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  Abstract 
Acute pancreatitis (AP) is one of the most frequent and potentially fatal gastroin-
testinal emergencies in the world, and its severe form (SAP) has been associated 
with high mortality rates of 20%-40%. Although there have been great strides in 
knowledge of pathophysiological processes and treatment technologies in the last 
ten years, SAP continues to be a significant clinical problem globally. This review 
critically reviews recent advances in the understanding of AP pathogenesis, bi-
omarkers of diagnosis, imaging assessment, therapeutic approaches, and manage-
ment of complications, focusing especially on acinar cell damage and abnormal 
proenzyme activation, inflammatory cascade responses and cytokine storm, micro-
circulatory disturbance and intestinal barrier dysfunction, and pancreatic necrosis 
infection as central pathological mechanisms. The article highlights the core prin-
ciple of personalized therapy, multidisciplinary team (MDT) cooperation, and min-
imally invasive interventional technology in enhancing patient care, and provides 
insight into the future research directions such as the creation of highly specific 
early warning biomarkers, optimization of step-up approach technical specifica-
tions, validation of clinical translation value of new therapeutic targets including 
inflammatory modulation and stem cell therapy, and development of big data-based 
prognostic prediction models, to give an exhaustive evidence-based guidance in 
clinical decision-making. 
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1. Introduction 

Acute pancreatitis is a common gastrointestinal emergency worldwide with a rising incidence. The mortality from 
AP is 5%, but rises to 20%-40% in severe acute pancreatitis (SAP) [1]. Recent insights into the pathophysiology and 
development of minimally invasive technologies have triggered a shift in management from open surgical techniques 
to “step-up” progressive minimally invasive strategies. 

2. Advances in Pathogenesis Research 

2.1 Acinar Cell Injury and Aberrant Proenzyme Activation 

The initiating event in AP involves premature activation of trypsinogen within pancreatic acinar cells. Upon exposure 
to stimuli such as alcohol, biliary calculi, or hyperlipidemia, cathepsin B mediates conversion of trypsinogen to active 
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trypsin, triggering downstream digestive enzyme cascades [2]. Recent investigations highlight the critical role of 
autophagic flux impairment in disrupting zymogen granule homeostasis [3]. 

2.2 Inflammatory Cascade and Systemic Inflammatory Response Syndrome 

Following acinar cell injury, damage-associated molecular patterns (DAMPs) trigger innate immune responses. In-
filtrating macrophages and neutrophils release pro-inflammatory cytokines (IL-1β, IL-6, TNF-α), generating a “cy-
tokine storm” [4]. Excessive neutrophil extracellular traps (NETs) amplify local inflammation and promote systemic 
inflammatory response syndrome (SIRS) [5]. A 2022 study elucidated NETs’ role in perpetuating pancreatic injury 
through NLRP3 inflammasome activation [6]. 

2.3 Microcirculatory Disturbance and Intestinal Barrier Failure 

Pancreatic microcirculatory disturbance represents a pivotal factor in AP progression. Capillary endothelial injury 
and ischemia-reperfusion damage compromise tissue perfusion. Intestinal barrier dysfunction precipitates bacterial 
translocation, with gut microbiota dysbiosis amplifying systemic infection risk [7]. A 2023 study demonstrated that 
intestinal permeability changes precede systemic infection, with zonulin and fatty acid-binding proteins serving as 
early predictive markers [8]. 

2.4 Pancreatic Necrosis and Infectious Complications 

Approximately 20%-30% of SAP patients develop pancreatic and peripancreatic necrosis. Secondary infection con-
stitutes the leading cause of late mortality, with fatality rates exceeding 30%. Microbial communities predominantly 
originate from Gram-negative enteric bacteria, with significant biofilm formation presenting challenges for antimi-
crobial therapy [9]. Recent metagenomic analyses reveal polymicrobial communities with increasing fungal involve-
ment, particularly in patients receiving prolonged antibiotics [10]. 

3. Disease Severity Assessment and Diagnosis 

3.1 Progress in Biomarker Research 

Serum amylase and lipase are still the basic diagnostic markers, but they have a limitation in evaluating severity. 
Procalcitonin (PCT) has a high predictive value of pancreatic necrosis infection [11]. The CRP levels (>150 mg/L at 
72 hours) show a tendency of severe disease. Red cell distribution width (RDW) >14.5% was a predictor of severe 
AP with pooled sensitivity of 0.78 and specificity of 0.72 [12]. In a study published in 2023, circulating miRNAs 
(miR-21, miR-155, miR-216b) showed better accuracy in predicting persistent organ failure [13]. 

3.2 The Imaging Evaluation Strategies Are Presented 

CT with contrast is the imaging standard, and the modified CT severity index (MCTSI) is an effective predictor of 
risk of complications. The Revised Atlanta Classification of 2012 was a refinement of terminology that differentiated 
between acute peripancreatic fluid collections and pancreatic pseudocysts, as well as acute necrotic collections and 
walled-off necrosis [14]. In 2023, an international working group suggested some updates on patterns of necrosis and 
their implications in prognosis [15]. MRI has exclusive benefits in describing necrotic tissue, and endoscopic ultra-
sound (EUS) directs minimally invasive drainage operations. 

3.3 Diagnosis with the Help of Artificial Intelligence 

Radiomics models based on deep learning have great potential in predicting AP prognosis. A study in 2024 validated 
the ability of AI algorithms to automatically detect necrotic areas on CT scans and predict the occurrence of persistent 
organ failure with high accuracy compared to traditional scoring methods [16]. Other studies show that natural lan-
guage processing can be used to classify severity automatically, as well as integrate multi-modal data [17]. 

