (1A)

Drainage and/or debridement of pancreatic
necrosis is indicated in patients with IPN

Pancreatic debridement should be avoided in the
early, acute period (first two weeks)

Percutaneous and transmural ED are both
appropriate first-line nonsurgical approaches to
the management of patients with WON

Percutaneous drainage of pancreatic necrosis
should be considered in patients with infected or
symptomatic necrotic collections in the early acute
period (< 2 wk)

SEMS in the form of LAMS appears superior to
plastic stents for endoscopic transmural drainage
of necrosis

The use of DEN should be reserved for those
patients with limited necrosis and not responding
to endoscopic transmural drainage

Minimally invasive operative approaches to the
debridement of IPN are preferred to open
approaches

A step-up approach consisting of percutaneous
drainage or endoscopic transmural drainage,
followed by DEN, and then surgical debridement
is reasonable

For patients with disconnected left pancreatic
remnants after acute necrotizing mid-body
necrosis, definitive surgical management with
distal pancreatectomy can be performed

IGrade A: Strong evidence that requires a meta-analysis of randomized controlled trials or at least one randomized controlled trial (evidence categories Ia

and Ib); Grade B: Intermediate evidence, requires nonrandomized clinical studies (evidence categories Ila, IIb, and III).

*Grading of recommendations assessment 1A: Strong recommendation, high-quality evidence; 1B: Strong recommendation, moderate-quality evidence; 1C:

Strong recommendation, low-quality or very low-quality evidence.

ACS: Abdominal compartment syndrome; AP: Acute pancreatitis; DEN: Direct endoscopic necrosectomy; ES: Endoscopic sphincterotomy; LAMS: Lumen-

apposing metal stents; OA: Open abdomen; SAP: Severe acute pancreatitis; SEMS: Self-expanding metal stents; VARD: Video-assisted retroperitoneal

debridement; WON: Walled-off necrosis; ERCP: Endoscopic retrograde cholangiopancreatography; IPN: Infected pancreatic necrosis; IAP: International

Association of Pancreatology; WSES: World Society of Emergency Surgery; AGA: American Gastroenterological Association; GSAP: Gallstone-associated

acute pancreatitis; INP: Infected necrotizing pancreatitis; ED: Endoscopic drainage.

of AP, such as mesenteric ischemia, perforated viscus, inferior wall myocardial infarction, and lower
lobar pneumonia, confirming that the diagnosis of AP is not enough. It is still necessary and essential to
rule out these serious differentials, as AP itself can be a contributing trigger factor of these differentials
(AP can cause aspiration leading to lower lobar pneumonia and affect the portal vein/superior
mesenteric vein junction in its inflammatory process, which causes portal vein thrombosis and venous
mesenteric ischemia, or unstable angina can lead to a full-blown inferior wall myocardial infarction due
to sheer physiological stress and increased demand for cardiac output and oxygen delivery) (Figure 5).
Grading the systemic severity of AP, with careful monitoring of hemodynamic stability and OF, and
staging of local severity by differentiating between edematous/interstitial and necrotizing types of AP
are also crucial at this stage. Once these problems are resolved, the focus should shift to the etiology of
AP, the cautious management of systemic and local consequences, and the prioritization of symptomatic
support. When the etiology is established, definitive or temporizing management of the underlying
distal etiology, for example, by performing preoperative common bile duct exploration and clearance
for persistent choledocholithiasis (clinical, biochemical, and/or radiological indicators of persistent
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biliary/ampullary obstruction) by ERCP, should be attempted, followed by definitive or temporizing
management of the underlying proximal etiology, such as cholecystectomy to prevent recurrence of
biliary/ampullary obstruction. Finally, malignant obstruction (biliary, ampullary, or pancreatodochal)
can be the most proximal etiology and should always be ruled out.

COMMENTARY ON KEY SURGICAL PROCEDURES FOR AP

MSAP and SAP are related to local or systemic sequelae such as peripancreatic fluid accumulation,
which presents a risk of compressive or pressure symptoms, organ damage, and mortality[29]. The
publication of clinical trials and case reports has increased consistently over the last few decades
(Figure 6). The subsequent section reviews some of the most contemporary results of lavage and
drainage, necrosectomy, ERCP, and biliary surgery, focusing on open, endoscopic, and percutaneous
techniques.

Lavage and drainage

Endoscopic, percutaneous, and open surgical drainage are among the different methods of drainage,
each with its own set of benefits and drawbacks[40]. For the first time, Freeny et al[41] presented a
unique method known as the step-up technique aimed at gradually controlling infections rather than
rapidly removing necrosis. It is based on percutaneous catheter drainage (PCD), which is considered the
least invasive procedure for managing necrosis of infected AP, with reduced length of stay [intensive
care unit (ICU) and hospital], hemorrhage, mortality, fistulas, and OF, compared to open surgery[42,43].

