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Abstract 

Severe acute pancreatitis (SAP) is a heterogeneous and potentially fatal disease in which 

infected necrosis, persistent organ failure, and procedure-related morbidity remain major 

clinical challenges. Although minimally invasive intervention has largely replaced early open 

necrosectomy, important uncertainties persist regarding the optimal timing of intervention, 

the choice of initial access route, and the threshold for escalation beyond drainage alone. This 

review synthesizes current evidence on minimally invasive management of SAP with a 

particular focus on unresolved controversies and decision-making in real-world practice. 
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Rather than viewing percutaneous, endoscopic, and minimally invasive surgical techniques 

as competing modalities, we propose that they should be understood as complementary tools 

within an individualized step-up strategy. In our view, the most meaningful clinical question 

is not whether minimally invasive treatment is preferable to open surgery, but how 

intervention should be tailored according to indication, urgency, collection maturity, 

anatomical distribution, solid necrotic burden, septic trajectory, and local multidisciplinary 

expertise. Based on these considerations, we present a practical decision-centered framework 

to guide route selection, timing, and escalation. Future research should move beyond broad 

modality comparisons toward anatomy-stratified studies, standardized escalation criteria, and 

long-term patient-centered outcomes. 

 

Keywords: Severe acute pancreatitis, minimally invasive treatment, step-up approach, 

multidisciplinary team management 

 

INTRODUCTION 

Severe acute pancreatitis (SAP) is a life-threatening-threatening form of acute pancreatitis 

characterized by persistent organ failure, high morbidity, and substantial mortality. Its 

clinical course is often biphasic: an early phase dominated by systemic inflammatory 

response syndrome (SIRS), multiple organ dysfunction, and abdominal compartment 

syndrome, followed by a later phase in which infected necrosis and other local complications 

become major drivers of deterioration and death[1]. Because SAP is marked by marked 

heterogeneity in disease severity, anatomical extension, and temporal evolution, its 

management remains one of the most challenging problems in pancreatic surgery and critical 

care. 

 

Over the past two decades, the treatment paradigm for SAP has shifted substantially from 

early open necrosectomy toward delayed, minimally invasive, and stepwise intervention[2]. 

This transition has been driven not only by advances in imaging, endoscopy, interventional 

radiology, and minimally invasive surgery, but also by a deeper understanding that overly 

aggressive early surgery may aggravate systemic inflammation and increase procedure-

related morbidity. In contrast, staged minimally invasive approaches can improve source 

https://www.scierxiv.com/


                                                       NOT PEER-REVIEWED 

DOI: 10.20517/scierxiv202604.0234.v1                                                      https://www.scierxiv.com/ 3 

control while reducing physiological stress and preserving pancreatic and peripancreatic 

tissue whenever possible. As a result, minimally invasive intervention has become a central 

component of contemporary SAP management. 

 

However, the key clinical question is no longer whether minimally invasive treatment should 

replace open surgery, but how minimally invasive strategies should be individualized in real-

world practice. Although the step-up principle is now widely accepted, important 

uncertainties remain regarding the optimal timing of intervention, selection between 

endoscopic and percutaneous access, indications for escalation from drainage to 

necrosectomy, and the influence of anatomical factors, necrotic burden, septic trajectory, and 

local expertise on treatment choice. Existing reviews often summarize available techniques 

separately, but less often address how these variables should be integrated into practical 

clinical decision-making. Therefore, this review aims not only to summarize current 

minimally invasive modalities for SAP, but also to critically appraise the available evidence, 

highlight unresolved controversies, and propose a pragmatic clinical decision framework for 

individualized intervention. 

 

Why a decision-oriented reappraisal of minimally invasive treatment is needed 

Although minimally invasive intervention has become a cornerstone of contemporary SAP 

management, the field is still often discussed in a technique-centered manner, with 

percutaneous, endoscopic, and surgical approaches reviewed as separate modalities. Such an 

approach is useful for describing procedural options, but it does not fully address the real 

clinical challenge: how to determine the right intervention for the right patient at the right 

time. In practice, treatment decisions are rarely driven by technique alone. They are shaped 

by the indication for source control, the maturity and anatomical distribution of necrotic 

collections, the proportion of solid debris, the tempo of systemic deterioration, and the 

expertise available within a multidisciplinary center. Accordingly, a clinically meaningful 

review should move beyond procedural description and focus instead on how current 

evidence can inform individualized decision-making. The following sections therefore 

examine minimally invasive treatment in SAP from a decision-oriented perspective, 
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beginning with what is firmly established, what remains controversial, and which clinical 

variables should guide route selection and escalation. 

 

From open necrosectomy to minimally invasive intervention: what has changed 

Open surgery historically played an important role in the management of severe acute 

pancreatitis, particularly in patients with infected necrosis, uncontrolled abdominal sepsis, or 

abdominal compartment syndrome. In selected settings, surgical decompression and 

debridement could provide rapid source control, relieve intra-abdominal pressure, and 

remove necrotic tissue extensively. For many years, this approach represented the dominant 

interventional strategy for SAP, especially when critical deterioration occurred in the absence 

of effective alternatives. However, accumulated clinical experience and comparative studies 

gradually revealed the major limitations of routine open intervention. Whether performed 

early in the inflammatory phase or later during necrotizing disease, open necrosectomy is 

associated with substantial physiological insult and may aggravate systemic inflammatory 

response, bleeding, enteric fistula formation, pancreatic insufficiency, and multiorgan 

dysfunction[3,4]. In many patients, aggressive operative debridement achieves anatomical 

clearance at the cost of considerable procedural morbidity. These observations prompted a 

re-evaluation of the long-standing assumption that extensive open surgery should be the 

standard response to necrotizing SAP. 

 

The treatment landscape has changed fundamentally over the past two decades. 

Improvements in cross-sectional imaging, interventional radiology, therapeutic endoscopy, 

minimally invasive retroperitoneal surgery, and perioperative critical care have enabled a 

transition from early aggressive surgery toward staged, less invasive, and more selective 

intervention. Rather than pursuing immediate and complete necrosectomy in every patient, 

contemporary management increasingly emphasizes infection control, decompression, 

drainage, and escalation only when clinically necessary. This shift has not simply introduced 

new techniques; it has redefined the therapeutic goal of intervention from extensive tissue 

removal to individualized source control with minimal additional injury. As a result, 

minimally invasive management is now regarded not merely as a technical alternative to open 

surgery, but as a broader change in treatment philosophy for SAP. 

https://www.scierxiv.com/
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What is already established in current practice 

Several principles are now relatively well established in contemporary SAP management. 