4. Evolution and Optimization of Treatment Strategies 

4.1 Early Fluid Resuscitation Strategies 

Aggressive early fluid resuscitation remains fundamental, though excessive resuscitation may exacerbate tissue 
edema. Current recommendations advocate “goal-directed” fluid resuscitation using urine output, heart rate, blood 
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pressure, and serum lactate as targets. The 2022 WATERFALL trial demonstrated that moderate fluid resuscitation 
(10 mL/kg bolus followed by 1.5 mL/kg/h) was non-inferior to aggressive resuscitation regarding SIRS resolution, 
while significantly reducing fluid overload (6.3% vs. 20.5%) and respiratory complications [18]. 

4.2 Nutritional Support Therapy 

Enteral nutrition (EN) has established prominence in SAP management. Early EN (within 24-48 hours) maintains 
intestinal barrier function and reduces bacterial translocation. Nasojejunal tube feeding is preferred. When EN is 
unfeasible, parenteral nutrition should serve as supplementation. Immunonutrition formulations containing glutamine 
and ω-3 fatty acids may improve outcomes, though further evidence is needed [19]. 

4.3 Rational Antibiotic Application 

Prophylactic antibiotics do not reduce infection risk in sterile necrosis and may increase resistant bacterial and fungal 
infection rates [20]. Current guidelines do not recommend routine prophylactic antibiotics. For confirmed pancreatic 
necrosis infection, timely, adequate, and targeted antimicrobial therapy is crucial, with antifungal agents added when 
necessary. 

4.4 Endoscopic and Minimally Invasive Interventional Therapy 

For biliary pancreatitis with acute cholangitis or obstruction, early ERCP with sphincterotomy (within 24 hours) 
significantly reduces complications; without biliary obstruction, emergency ERCP provides no additional benefit [21]. 
The step-up approach is standard for infected pancreatic necrosis: initial percutaneous or endoscopic drainage, esca-
lating to minimally invasive debridement (VARD) if ineffective, with open surgery as final consideration. A 2010 
RCT confirmed the step-up approach reduced multiple organ failure and mortality compared with direct open surgery 
[22]. The TENSION trial demonstrated endoscopic step-up was non-inferior to surgical step-up regarding mortality 
and major complications, while reducing pancreatic fistula and hospital stay [23]. A 2024 review confirmed mini-
mally invasive approaches’ superiority across multiple outcomes [24]. 

4.5 Precision in Surgical Intervention 

Open surgery remains indispensable in specific scenarios. Early intervention (within 2 weeks) risks hemorrhage due 
to poorly demarcated necrosis and should generally be avoided. Intervention is recommended after 4 weeks when 
necrosis is encapsulated. Principles emphasize “debridement and drainage, infection control, and functional preser-
vation” [25]. 

5. Complication Management 

5.1 Organ Function Support 

SAP frequently complicates ARDS, acute kidney injury, and circulatory dysfunction. Lung-protective ventilation, 
continuous renal replacement therapy (CRRT), and rational vasoactive drugs constitute core support. CRRT clears 
inflammatory mediators, holding particular value in severe SIRS [26]. High-volume hemofiltration may provide ad-
ditional cytokine clearance benefits. 

5.2 Abdominal Compartment Syndrome 

When bladder pressure persists >20 mmHg with organ dysfunction, abdominal compartment syndrome is diagnosed. 
A 2023 consensus emphasizes percutaneous drainage as preferred minimally invasive decompression, with open de-
compression reserved as a last resort [27]. 

5.3 Hemorrhage and Gastrointestinal Fistulas 

Vascular interventional embolization serves as first-line treatment for arterial bleeding. Gastrointestinal fistulas re-
quire endoscopic, interventional, or surgical management based on location and output [28]. 

6. Emerging Therapeutic Targets and Future Directions 

6.1 Inflammatory Modulation Therapy 

A 2024 double-blind RCT reported that early administration of anakinra decreased the incidence of persistent organ 
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failure by 40% relative risk reduction (absolute decrease of 32 to 19) in predicted severe AP [29]. Phase 3 trials are 
ongoing to assess the best patient selection and combination strategies. 

6.2 Intestinal Microecological Intervention 

Fecal microbiota transplantation and probiotics show promise, but the 2008 PROPATRIA trial demonstrated higher 
mortality in the probiotic arm (16% vs. 6%) due to intestinal ischaemia [30]. Current research includes postbiotic 
products and bacteriophage therapy. 

6.3 Stem Cell and Regenerative Medicine 

A 2023 phase 1/2 trial demonstrated that umbilical cord-derived mesenchymal stem cells (1×10^6 cells/kg) adminis-
tered within 72 hours were safe and associated with reduced inflammatory markers and improved CT severity scores 
[31]. Exosome-based therapies are emerging as a cell-free alternative [32]. 

7. Multidisciplinary Team (MDT) Approach 

The MDT model incorporates gastroenterology, critical care, interventional radiology, surgery, and nutritional support, 
allowing the integrated management of early recognition-precision assessment-individualized treatment-comprehen-
sive management. The Chinese expert consensus of 2021 highlights that MDT must be throughout the entire SAP 
treatment process [33]. International guidelines also suggest an early multidisciplinary intervention in cases where 
severe cases are predicted [34]. 

8. Conclusions and Perspectives 

Significant progress in AP diagnosis and treatment reflects precision medicine principles. Future research should 
focus on: (1) developing highly specific early warning biomarkers; (2) optimizing step-up approach technical details; 
(3) validating clinical translation of emerging therapeutic targets; and (4) establishing big data-based prognostic pre-
diction models. 
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