PCD is not optimal as an early invasive intervention or treatment and is recommended at least four
weeks later when necrosis is expected to form a wrap. A retrospective cohort study addressed this issue
and described a novel insert catheter approach known as abdominal paracentesis drainage (APD)[44].
APD can lower intestinal barrier damage and SAP severity[45]. Early treatment by APD reduces the
release of inflammatory factors and improves the prognosis. Furthermore, in MSAP or SAP, APD does
not increase infection or mortality complications compared to a strategy without APD[46].

A recent meta-analysis found that APD significantly reduced all-cause mortality, length of hospital
stay, and procedure cost compared to conventional follow-up treatment, with no discernible differences
in the risk of infection or OF[29]. Another study examined the function of APD before PCD as a
variation of the step-up strategy. The use of APD before PCD is also effective in managing AP with
abdominal fluid accumulation; however, the conditions under which APD should be used have not
been thoroughly explained[47].

According to most international guidelines, catheter drainage should be delayed until the “WON
stage” is achieved, which usually takes four weeks after the onset of AP. Interestingly, the practicality of
surgical necrosectomy is the primary basis for this advice. van Grinsven ef al[48] argued that deferring
drainage may not be necessary and that early drainage of infected necrosis may improve the results.
However, a multicenter randomized superiority trial did not indicate that early drainage was preferable
to delayed drainage in terms of complications in cases of IPN[49]. Another recent study compared
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combined endoscopic and percutaneous drainage for necrotic fluid collection (NFC) in the “early” and
“late” drainage groups. The study found that early draining of NFC is feasible and safe when performed
in a tertiary care facility with therapeutic endoscopic US proficiency[50]. These findings underscore the
importance of clinical competence in treating complicated AP.

PCD is usually performed under US or computed tomography (CT) guidance. A study examined the
effectiveness of the US/CT image fusion guide, reporting that the US/CT-PCD group showed
significantly fewer puncture-related problems, shorter hospital stays and intubation time, and lower
treatment costs than the US-PCD group. The authors concluded that for PCD, the US/CT image fusion
guide is a reliable approach for SAP with infected WON[51].

EUS-TD has progressed from the involvement of multiple plastic stents to fully covered self-
expanding metal stents and lumen-apposing metal stents (LAMS), resulting in a number of procedural
and therapeutic advantages without increasing total treatment costs[52]. In early AP, transluminal ED is
associated with a shorter resolution period and lower requirement for salvage surgery than PCD[53].
Furthermore, regardless of infection, EUS-guided drainage (EUS-D) has been shown to offer advantages
over PCD in terms of clinical success and faster resolution of WON[54]. Prolonged OF is more
frequently an indication of PCD in ANC than in WON, although suspected infection is more commonly
an indication in WON than in ANC[55]. A study comparing RP and transperitoneal (TP) found that
both are safe and effective, although TP has a higher clinical success rate[56].

Another study examined the efficacy of minimally invasive endoscopic procedures in treating IPN.
The mortality rate did not differ significantly; however, the incidence of enteral or pancreaticutaneous
fistulas was much lower in the endoscopic group. Furthermore, in the endoscopic approach group,
physical health scores for quality of life (QoL) were higher, and the mean total cost of treatment was
lower[57]. A systematic review compared the effects of ED with various surgical drainage procedures in
necrotizing pancreatitis, indicating that ED had a lower incidence of fistula development than other
surgical drainage methods[58]. Another study found that the use of a minimally invasive draining
technique in patients with IPN was associated with shorter stays in the ICU and hospital[59].

A systematic review compared endoscopic and surgical treatments in patients with infected walled
necrosis. There were no differences in mortality; however, the endoscopic group had fewer new-onset
OF and perforations or fistulas[60]. Another study revealed that the endoscopic method could provide
superior QoL to surgical necrosectomy[61].

Necrosectomy

The standard therapy for infected pancreatitis necrosis is open necrosectomy, which helps remove
necrotic tissue and drain contaminated compartments. The upfront approach has recently gained
popularity because of its low mortality and morbidity risks. A prospective multicenter randomized trial
found that open necrosectomy was associated with a higher incidence of new-onset multiple OF and
mortality equivalent to the step-up approach[37]. In response to further improvements, a one-step
laparoscopic pancreatic necrosectomy was developed, with a shorter hospital stay than the surgical
step-up group but no equivalent mortality or morbidity burden[62]. Infracolic necrosectomy and
selective Roux-en-Y cystjejunostomy have also been reported as safe operational alternatives for difficult
SAP that are not susceptible to drainage/debridement using standard procedures[63].