First, invasive intervention should not be undertaken routinely in all patients with pancreatic 

or peripancreatic necrosis. Many patients with sterile necrosis can be managed 

conservatively, and even in the presence of necrotizing pancreatitis, intervention is generally 

reserved for infected necrosis, persistent sepsis, ongoing organ dysfunction, or local 

complications that cannot be controlled by supportive care alone. This indication-based 

approach reflects a major departure from earlier eras in which the mere presence of necrosis 

often prompted operative treatment. Second, delayed intervention has become the preferred 

strategy whenever the patient’s condition permits. Allowing time for necrotic collections to 

organize and mature into walled-off necrosis may facilitate safer access, clearer anatomical 

demarcation, more effective drainage, and reduced procedural complications. Although delay 

is not always feasible in rapidly deteriorating patients, the general principle that “later is often 

better” has become a central tenet of modern practice. Third, the step-up concept has emerged 

as the dominant therapeutic framework. In this model, treatment begins with the least 

invasive intervention capable of achieving clinical benefit-most commonly image-guided 

percutaneous drainage or endoscopic transluminal drainage-and proceeds to minimally 

invasive necrosectomy or surgical debridement only when the response is inadequate[5]. 

Importantly, the step-up approach should be understood as a treatment principle rather than 

a rigid procedural sequence. Its purpose is not to force all patients through identical stages, 

but to reduce unnecessary procedural burden while preserving the option of escalation when 

source control remains incomplete.  

 

Finally, multidisciplinary management is now widely recognized as essential. Because SAP 

evolves dynamically and often involves multiple organ systems, treatment decisions 

increasingly depend on coordinated input from intensive care, gastroenterology, pancreatic 

surgery, interventional radiology, infectious disease, and nutrition teams. In this sense, 

contemporary practice has already moved beyond single-technique or single-specialty 

management. What is established today is not merely that minimally invasive techniques are 
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available, but that successful SAP intervention depends on individualized planning within a 

multidisciplinary and staged framework. 

 

Why existing reviews remain insufficient for clinical decision-making 

Despite these advances, an important gap remains between procedural knowledge and real-

world decision-making. Many existing reviews summarize minimally invasive modalities 

according to technique, for example, percutaneous drainage, endoscopic necrosectomy, 

retroperitoneal debridement, laparoscopic approaches, or adjunctive interventions. Such 

summaries are useful for describing procedural characteristics, indications, and historical 

evolution, but they often stop short of answering the questions clinicians face at the bedside. 

In practice, the central challenge is rarely whether a given technique is technically feasible. 

Rather, the key questions are which patient should undergo intervention, when intervention 

should occur, which access route is most appropriate, and when escalation from drainage to 

debridement is justified. These decisions depend on variables that are often underemphasized 

in technique-centered reviews, including the maturity of the collection, its anatomical 

extension, the proportion of solid necrotic debris, the trajectory of sepsis or organ failure, the 

availability of local expertise, and the feasibility of repeated or combined procedures[6]. Thus, 

route selection in SAP is not simply a comparison between endoscopic and percutaneous 

methods, nor is step-up therapy a one-size-fits-all sequence. 

 

Another limitation of the current literature is that apparent differences between modalities 

are frequently confounded by patient selection and center experience. Endoscopic 

approaches are often favored for centrally located collections adjacent to the stomach or 

duodenum, whereas percutaneous or retroperitoneal approaches may be more practical for 

lateral, deep, or complex extensions. Outcomes therefore reflect not only technique 

performance, but also anatomy, case mix, timing, and institutional expertise. Without 

acknowledging these contextual factors, comparisons between modalities may be overly 

simplified and potentially misleading. 

 

For these reasons, a more clinically useful review must move beyond descriptive summaries 

of available procedures. It should critically appraise what is truly supported by current 
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evidence, identify where uncertainty persists, and organize the field around decision-relevant 

variables rather than procedural categories alone. This decision-oriented perspective provides 

the rationale for the sections that follow, which examine indications, timing, route selection, 

escalation strategy, and multidisciplinary implementation as interconnected components of 

individualized minimally invasive management in SAP. 

 

Indications for intervention in severe acute pancreatitis 

Determining when to intervene is one of the most consequential decisions in the management 

of severe acute pancreatitis. Although minimally invasive techniques have expanded the 

therapeutic armamentarium, intervention itself remains a double-edged step: it may provide 

essential source control in selected patients, but may also introduce additional physiological 

stress, bleeding, fistula formation, secondary infection, or repeated procedural burden. For 

this reason, the threshold for intervention in SAP should not be defined by the mere presence 

of necrosis or fluid collection, but by a careful assessment of whether invasive treatment is 

likely to alter the clinical trajectory more favorably than continued conservative management. 

A decision-oriented approach therefore begins with indication rather than technique. The 

most widely accepted trigger is infected necrosis, but clinical reality is often more complex. 

Some patients deteriorate despite the absence of microbiological confirmation, whereas 

others with extensive necrosis remain stable under noninvasive treatment. Moreover, certain 

emergencies require prompt intervention irrespective of the maturity of the collection. The 

following subsections distinguish between established indications, relative indications, 

urgent rescue scenarios, and situations in which intervention should be deferred or avoided. 

 

Established indications: Infected pancreatic necrosis 

Among all potential triggers for intervention in SAP, infected pancreatic necrosis remains 

the most clearly established and widely accepted indication. Once infection develops within 

necrotic pancreatic or peripancreatic tissue, conservative treatment alone is often insufficient 

to achieve durable source control, particularly in patients with persistent fever, rising 

inflammatory markers, clinical sepsis, or progressive organ dysfunction[7]. In such settings, 

drainage-based intervention has become the cornerstone of management, with escalation to 

necrosectomy reserved for inadequate response. 

https://www.scierxiv.com/


                                                       NOT PEER-REVIEWED 

DOI: 10.20517/scierxiv202604.0234.v1                                                      https://www.scierxiv.com/ 8 

 

The diagnosis of infected necrosis may be confirmed directly, for example by positive culture 

obtained from fine-needle aspiration or drainage, but in contemporary practice it is often 

established clinically and radiologically rather than microbiologically. The presence of gas 

within a necrotic collection on cross-sectional imaging is strongly suggestive, although not 

universally present. More commonly, clinicians rely on a constellation of findings, including 

persistent or recurrent fever, leukocytosis, elevated inflammatory biomarkers, hemodynamic 

instability, failure to improve despite optimal supportive care, and exclusion of alternative 

sources of infection. This shift away from routine diagnostic aspiration reflects both practical 

considerations and the recognition that clinical context often provides sufficient justification 

for intervention[8,9]. 

 

Importantly, intervention for infected necrosis should not be equated with immediate 

necrosectomy. Current practice strongly favors drainage as the initial step in most patients, 

with the dual goals of source control and physiological stabilization. In a substantial 

proportion of cases, catheter- or endoscopy-based drainage may reduce the infectious burden 

sufficiently to avoid more invasive debridement altogether. Thus, the established indication 

is not “infected necrosis equals surgery”, but rather “infected necrosis requires active source 

control, preferably through a staged minimally invasive pathway”. At the same time, not 

every patient with suspected infected necrosis requires identical timing or access. 

Hemodynamic stability, collection maturity, anatomical accessibility, and local expertise all 

influence how intervention should be implemented. Therefore, while infected necrosis is the 

clearest trigger for invasive management, its presence does not eliminate the need for 

individualized route selection and timing.  

