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Background: This study aims to analyzing scientific publications related to necrotizing pancreatitis and its mortality, identifying key areas and trends, and determining the leading research institutions, authors, countries, and journals actively working in this field.

Methods: The Web of Science and Scopus databases were searched for articles on NP published between January 1, 2013, and April 22, 2024. Articles published before 2013, conference abstracts, and case reports were excluded. The articles were assessed based on various metrics, including the number of citations, publication dates, countries of origin, institutions, journals, and authors.

Results: A total of 929 articles were identified, of which 251 were deemed suitable for analysis after duplicates were removed. China contributed the most articles, followed by the United States and India. The most frequent publications appeared in specialized journals such as “Pancreatology” and “Journal of Gastrointestinal Surgery.” The primary research institutions were universities and medical centers. The highest-impact articles focused on minimally invasive treatment methods for NP. There has been a growing body of research in NP over the past decade, particularly in China and the United States.

Conclusion: Despite advancements in medical science, the mortality rate associated with pancreatic necrosis remains high. This highlights the continued challenge in effectively addressing complications of acute pancreatitis. Researchers worldwide are actively exploring alternative therapeutic approaches to mitigate these complications and improve patient outcomes.
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1 Introduction

Acute pancreatitis (AP) is a widespread condition affecting the pancreas and is the primary cause of hospitalization in surgical wards among gastrointestinal diseases (1). According to a systematic review and meta-analysis by Iannuzzi et al. (2) the incidence of acute pancreatitis has been increasing annually from 1961 to 2016. The overall incidence has risen by 3.07% per year. This trend has been observed in most regions worldwide, including North America, Europe, South America, and Oceania, while in Asia, the rates have remained relatively stable (2).

Zilio et al. (3) conducted a comprehensive analysis of publications to identify the etiology of acute pancreatitis (AP), including data from 46 studies involving a total of 2,341,007 patients across 36 countries. The global estimates for the distribution of etiologies were 42% (95% CI: 39–44%) for biliary, 21% (95% CI: 17–25%) for alcoholic, and 18% (95% CI: 15–22%) for idiopathic (3). Less commonly, these include tumors, trauma, hypertriglyceridemia, and the use of certain medications, such as azathioprine, furosemide, and corticosteroids (4, 5). Additionally, AP can develop as a result of iatrogenic injuries, particularly following endoscopic retrograde cholangiopancreatography or surgical procedures (6).

Approximately 80% of acute pancreatitis (AP) cases present in a mild edematous form, while around 20% progress to severe or complicated pancreatitis, which is characterized by early or delayed systemic and local complications (7). In severe cases, up to 10.5% may require surgical intervention, and up to 40% may die during hospitalization (8). Overall, mortality in severe AP can reach 50%, contrasting with an overall mortality rate of 2–5% for all forms of AP (9). This increased risk of mortality and complications is often associated with the development of pancreatic necrosis, which is frequently accompanied by infectious complications (10, 11). Mortality rates in these cases can range from 15 to 39% (12). Specifically, in North America and Europe, the mortality rates vary between 18 and 20% (13), while in China, they range from 8 to 39% (14, 15) and in Japan, the rates fluctuate between 10 and 26% (16). Pancreatic necrosis may involve the pancreatic parenchyma, the peripancreatic tissues, or both regions simultaneously (17).

Surgical intervention is usually required for the management of infected pancreatic necrosis (18), and, less frequently, for sterile necrosis when it leads to gastric, duodenal, or biliary obstruction (12, 19). For many years, open surgical necrosectomy was the standard treatment for infected necrotizing pancreatitis, despite its high complication rate and significant mortality (18). However, in the past two decades, there has been a shift toward minimally invasive techniques, such as percutaneous abscess drainage, endoscopic transgastric necrosectomy (ETN), laparoscopy, and video-assisted retroperitoneal debridement (VARD) (20). Mehta et al. (20) and van Baal et al. (21), in their study, highlight the significance of percutaneous drainage as a primary method for effectively eliminating abscesses and minimizing the need for open surgical interventions (20, 21). Similarly, Tan et al. (22) and Mathew et al. (23) explore laparoscopic necrosectomy, which offers significant advantages by minimizing tissue trauma. Additionally, Revoredo Rego et al. (24) investigate VARD a technique that ensures precise access to necrotic tissue while reducing the invasiveness of the procedure (24). Moreover, Bakker et al. (25) compare ETN with conventional surgical necrosectomy. Collectively, these studies highlight the efficacy of minimally invasive techniques in enhancing clinical outcomes, reducing hospitalization duration, and promoting faster recovery.