Endoscopic, minimally invasive, and video-assisted retroperitoneal techniques for debridement have
gained increasing attention in recent decades, with an emphasis on reducing mortality and morbidity. A
meta-analysis found that endoscopic therapy, as opposed to minimally invasive surgery, substantially
reduced complications in patients with infected necrotizing pancreatitis[64]. Recently, Xiao et al[65]
examined the efficacy of open necrosectomy, minimally invasive surgery, and the endoscopic step-up
technique, indicating that the endoscopic step-up group had fewer complications and shorter hospital
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stay.

Step-up procedures have become the standard therapy for WON based on extensive evidence from
randomized controlled trials[66-69]; however, it is crucial to be wary of pancreatic fistulas and stent-
related problems during the endoscopic step-up approach[70]. It should also be noted that there is
currently no harmonized strategy for the endoscopic treatment of pancreatic necrosis that considers
local knowledge, anatomical characteristics of necrosis, and concomitant disorders[30].

According to Minami et al[71], in cases of infected ANC/WON, the open necrosectomy may be
performed if clinically necessary. Recently, Jagielski et al[72] showed that percutaneous endoscopic
necrosectomy (PEN) using self-expanding esophageal metal stents (SEMS) is potentially efficacious and
has an acceptable incidence of complications. Ke et al[73] verified that the use of SEMS during PEN
techniques reduced hospital stay, new-onset sepsis, and duration of the procedure. It should be noted
that ED and direct endoscopic necrosectomy (DEN) have been the preferred treatment techniques since
the discovery of LAMS, especially when there is considerable solid debris or infection[74]. However,
because long-term problems after DEN are comparable to those observed after pancreatectomy, Kim et
al[75] cautioned that DEN should be performed methodically while avoiding injury to viable pancreatic
tissues with appropriate antibiotic escalation. Although the postoperative QoL of patients after
minimally invasive pancreatic interventions has not yet been identified, it is widely accepted that
customized interventional surgical therapy should be attempted in SAP management to obtain the best
clinical and QoL outcomes[76-78].

ERCP and biliary surgery

If gallstones are confirmed to be the source of the problem, cholecystectomy is recommended to avoid
repeated episodes and, perhaps, biliary sepsis. It is important to note that GSAP improves when the
stone is removed. Novikov ef al[79] examined all patients admitted to a nationwide inpatient sample for
GSAP between 2004 and 2014. These findings support early ERCP in patients with GSAP but without
cholangitis. A systematic review evaluated the clinical utility of early ERCP vs early conservative
therapy in conjunction with ERCP in selected cases, reporting the absence of significant advantages of
early routine ERCP in terms of mortality or local or systemic pancreatitis[80]. A randomized controlled
study compared the composite outcomes of immediate ERCP with sphincterotomy and conservative
treatment in patients with severe GSAP. Compared to conservative therapy, immediate ERCP with
sphincterotomy did not reduce the composite outcome[81]. Other studies have also not demonstrated
the benefits of early ERCP with biliary sphincterotomy in improving the prognosis of patients with
GSAP who do not have associated cholangitis[39,52].

A study examined whether LCC can prevent recurring acute IAP. During surgery, biliary stones or
sludge was found in 23/39 (59%) patients, and the authors concluded that when all other plausible
causes of pancreatitis were ruled out, LCC could successfully prevent the recurrence of IAP[83]. Faur et
al[84] investigated the effects of early biliary decompression using a minimally invasive method in
patients with acute biliary pancreatitis.

CONCLUSION

Most patients with AP have a moderate, self-limiting, and straightforward clinical course. Mild and life-
threatening sequelae, local and systemic, include pancreatic and/or peripancreatic fluid collections,
walled necrosis, and IPN. Surgical complication management has undergone a dramatic transformation
in recent decades. Patients with sterile necrosis who experience symptoms need intervention less often
than those with infected necrosis. Pancreatic necrosis has traditionally been treated by open
necrosectomy; however, in recent decades, less invasive methods, including endoscopic treatments,
have become the norm. Technological advancements have improved the safety and effectiveness of
endoscopic operations. However, certain problems still require further correction. Unfortunately, there
is no standardized endoscopic approach or protocol for the treatment of various types and complic-
ations of SAP, considering parameters such as clinical competence, infection management, anatomical
characteristics of necrosis, and comorbidity profiles. The lack of knowledge of the biology of the disease
has also resulted in a scarcity of pharmacological and surgical treatment options for AP. Furthermore,
controlled studies are required to determine the efficacy of etiology-specific intervention therapy on
outcomes such as recurrent AP, treatment costs, progression to chronic pancreatitis and cancer, QoL,
and mortality.
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