 

Relative indications: Persistent or progressive organ failure without proven infection 

A more difficult and controversial scenario arises when patients develop persistent or 

worsening organ failure in the absence of definite evidence of infected necrosis. In these 

cases, the indication for intervention is less straightforward. On the one hand, persistent 

systemic deterioration may reflect ongoing inflammatory toxicity from necrotic tissue, occult 

infection not yet radiologically apparent, or insufficient decompression of evolving 
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collections. On the other hand, premature invasive intervention during the early 

inflammatory phase may exacerbate instability without addressing the underlying 

pathophysiology. For this reason, persistent organ failure without proven infection should be 

regarded as a relative rather than absolute indication for intervention. The decision depends 

heavily on the overall clinical trajectory. Intervention may be justified when organ 

dysfunction fails to improve despite intensive care support, when sepsis is strongly suspected 

but not microbiologically confirmed, or when repeated reassessment suggests that an 

evolving collection is contributing meaningfully to ongoing clinical decline. In such patients, 

minimally invasive drainage may serve both diagnostic and therapeutic purposes by reducing 

inflammatory burden, decompressing a symptomatic collection, and clarifying whether 

occult infection is present[10]. 

 

However, this indication demands caution. Organ failure in early SAP is often driven 

predominantly by systemic inflammation rather than by a localized target amenable to 

intervention. If a collection is immature, poorly demarcated, or not anatomically suitable for 

safe access, the risks of intervention may outweigh the likely benefit. In addition, progressive 

organ dysfunction may result from extra-pancreatic complications such as pneumonia, 

catheter-related infection, bowel ischemia, or cardiopulmonary decompensation, none of 

which would be corrected by pancreatic intervention. Therefore, intervention should not 

become a default response to any prolonged ICU course. 

 

A useful practical principle is that intervention in this setting should be considered when 

three conditions converge: first, the patient shows persistent or worsening clinical instability; 

second, imaging demonstrates a plausible target for drainage or decompression; and third, 

multidisciplinary reassessment indicates that non-pancreatic explanations for deterioration 

have been excluded or are insufficient to account for the severity of illness. Even then, the 

goal should usually be limited and staged—most commonly drainage rather than immediate 

debridement. This is an area in which clinical judgment remains indispensable, and where 

the literature still provides less certainty than in established infected necrosis.  

 

https://www.scierxiv.com/
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Urgent rescue scenarios: Abdominal compartment syndrome, perforation, hemorrhage, and 

biliary emergencies 

Although delayed intervention is preferred in most patients with SAP, some complications 

represent true rescue scenarios in which waiting for collection maturation is neither feasible 

nor safe. These situations are exceptions to the general principle of postponement and require 

prompt action to prevent irreversible deterioration or death. Their clinical importance lies 

precisely in the fact that they are driven by urgent physiology rather than by the ideal timing 

of necrotic intervention. Abdominal compartment syndrome is one of the most important 

such scenarios. Markedly elevated intra-abdominal pressure may impair renal perfusion, 

venous return, respiratory mechanics, and visceral blood flow, thereby worsening multiorgan 

dysfunction. When conservative decompressive measures fail, urgent procedural or surgical 

decompression may be necessary even in the early phase of disease. In this context, the 

objective is not definitive management of necrosis, but rapid reversal of life-threatening 

compartment physiology. The same applies to selected biliary emergencies, such as 

concomitant cholangitis or persistent biliary obstruction requiring urgent decompression[11]. 

Similarly, gastrointestinal perforation, uncontrolled hemorrhage, bowel ischemia, or visceral 

perforation represent emergencies that may necessitate immediate intervention irrespective 

of the maturity of pancreatic collections[12,13]. In these cases, intervention is triggered not by 

the presence of necrosis per se, but by a specific complication whose natural history is 

incompatible with continued delay. The route of intervention may differ accordingly: 

endoscopic, radiologic, surgical, or hybrid approaches may all be appropriate depending on 

the dominant pathology. 

 

These rescue indications underscore an important conceptual point: the timing of intervention 

in SAP should not be reduced to a simple “before or after four weeks” rule. The more relevant 

question is whether the patient’s current complication requires immediate action for 

physiological stabilization or source control. When the answer is yes, earlier intervention is 

justified, even if the eventual necrosis-directed strategy will need to be revisited later in a 

more mature phase. Thus, urgent rescue scenarios are not contradictions of the delayed-

intervention paradigm, but clinically necessary exceptions within a broader individualized 

strategy. 

https://www.scierxiv.com/
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When not to intervene: Sterile necrosis, clinical stabilization, and procedural futility  

Equally important as knowing when to intervene is recognizing when intervention should be 

avoided. The presence of pancreatic or peripancreatic necrosis alone is not an indication for 

invasive treatment. Many patients with sterile necrosis can be managed successfully with 

intensive supportive care, nutritional optimization, organ support, and close imaging follow-

up. In clinically stable patients, premature drainage or debridement may expose them to 

unnecessary complications without providing meaningful benefit. 

 

Clinical stabilization is therefore a major argument against routine intervention. A patient 

with extensive necrosis but improving hemodynamics, declining inflammatory markers, 

absence of sepsis, adequate pain control, and no significant compressive symptoms may be 

better served by continued observation than by invasive procedures. This principle is 

especially relevant because imaging severity and clinical severity do not always move in 

parallel. Large collections may appear alarming radiologically yet remain biologically 

quiescent, whereas smaller collections may drive disproportionate systemic illness. 

Intervention should follow the patient’s clinical course, not imaging appearance alone. 

 

Finally, the concept of procedural futility must also be considered, particularly in patients 

with irreversible multiorgan failure, extreme frailty, or a broader clinical context in which 

invasive source control is unlikely to change outcome. Although this is often uncomfortable 

to discuss, not all technically feasible interventions are clinically justified. In some patients, 

the burden of repeated drainage, necrosectomy, anesthesia, and ICU escalation may exceed 

the realistic chance of recovery. Accordingly, the decision not to intervene can be as 

clinically meaningful as the decision to proceed, provided it is reached through careful 

multidisciplinary assessment and transparent communication with patients and families. 

 

Taken together, these considerations reinforce a central message: intervention in SAP should 

be selective rather than reflexive. A clinically useful framework must identify not only who 

should undergo invasive treatment, but also who may benefit more from continued 

https://www.scierxiv.com/
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observation, delayed reassessment, or supportive care alone.3. Minimally Invasive Treatment 

Modalities for SAP. 

 

Evidence supporting the step-up principle: What is settled and what is not 

Once the indication for intervention has been established, the next question is not simply 

which procedure to perform, but how intervention should be staged. In contemporary SAP 

management, the step-up principle has become the dominant framework for this purpose. 

Rather than proceeding directly to open necrosectomy, the step-up strategy begins with the 

least invasive intervention capable of achieving meaningful source control and escalates only 

if clinical response remains inadequate. This paradigm has substantially reshaped the 

management of infected necrosis and other intervention-requiring complications. However, 

the strength of the step-up concept lies not only in its procedural sequence, but in its 

underlying philosophy of minimizing treatment-related injury while preserving the capacity 

for escalation. Questions remain regarding the optimal initial route, the criteria for escalation, 

and the degree to which outcomes reflect modality choice versus case selection and center 

expertise. For this reason, the step-up approach should be examined not as a closed doctrine, 

but as a structured yet adaptable framework whose evidence base is strong in some areas and 

still incomplete in others[14]. 