In recent years, the focus of bibliometric research has shifted significantly toward the study of minimally invasive surgery, pancreatic cystic disease, and oncological interventions, which have emerged as dominant topics in scientific publications (26–28). Acute pancreatitis has also become a focus of attention among researchers. Bibliometric analyses in this field have predominantly utilized the Web of Science (WoS) database and CiteSpace software to identify trends and patterns (29, 30). To broaden the scope and ensure a more thorough evaluation, our study includes both the WoS and Scopus databases, we employed RStudio for advanced data processing and visualization. To fill the gap in the existing literature, we conducted a bibliometric analysis aimed at analyzing scientific publications related to necrotizing pancreatitis and its mortality, identifying key areas and trends, and determining the leading research institutions, authors, countries, and journals actively working in this field.



2 Materials and methods


2.1 Search strategy and data collection

The literature search was conducted in two databases, Web of Science and Scopus, covering the period from January 1, 2013, to April 22, 2024. Research articles written in English were selected. Case reports, conference abstracts, and editorial materials were excluded from the analysis. A combination of keywords (“necrotizing pancreatitis” and “mortality”) and their synonyms were used, employing Boolean operators (AND, OR). Information regarding authors, titles, sources, sponsors, abstracts, document types, cited references, and keywords was retrieved in txt format for Web of Science and in BibTeX format for Scopus for further analysis. The obtained data were merged using RStudio. The result was a single file in xlsx format. The detailed search strategy is demonstrated in Figure 1.
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FIGURE 1
 Article selection flowchart.




2.2 Study selection and data extraction

The titles, abstracts, and full texts of the articles were thoroughly reviewed by two authors (GGG and MKJ) to determine their relevance to the objectives of the study. In case of disagreements, a third author was consulted to help resolve any discrepancies.



2.3 Visualization and statistical tools

Data processing and analysis were performed using the Bibliometrix package (version 3.2.11) in the RStudio environment (version 4.1.2). The Biblioshiny web interface allowed for the creation of various visualizations, bibliometric mapping, and statistical calculations.




3 Results


3.1 Summary of the papers

This bibliometric analysis includes 251 documents from 121 journals over the period from 2013 to 2024 (Figure 2). The mean age of the documents was 5.16 years, with an average citation count of 21.42 per document. Among the 2,082 authors, only 3 produced a document independently, while the mean number of co-authors per document was 11.8. A total of 1,838 keywords were identified, with 439 occurring most frequently. The analysis also revealed an annual growth rate of −8.23%.
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FIGURE 2
 Main information on the bibliometric analysis of publications on necrotizing pancreatitis.




3.2 Annual analysis of publication

The annual scientific publication trends, shown in Figure 3, indicate fluctuations from 2013 to 2024. From 2013 to 2017, the number of publications remained relatively stable with minor variations. However, from 2018 to 2021, a noticeable increase occurred, peaking in 2020 with 33 articles. A slight decrease in publications was observed in 2023, with 23 articles published.
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FIGURE 3
 Annual scientific production.




3.3 The most productive country

The global research landscape on necrotizing pancreatitis (NP) spans 35 countries, with the most prolific contributors being China (62 publications), the United States (45 publications), and India (27 publications). Additionally, the United States, Germany, and Spain are involved in international collaborations (Figure 4A). Notably, China and the United States have demonstrated the most substantial growth in publication output, with their contributions increasing from 3 and 1 in 2013 to 74 and 77 in 2024, respectively (Figure 4B). Other countries, such as Germany, Japan, and India, have shown steady growth, while Spain experienced a significant surge in publications from 2018, peaking in 2020. The United States and the Netherlands lead in citations with 1,522 and 1,112, respectively, followed by China and India with 800 and 285 citations, respectively (Figure 4C).
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FIGURE 4
 Scientific collaborations within countries and international scientific research projects. SCP, Single country publications; MCP, Multiple country publications (A), countries’ production over time (B), top 10 most cited countries (C).




3.4 Core journals and references

The largest number of articles on necrotizing pancreatitis was published in Pancreatology (24 articles), followed by the Journal of Gastrointestinal Surgery (13 articles) and Pancreas (11 articles) (Table 1). The journal with the highest total citation count was Annals of Surgery, with 500 citations, a CiteScore of 16.2, and classification in the Q1 JCR category. Pancreatology ranked second in total citations (424), with a CiteScore of 6.6, and is categorized in Q2. The Journal of Gastrointestinal Surgery and Pancreas are also positioned in the first and second quartiles, respectively, and demonstrate high citation rates and impact indexes. Conversely, journals such as the American Surgeon and the ANZ Journal of Surgery have lower citation metrics and are classified in Q3.



TABLE 1 Top 10 journals with the most citied articles.
[image: Table1]

Table 2 highlights 10 notable scientific articles published across various journals, detailing their DOI, total citations, average citations per year, and normalized citation counts. The article by Van Brunschot et al. (31) in Lancet recorded the highest total citations (466) and a normalized citation count of 10.35. Additionally, the article by Baron et al. (32) in Gastroenterology achieved the highest average citations per year (78.60) and a normalized citation count of 15.93. Other significant contributions include works by Trikudanathan et al. (45, 46), which also demonstrated high citation rates.