 

Why step-up has replaced routine early open surgery 

The step-up principle emerged largely in response to the limitations of routine open surgery 

in necrotizing pancreatitis. Traditional open necrosectomy was designed to achieve direct 

and extensive removal of infected or devitalized tissue, but in practice it often imposed 

substantial physiological burden on patients who were already critically ill. The combination 

of severe systemic inflammation, capillary leak, organ dysfunction, nutritional depletion, and 

fragile retroperitoneal anatomy made open debridement particularly hazardous, especially 

when performed early in the disease course. Even when technically successful, surgery 

frequently resulted in major complications such as bleeding, enteric fistulae, incisional 

morbidity, repeated re-operations, and prolonged intensive care dependence. By contrast, the 

step-up approach was built on a different therapeutic logic. It recognized that not all patients 

with necrotizing SAP require immediate or extensive tissue debridement, and that a 

https://www.scierxiv.com/


                                                       NOT PEER-REVIEWED 

DOI: 10.20517/scierxiv202604.0234.v1                                                      https://www.scierxiv.com/ 13 

meaningful proportion of patients may improve with drainage alone once the infectious or 

inflammatory burden is partially controlled. This reorientation was clinically important 

because it shifted the aim of intervention away from anatomical completeness and toward 

pragmatic source control. In other words, the goal became not to remove all necrotic material 

at the earliest opportunity, but to stabilize the patient with the least invasive effective method 

and escalate only when necessary[15]. 

 

The replacement of routine open surgery by step-up strategies therefore reflects more than 

technical progress; it reflects a change in therapeutic priorities. Contemporary management 

places greater value on reducing procedure-related harm, allowing physiological recovery, 

preserving viable tissue, and tailoring the intensity of intervention to the patient’s evolving 

clinical response. This is why step-up has become the preferred paradigm in most patients 

requiring intervention for SAP-related necrosis. Open surgery has not disappeared 

completely, but it is no longer viewed as the default starting point. Instead, it has become one 

of several escalation options within a broader staged treatment pathway. 

 

Step-up as a treatment principle rather than a fixed procedural sequence 

The step-up treatment strategy represents the core therapeutic concept in the management of 

SAP, particularly necrotizing pancreatitis. This principle is based on the natural evolution of 

the disease and advances in minimally invasive techniques. It emphasizes initiating treatment 

with the least invasive intervention once infection and inflammation are adequately 

controlled, and progressively escalating treatment intensity according to clinical response, 

thereby minimizing treatment-related complications and mortality risk[8]. The step-up 

strategy is not a fixed protocol, but rather a dynamic, reversible, and upgradable therapeutic 

approach. Its basic framework generally includes the following sequential levels. First, 

intensified medical and critical care support is provided. All SAP patients should initially 

receive standardized fluid resuscitation, organ function support, analgesia, infection 

surveillance, and enteral nutrition. Although this stage does not involve invasive intervention, 

it constitutes the foundational platform of the step-up strategy. Second, minimally invasive 

drainage is employed as the preferred initial invasive intervention. When infected pancreatic 

necrosis or persistent sepsis is present, the least traumatic drainage method should be selected 

https://www.scierxiv.com/
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first, such as percutaneous catheter drainage or endoscopic drainage. Third, minimally 

invasive necrosectomy is considered as an escalation strategy. If infection control remains 

inadequate or clinical improvement is limited after drainage alone, treatment may be 

upgraded at an appropriate time to minimally invasive techniques with necrosectomy 

capability, such as endoscopic necrosectomy or video-assisted retroperitoneal necrosectomy. 

Finally, open surgery is reserved as the last option. Open necrosectomy or surgical 

intervention should be considered only when minimally invasive approaches have failed or 

when life-threatening complications occur[16]. 

 

A substantial body of evidence-based clinical data indicates that adherence to the step-up 

treatment principle significantly reduces the incidence of severe complications, decreases the 

need for open surgical intervention, shortens intensive care unit and overall hospital stay, and 

improves overall survival outcomes. More importantly, this principle provides a standardized 

and reproducible decision-making framework for minimally invasive management of SAP 

while allowing for individualized adaptation, and has therefore become a core strategy widely 

endorsed by current international guidelines and expert consensus statements[17]. 

 

Importantly, step-up should be understood as a treatment philosophy rather than a rigid 

procedural sequence. In practice, the initial access route, escalation threshold, and choice of 

necrosectomy technique vary substantially according to collection anatomy, degree of solid 

necrotic burden, systemic deterioration, and local expertise. Therefore, the major unresolved 

issue is no longer whether step-up is preferable to open necrosectomy, but how step-up 

should be individualized in different clinical contexts. However, the step-up strategies at 

different centers are actually not consistent. The starting path and the upgrade threshold are 

influenced by the equipment and the team's experience. The current research more strongly 

supports that step-up surgery is superior to open surgery, but it is not sufficient to answer the 

question of “which step-up path is most suitable for which type of patients”. 

 

The unresolved issue: Which step-up pathway fits which patient 

Although the general superiority of staged minimally invasive treatment over routine primary 

open surgery is now widely accepted, an important unresolved question remains: which step-
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up pathway is most appropriate for which patient? This is the point at which the strongest 

consensus in the field begins to give way to genuine uncertainty. The challenge is no longer 

whether to adopt a step-up philosophy, but how to operationalize it across highly 

heterogeneous anatomical and clinical presentations. At present, the choice of pathway is 

influenced by several interrelated factors. These include the location and maturity of the 

collection, its proximity to the stomach or duodenum, the extent of lateral or pelvic extension, 

the proportion of solid necrotic debris, the urgency of source control, the patient’s 

physiological reserve, and the expertise available within the treating center. As a result, the 

question “endoscopic-first or percutaneous-first?” cannot be answered in the abstract. Each 

route has particular strengths and limitations, and each is favored in different anatomical 

contexts. Similarly, the threshold for escalation from drainage to debridement is shaped not 

only by persistent infection, but also by the adequacy of catheter position, the effectiveness 

of irrigation, the accessibility of residual necrosis, and the patient’s ongoing systemic 

response. 

 

This complexity helps explain why published outcomes across different minimally invasive 

approaches are difficult to compare directly. Apparent superiority of one modality may partly 

reflect patient selection rather than intrinsic procedural advantage. Endoscopic series often 

involve centrally located collections accessible through the gastric or duodenal wall, whereas 

percutaneous and retroperitoneal series may include more laterally distributed, deep, or 

anatomically complex necrosis. Center experience further complicates interpretation, since 

outcomes are strongly influenced by operator skill, multidisciplinary coordination, and the 

availability of repeated or hybrid procedures. What appears to be a comparison of techniques 

may therefore in part be a comparison of anatomy, timing, and institutional systems. For 

these reasons, the unresolved issue is not whether step-up works, but how it should be 

individualized. This is precisely where future progress is needed. Better anatomy-stratified 

comparisons, more explicit criteria for escalation, and clinically usable decision frameworks 

are required to move the field beyond broad endorsement of minimally invasive care toward 

more precise route selection. If the main unresolved problem is not whether to use a step-up 

strategy, but how to tailor it, then the next task is to examine the principal controversies that 

shape route selection, timing, and escalation in contemporary practice.  
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Comparative appraisal of available minimally invasive modalities 

Minimally invasive modalities in SAP should not be understood as interchangeable 

procedural tools. Each approach has a distinct therapeutic profile shaped by access route, 

anatomical reach, capacity to remove solid necrosis, procedural burden, and dependence on 

local expertise. A meaningful appraisal therefore requires more than a technical description 

of how each procedure is performed. What matters clinically is which modality is best suited 

to which patient, under what circumstances it is likely to succeed, when it is likely to fail, 

and how it fits into a staged strategy of escalation. The following appraisal emphasizes these 

practical distinctions. Rather than ranking modalities in absolute terms, this section considers 

them as context-dependent options within individualized SAP management. In many cases, 

their value lies not in replacing one another, but in being deployed sequentially or in 

combination according to evolving anatomy and clinical response.  

 

Percutaneous catheter drainage: Strengths, limitations, and best-use scenarios 

Percutaneous catheter drainage (PCD) remains one of the most widely used minimally 

invasive interventions in SAP and continues to play a central role in step-up treatment 

strategies. Its most important strength is accessibility. Under image guidance, percutaneous 

drainage can often be established rapidly and relatively safely, even in critically ill patients 

who are poor candidates for more invasive procedures[18,19]. This makes PCD particularly 

attractive when urgent decompression or early source control is needed, especially in patients 

with hemodynamic instability, respiratory compromise, or evolving sepsis. From an 

anatomical perspective, PCD is especially valuable for collections that are laterally located, 

extend into the paracolic gutters or pelvis, involve deep retroperitoneal compartments, or are 

otherwise poorly accessible from the upper gastrointestinal lumen. It may also be useful when 

disease is multiloculated and different compartments require separate access routes. In these 

situations, PCD offers practical versatility that is difficult to match with a purely transluminal 

endoscopic approach. Another important advantage is that it can serve both therapeutic and 

diagnostic purposes, allowing decompression, culture acquisition, irrigation, and radiological 

reassessment through an established route. 
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However, the limitations of PCD are equally important. Drainage is often less effective when 

collections contain a high burden of solid necrotic debris rather than primarily fluid content. 

In such cases, catheter placement alone may provide only partial source control and may need 

repeated upsizing, repositioning, or adjunctive irrigation. External drains may also be 

uncomfortable for patients, prone to clogging or dislodgement, and associated with 

prolonged catheter dependence. In addition, persistent pancreatic fistula burden and skin-site 

complications may complicate longer treatment courses. These limitations mean that PCD 

should not be viewed as a definitive answer in all cases, even when it is the most logical 

initial step. Failure of PCD is often less about the concept of drainage itself than about a 

mismatch between catheter-based treatment and disease morphology. Laterally extensive 

collections with significant solid debris, multiple undrained loculations, or persistent 

systemic sepsis despite technically adequate drainage are common scenarios in which 

escalation becomes necessary. Even so, one of the major strengths of PCD is precisely that 

it creates a bridge to further intervention. It may stabilize patients, reduce the inflammatory 

burden, and establish a tract for later retroperitoneal debridement if needed. Thus, its role 

within step-up treatment is not merely as a standalone modality, but as a highly flexible 

access strategy that can initiate staged source control in a wide range of anatomical 

settings[20,21]. 

 

The evidence base for PCD is strong in the context of step-up treatment and as an alternative 

to routine primary open surgery. Nonetheless, comparative interpretation requires caution 

because patients selected for PCD often differ anatomically and physiologically from those 

selected for endoscopic approaches. Its strengths are clearest in anatomically complex or 

lateral disease, but its outcomes cannot be generalized without reference to case mix and 

escalation strategy.  

 

Endoscopic drainage and necrosectomy: Advantages, anatomical requirements, and risks 

Endoscopic transluminal drainage, with or without subsequent endoscopic necrosectomy, has 

become a major component of modern SAP management, particularly in high-volume centers 

with advanced therapeutic endoscopy expertise. Its principal appeal lies in the possibility of 

achieving internal drainage and debridement through the stomach or duodenum without the 
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need for external drains or large incisions[22,23]. For centrally located collections that are 

mature and closely apposed to the gastrointestinal wall, this approach can offer a relatively 

direct, controlled, and repeatable route for source control. 

 

One of the major advantages of endoscopic management is that it integrates drainage and 

escalation within the same anatomical corridor. After creating transluminal access, clinicians 

may proceed from stent-based decompression to repeated necrosectomy sessions if residual 

solid necrosis continues to drive symptoms or sepsis. This internal pathway may reduce 

external fistula burden, improve patient comfort, and facilitate serial intervention without 

repeated percutaneous puncture or operative re-entry. In selected patients, particularly those 

with walled-off necrosis adjacent to the stomach or duodenum, endoscopic treatment may 

therefore represent a highly efficient step-up pathway[24-26]. 

 

Its limitations, however, are strongly anatomy-dependent. Endoscopic access requires close 

apposition between the gastrointestinal lumen and the target collection, and it is less suitable 

for extensive lateral extension, deep retroperitoneal spread, pelvic components, or disease 

distributed across multiple remote compartments[27,28]. Moreover, collections with very high 

solid debris burden may still require repeated necrosectomy sessions, which can be 

procedurally demanding and resource-intensive. Endoscopic treatment also depends heavily 

on local experience, not only for initial access but for timing, stent management, 

complication rescue, and repeated debridement planning. Risks include bleeding, perforation, 

stent-related adverse events, air embolic phenomena in rare cases, secondary infection, and 

procedural burden from repeated necrosectomy sessions. These risks do not negate its value, 

but they underline that endoscopic treatment is not a universally low-complexity solution. Its 

success depends on careful patient selection, mature collection formation, and the ability to 

manage complications promptly within an experienced multidisciplinary environment[29,30]. 

 

Within the step-up framework, endoscopic drainage is best viewed as a route-specific 

pathway rather than a universally preferred modality. It is especially compelling when 

anatomy is favorable and internal access can reasonably achieve both decompression and 

subsequent debridement if required. It is less compelling when anatomy is unfavorable or 
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when disease distribution exceeds what can be addressed through a transluminal corridor. 

The evidence supporting endoscopic management is increasingly strong, particularly for 

selected central walled-off collections, but interpretation remains limited by anatomy-driven 

selection bias and center-expertise effects. Accordingly, endoscopic superiority should not 

be assumed outside the contexts in which its access advantages are actually present. 

 

Laparoscopic necrosectomy: Where does it still fit? 

Laparoscopic necrosectomy occupies a more selective and somewhat less standardized role 

in contemporary SAP management. Compared with catheter-based, endoscopic, or 

retroperitoneal approaches, laparoscopy may offer broader operative visualization and the 

possibility of more deliberate debridement while still avoiding some of the morbidity 

associated with open laparotomy. In theory, it can serve as a minimally invasive surgical 

alternative when less invasive access routes are inadequate, inaccessible, or unlikely to 

provide effective source control[31,32]. 

 

Its potential advantages are most relevant in patients who require more active debridement 

than drainage can provide, but whose disease pattern still permits a minimally invasive 

operative approach. Laparoscopy may be considered in selected cases of localized necrosis, 

organized collections accessible from the lesser sac or adjacent spaces, or when other 

minimally invasive routes have failed to achieve adequate control. In experienced hands, it 

may allow irrigation, debridement, and strategic access under direct vision with less 

abdominal wall trauma than open surgery[33,34]. 

 

However, laparoscopy also has important limitations that have prevented it from becoming 

the dominant minimally invasive strategy in SAP. Necrotizing pancreatitis often presents 

with dense inflammation, friable tissues, distorted anatomy, bowel edema, and severe 

physiological instability, all of which may reduce the safety and practicality of laparoscopic 

manipulation. Access can be challenging, exposure may be incomplete, and the operative 

burden may still be considerable in patients with ongoing systemic illness. As a result, 

laparoscopy is often less attractive as an initial strategy than drainage-based or route-limited 

step-up approaches, which impose lower physiological stress and can be more easily repeated. 
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Another issue is that the evidence base for laparoscopic necrosectomy is less robust and less 

standardized than for step-up strategies built around PCD or endoscopic drainage. Much of 

the available literature consists of case series, selected-center experiences, or heterogeneous 

cohorts in which laparoscopy is used in carefully chosen patients. This makes generalization 

difficult. Accordingly, laparoscopic necrosectomy should probably be regarded not as a first-

line modality for most patients with necrotizing SAP, but as a selective option within the 

escalation spectrum when anatomy, expertise, and failure of less invasive methods make it 

reasonable[35].  

 

Retroperitoneal approaches: MARPN and VARD in the step-up pathway 

Retroperitoneal approaches, including minimally access retroperitoneal pancreatic 

necrosectomy (MARPN) and video-assisted retroperitoneal debridement (VARD), occupy 

an important intermediate position between catheter-based drainage and more invasive 

operative intervention. Their major value lies in allowing direct debridement of necrotic 

tissue through a limited retroperitoneal tract, often using a previously established 

percutaneous access route. In appropriately selected patients, these techniques preserve the 

step-up principle by escalating beyond drainage without reverting immediately to formal 

open necrosectomy[36,37]. 

 

The strengths of retroperitoneal approaches include more direct mechanical access to solid 

necrosis than drainage alone, compatibility with existing percutaneous tracts, and reduced 

surgical trauma compared with open necrosectomy. They may be especially useful when 

repeated catheter optimization has failed or when the burden of necrotic debris exceeds what 

can reasonably be managed by drainage alone. By maintaining treatment through a flank or 

retroperitoneal route, these approaches may also avoid contamination of the peritoneal cavity 

and limit the morbidity associated with transabdominal surgery[38,39]. 

 

Their limitations are primarily anatomical and technical. Retroperitoneal access is best suited 

to disease that can be reached through a safe flank corridor and may be much less effective 

for centrally located or widely distributed collections. Visualization and maneuverability are 

more limited than in open surgery, and multiple procedures may still be necessary. Bleeding, 
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incomplete debridement, injury to adjacent structures, and the need for repeated intervention 

remain important concerns. Moreover, successful performance of MARPN or VARD 

requires dedicated experience that is not uniformly available across centers. 

 

Within a step-up pathway, retroperitoneal approaches are best understood as escalation tools 

for a specific anatomical subset of SAP rather than as standalone competitors to all other 

modalities. Their greatest contribution is in anatomically favorable lateral or posterior disease 

after initial drainage has demonstrated the need for more definitive solid necrosis removal. 

The evidence supporting their use is strongest in this context, but direct comparisons with 

endoscopic pathways remain difficult because the underlying anatomy often differs 

substantially between treated populations. As such, their value is considerable, but it is 

inherently context-specific.  

 

Continuous regional arterial infusion: Adjunctive value and current limitations 

Continuous regional arterial infusion (CRAI) occupies a distinctly different position from the 

other modalities discussed above because it is not primarily a drainage or debridement 

technique. Rather, it has been explored as an adjunctive interventional strategy aimed at 

delivering therapeutic agents directly to the pancreatic arterial supply in an effort to attenuate 

local inflammation, infection-related progression, or tissue injury[40,41]. Its theoretical 

rationale has made it attractive in certain settings, particularly in East Asian practice patterns, 

but its role in contemporary SAP management remains controversial. 

 

The potential appeal of CRAI lies in its attempt to intervene earlier in the disease process 

without immediate mechanical entry into necrotic compartments. In theory, regional delivery 

of protease inhibitors, antibiotics, or other agents may help modify the local inflammatory 

environment, limit necrosis progression, or improve drug concentration in ischemic 

pancreatic tissue. This concept is particularly attractive in severe early disease, when patients 

may not yet have mature collections suitable for drainage but remain at high risk of 

deterioration. However, the clinical limitations of CRAI are substantial. First, its mechanism 

and therapeutic target differ fundamentally from the source-control logic that underpins 

drainage-based step-up strategies. Even if regional infusion modifies local inflammation, it 
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does not directly evacuate infected material, decompress collections, or remove solid 

necrosis. Second, the evidence supporting CRAI is less consistent, less internationally 

reproducible, and more context-specific than that supporting drainage, endoscopy, or 

retroperitoneal debridement. Third, CRAI requires specialized interventional capability and 

introduces catheter-related procedural risks without clearly established universal indications. 

 

For these reasons, CRAI is best understood as a possible adjunct rather than a core modality 

in the minimally invasive management of SAP. Its future relevance will depend on whether 

more standardized and reproducible evidence can clarify which patients, if any, derive 

consistent benefit beyond optimal modern supportive care and staged intervention. It reflects 

the broader ambition to intervene earlier and less invasively in severe disease, but it has not 

achieved the same level of evidentiary support or practical centrality as route-based 

minimally invasive source-control strategies.  

 

To move beyond a purely descriptive summary of techniques, the major minimally invasive 

modalities can be compared according to anatomical suitability, role within the step-up 

pathway, procedural strengths, limitations, and evidence boundaries [Table 1]. 

 

Timing of Intervention: Beyond the ‘four-week rule’ 

Timing remains one of the most consequential and most frequently debated aspects of 

minimally invasive intervention in SAP. Even when the indication for intervention is clear 

and the access route appears technically feasible, the question of when to act often determines 

whether the chosen strategy succeeds with limited morbidity or becomes complicated by 

bleeding, incomplete source control, repeated procedures, and worsening systemic instability. 

For this reason, timing should not be regarded as a secondary logistical consideration, but as 

a central determinant of therapeutic effectiveness.  

 

Why delayed intervention remains the default strategy 

Delayed intervention remains the preferred strategy in most patients with SAP because it 

generally improves both technical feasibility and clinical safety. As necrotic collections 

mature, they tend to develop clearer boundaries and a more organized wall, allowing 
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clinicians to identify a more discrete target for drainage or debridement. This maturation 

facilitates access planning, reduces the likelihood of entering poorly demarcated 

inflammatory tissue, and often improves the effectiveness of intervention by increasing the 

fluid component and reducing procedural trauma[9]. 

 

Table 1. Comparative characteristics of minimally invasive treatment modalities for 

severe acute pancreatitis. 

Modality Best 

anatomical/clinical 

scenario 

Primary role in 

the 

step-up 

pathway 

Major strengths Major limitations 

Percutaneous 

catheter 

drainage 

(PCD) 

Collections with a 

substantial liquid 

component; laterally 

located collections; 

deep retroperitoneal 

or paracolic 

extension; patients 

requiring urgent 

source control when 

endoscopic access is 

not feasible 

Preferred initial 

drainage 

modality in 

many step-up 

strategies 

Widely available; can 

be performed early 

when necessary; 

effective for sepsis 

control and 

decompression; useful 

bridge to retroperitoneal 

debridement 

Limited efficacy in 

collections with high 

solid necrotic burden; 

catheter malposition 

or insufficient 

drainage may lead to 

failure; often requires 

repeated upsizing or 

repositioning 

Endoscopic 

transluminal 

drainage ± 

endoscopic 

necrosectomy 

Centrally located 

walled-off necrosis 

adjacent to the 

stomach or 

duodenum; mature 

collections with a 

defined wall 

Initial drainage 

and/or 

escalation to 

necrosectomy in 

selected patients 

Internal drainage; 

avoids external fistula; 

less invasive than 

surgery; favorable 

outcomes in 

appropriately selected 

central WON 

Requires advanced 

expertise and 

specialized 

equipment; limited 

applicability in 

lateral/deep 

collections; bleeding 

risk; usually 
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Modality Best 

anatomical/clinical 

scenario 

Primary role in 

the 

step-up 

pathway 

Major strengths Major limitations 

unsuitable when 

access route is not 

apposed to the 

gastrointestinal lumen 

ERCP with 

sphincterotom

y/nasobiliary 

drainage 

Biliary SAP with 

cholangitis, persistent 

biliary obstruction, or 

urgent need for 

decompression 

Etiology-

directed adjunct 

rather than 

necrosis-

directed therapy 

Rapid biliary 

decompression; 

prevents ongoing 

biliary/pancreatic injury 

Not a primary 

treatment for 

pancreatic necrosis 

itself; procedure-

related pancreatitis 

and technical risks 

Laparoscopic 

pancreatic 

necrosectomy 

(LPN) 

Patients with 

significant solid 

necrotic burden or 

when direct 

debridement is 

needed and minimally 

invasive drainage 

alone is insufficient 

Escalation 

strategy after 

failure of 

drainage alone 

Direct visualization; 

more effective 

debridement of solid 

necrosis; less wound 

morbidity than open 

surgery 

More invasive than 

drainage/endoscopy; 

potential risk of 

contamination spread; 

requires surgical 

expertise 

Minimal 

access 

retroperitonea

l pancreatic 

necrosectomy 

(MARPN) 

Retroperitoneally 

accessible necrosis, 

especially left-sided 

collections after prior 

drainage or tract 

establishment 

Escalation 

option in 

retroperitoneal 

step-up 

pathways 

Avoids full laparotomy; 

allows staged 

necrosectomy; suitable 

for retroperitoneal 

disease 

Technically 

demanding; often 

requires multiple 

procedures and 

ongoing irrigation; 

limited by anatomical 

route 
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Modality Best 

anatomical/clinical 

scenario 

Primary role in 

the 

step-up 

pathway 

Major strengths Major limitations 

Video-

assisted 

retroperitonea

l debridement 

(VARD) 

Infected necrosis 

accessible through a 

retroperitoneal 

drainage tract, 

especially after failed 

PCD 

Classic 

escalation 

technique after 

drainage failure 

Familiar surgical 

visualization; effective 

for solid necrosis 

through existing tract; 

avoids formal 

laparotomy 

Timing of escalation 

remains controversial; 

risk of bleeding or 

injury; depends on 

tract maturity and 

experience 

Continuous 

regional 

arterial 

infusion 

(CRAI) 

Selected centers using 

adjunctive regional 

therapy, usually early 

in disease course or as 

supportive 

intervention in severe 

disease 

Adjunctive/strat

egic therapy 

rather than main 

interventional 

route 

Increases regional drug 

delivery; potential 

benefit in selected 

settings 

Limited availability; 

heterogeneous 

evidence base; 

catheter-related 

complications; not a 

definitive source-

control technique 

 

The benefits of postponement are not merely anatomical. Delay may also permit partial 

resolution of systemic inflammation, stabilization of organ function, correction of 

coagulopathy, optimization of nutrition, and more careful multidisciplinary planning[14,42]. In 

critically ill patients, this window can be clinically decisive. Rather than intervening during 

the peak of inflammatory instability, clinicians may be able to undertake drainage or 

debridement under more controlled conditions with lower cumulative morbidity. This is one 

of the main reasons why delayed management has become closely linked to the success of 

step-up strategies. Another important point is that time itself may be therapeutic in selected 

patients. Some patients with necrotic collections improve with intensive supportive care, 

antibiotics when appropriate, nutritional management, and close monitoring, without 

requiring immediate source-control procedures. In these individuals, early intervention 

would not only be unnecessary but potentially harmful. Thus, delayed intervention should 
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not be understood as passive waiting; it is an active strategy based on the recognition that the 

biological evolution of necrotizing pancreatitis may create a more favorable window for 

treatment. 

 

For these reasons, delay remains the default approach whenever the patient’s condition 

allows it. However, this principle is strongest when the patient is clinically stable enough to 

tolerate continued observation and when no urgent complication forces deviation from the 

preferred timing window. 

  

How timing should be individualized in real-world practice 

The main limitation of the traditional “four-week rule” is that it may encourage an overly 

rigid interpretation of what is actually a dynamic clinical process. While this rule captures 

the broad observation that collections become more amenable to intervention over time, it 

does not adequately reflect the biological variability of SAP. Some patients develop relatively 

well-organized collections earlier than expected, whereas others remain poor candidates for 

definitive intervention even after the nominal threshold has passed. Time alone therefore 

cannot substitute for individualized reassessment. 

 

In real-world practice, timing should be guided by the interaction of three domains: the 

patient’s systemic trajectory, the local anatomical target, and the feasibility of a low-trauma 

intervention. The systemic trajectory includes hemodynamics, organ function, inflammatory 

progression, infectious burden, nutritional tolerance, and overall clinical momentum. The 

anatomical target includes collection maturity, location, wall formation, internal debris 

burden, and whether meaningful access can be achieved through an appropriate route. 

Feasibility refers to whether intervention can be performed in a way that is likely to help 

more than harm, given the available expertise and expected need for repeated procedures[43].  

 

A practical way to approach timing is to treat chronological delay as a default preference, 

then adjust according to repeated bedside and imaging reassessment. This preserves the value 

of the delayed-intervention principle without converting it into a rule that overrides clinical 
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judgment. In this sense, optimal timing is individualized not because the evidence is weak, 

but because the disease itself is biologically heterogeneous.  

 

Reassessment after initial drainage: When is escalation justified? 

Timing does not stop being important once intervention has begun. After initial drainage, 

clinicians face a second timing question that is often just as difficult as the first: how long 

should one wait for drainage to work before deciding that escalation is necessary? This 

decision is central to the success of the step-up approach, yet it remains insufficiently 

standardized across the literature and across centers. 

 

The first principle is that radiographic persistence of necrotic material after drainage does 

not, by itself, justify escalation. Drainage is intended to improve clinical status, not 

necessarily to eliminate all visible necrosis immediately. Many patients continue to show 

substantial residual collections on imaging even as fever resolves, organ function stabilizes, 

and inflammatory markers improve. In such cases, continued drainage, catheter optimization, 

irrigation, or observation may be entirely appropriate. Escalation should be driven primarily 

by ongoing clinical failure rather than by incomplete radiographic clearance alone. Escalation 

becomes more justified when there is evidence that drainage is not achieving functional 

source control. Persistent sepsis, recurrent fever after transient improvement, ongoing or 

worsening organ dysfunction, uncontrolled pain, inability to tolerate enteral nutrition, 

unresolved mass effect, or repeated need for vasopressor or ventilatory support may all 

indicate that drainage alone is insufficient. Even then, the decision should not be automatic. 

Before proceeding to necrosectomy or more invasive debridement, clinicians should reassess 

whether the current drainage strategy has truly been optimized. Questions of catheter position, 

diameter, number of drains, irrigation adequacy, undrained compartments, and anatomical 

mismatching are often crucial. What appears to be “failure of drainage” may sometimes be 

failure of the specific drainage setup. 

 

The timing of escalation should therefore be understood as response-based rather than 

protocol-based. Some patients require relatively early progression because systemic 

instability persists despite technically adequate drainage. Others benefit from additional time 
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once catheter access has been optimized. This is one of the clearest areas in which expert 

multidisciplinary reassessment adds value, because the decision depends on integrating 

clinical evolution, repeat imaging, procedural feasibility, and route-specific possibilities for 

debridement. 

 

Ultimately, escalation is justified when three conditions are present: first, the patient 

continues to suffer clinically significant consequences of unresolved necrosis or infection; 

second, initial drainage has been optimized but remains insufficient; and third, a more 

invasive step is likely to address a residual burden that drainage alone cannot reasonably 

control. Framing escalation this way helps prevent both premature intervention and harmful 

delay, while preserving the adaptive logic of the step-up strategy.  

 

The role of multidisciplinary care in implementing individualized strategies 

A decision framework is only clinically meaningful if it can be translated into coordinated 

real-world care. In SAP, this translation is especially demanding because intervention is 

rarely a single isolated event. Patients often require dynamic reassessment, repeated imaging, 

serial procedures, organ support, nutritional management, anti-infective stewardship, and 

contingency planning for escalation or rescue. As a result, the success of minimally invasive 

treatment depends not only on technical route selection, but also on the capacity of the 

treating system to deliver staged, adaptive, and multidisciplinary care over time. This is 

particularly important in a field where no single minimally invasive pathway is universally 

optimal. Because route selection, timing, and escalation must all be individualized, the 

management of SAP is inherently collaborative. The value of multidisciplinary care lies not 

merely in assembling multiple specialists, but in integrating different perspectives into a 

coherent treatment pathway that can evolve with the patient’s condition. 

 

The management of SAP is highly complex and dynamic, involving rapid disease 

progression, multiple organ system involvement, and frequent changes in clinical status.  

Effective minimally invasive treatment therefore requires close collaboration among multiple 

disciplines rather than reliance on a single specialty[11,44]. MDT for SAP management 

typically includes specialists in intensive care medicine, gastroenterology, pancreatic 
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surgery, interventional radiology, infectious diseases, anesthesiology, and clinical nutrition. 

Each discipline plays a distinct yet complementary role throughout the disease course.  

Intensive care specialists are responsible for hemodynamic stabilization, respiratory support, 

renal replacement therapy, and overall organ function management[45]. Gastroenterologists 

contribute expertise in endoscopic diagnosis and intervention, particularly in biliary 

decompression, endoscopic drainage, and endoscopic necrosectomy. Pancreatic surgeons 

provide surgical judgment regarding escalation of intervention, selection of minimally 

invasive or open approaches, and management of procedure-related complications. 

Interventional radiologists are essential for image-guided percutaneous drainage, 

angiographic evaluation, and endovascular management of bleeding complications. 

Infectious disease specialists guide antimicrobial selection, duration of therapy, and 

surveillance for secondary infections. Anesthesiologists ensure procedural safety, especially 

in critically ill patients undergoing repeated interventions. Clinical nutrition specialists 

design and adjust enteral or parenteral nutritional strategies to support metabolic demands 

and promote recovery. MDT-based management allows comprehensive evaluation of disease 

severity, timely identification of complications, and rational selection of interventional 

modalities[46]. Through regular multidisciplinary discussions, treatment strategies can be 

dynamically adjusted according to changes in clinical condition and treatment response. This 

collaborative approach helps avoid premature or unnecessary invasive procedures while 

ensuring timely source control when indicated. Accumulating clinical evidence indicates that 

MDT management significantly improves outcomes in SAP patients. Compared with 

fragmented or single-discipline management, MDT-based care is associated with reduced 

mortality, lower rates of severe complications, shorter intensive care unit and hospital stay, 

and improved long-term quality of life. Accordingly, MDT collaboration has become a 

central component of modern SAP management and an essential safeguard for the successful 

implementation of minimally invasive treatment strategies[9,47]. 

 

CONCLUSION 

In conclusion, minimally invasive intervention has fundamentally reshaped the management 

of severe acute pancreatitis, but its value lies not simply in replacing open surgery with less 

invasive techniques. The more important challenge is to determine when to intervene, which 
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route to choose, and when escalation is justified in a disease characterized by substantial 

clinical and anatomical heterogeneity. Current evidence supports delayed and step-up 

strategies in many patients, yet does not establish a single universally optimal pathway for 

all cases. Rather, minimally invasive treatment in SAP should be guided by a balanced 

assessment of indication, urgency, collection maturity, anatomical accessibility, solid 

necrotic burden, response to initial drainage, and multidisciplinary expertise. Future progress 

in the field will depend on more anatomy-stratified comparative studies, standardized criteria 

for escalation, and better evaluation of long-term pancreatic function and quality of life. A 

more critical, evidence-based, and decision-oriented approach is therefore essential to further 

standardize and individualize minimally invasive management in SAP. 
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