TABLE 2 Top 10 most cited articles.
[image: Table2]



3.5 The most productive institutions and authors

Table 3 highlights the 10 most productive institutions contributing to research on necrotizing pancreatitis. Topping the list is the Postgraduate Institute of Medical Education and Research in India, with 25 publications (9.96%), followed by the University of Amsterdam in the Netherlands (23 publications, 9.16%) and Central South University in China (19 publications, 7.57%). Notably, five of these institutions are located in the Netherlands, while three are based in China.



TABLE 3 List of universities and medical institutions by the number of publications in the field of NP research.
[image: Table3]

Figure 5A illustrates the most prolific authors in the field, with Besselink M., Li J., and Li W. leading with 13 publications each. They are closely followed by Tong Z., Van S.H., and Zhou J., each contributing 12 publications. Notably, Besselink M. and Bollen T. are notable for their frequent collaborations and high citation counts, particularly in 2018. Gupta P. displayed significant citation activity in 2018 and 2020 but saw a decline by 2022. Conversely, Ke L. reached a peak citation index in 2022, despite low citation counts in 2015 and 2021. Meanwhile, authors Li J., Li W., and Tong Z. exhibit varying citation patterns across years, indicating differences in the temporal impact of their work (Figure 5B).

[image: Figure 5]

FIGURE 5
 Top 10 most productive authors (A), authors’ production over time (B).


Figure 6 illustrates a co-authorship and co-citation network based on cluster analysis. The network is divided into four distinct clusters, differentiated by node color. The red cluster features authors such as Besselink M., Boermeester M., and Bollen T., who are tightly interconnected, indicating strong collaborative ties and a high degree of co-authorship within their research area. The blue cluster, dominated by authors like Ke L., Zhou J., Tong Z., and Li W., primarily from Chinese institutions, exhibits dense connections, signifying frequent and robust collaborations. This cluster demonstrates the most significant internal cohesion, as reflected by the thick lines connecting its members. The purple cluster includes authors such as Hu W. and Guo Q., who display notable connections within the group. While this cluster is smaller and less dense than the red and blue clusters, it highlights a cohesive network among its members. Finally, the green cluster consists of authors like Gupta P., Kochhar R., and Samanta, who maintain consistent connections with one another. This cluster represents a distinct group of researchers with aligned thematic interests and a moderate level of collaborative activity.

[image: Figure 6]

FIGURE 6
 Analysis of co-citation patterns of authors in studies of necrotizing pancreatitis.




3.6 Authors keywords

The analysis of frequently occurring keywords reveals the primary research foci in the field of necrotizing pancreatitis. The terms “acute pancreatitis” (70 mentions), “infected pancreatic necrosis” (52 mentions), and “necrotizing pancreatitis” (38 mentions) predominate, indicating a concentrated focus on the severe forms of the disease. Additionally, keywords such as “mortality” (28 mentions) and “necrosectomy” (25 mentions) emphasize the significant role of surgical interventions in managing complications associated with necrotizing pancreatitis. Moreover, minimally invasive techniques, such as “percutaneous catheter drainage” (22 mentions), alongside the management of systemic complications, notably “organ failure” (16 mentions), are identified as critical areas of focus within both clinical applications and ongoing research efforts (Figure 7A).
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FIGURE 7
 Tree map about frequency of mention of various terms and keywords (A), thematic keyword map (B).


Figure 7B presents a clustering of key terms related to necrotizing pancreatitis (NP), based on their relevance and level of development. In the “Emerging or Declining Themes” cluster, terms such as organ failure, necrotizing pancreatitis, and management are characterized by low relevance and development, indicating either the early stages of research or decreasing relevance. The “Niche Themes” cluster includes terms like guidelines and classification, which, despite having a high level of development, have low relevance, suggesting their specialized nature. In the “Basic Themes” cluster, terms such as mortality, drainage, and necrosectomy exhibit high relevance but require further research, indicating they are underdeveloped. The “Motor Themes” cluster, which includes terms like treatment outcomes, procedures, prognosis, and C-reactive protein, shows both high relevance and development, emphasizing their central role and well-established research foundation in NP.




4 Discussion

The findings of this bibliometric analysis highlight the growing global interest in pancreatic necrosis and associated mortality over the past decade. From 2013 to 2024, there has been a notable increase in the volume of scientific publications on this topic, with a particularly significant growth observed in the last 5 years. This trend underscores the rising recognition of pancreatic necrosis as a critical medical issue, driving extensive research efforts to improve understanding, management, and outcomes. A slight decline in publications in 2023 may be attributed to the reallocation of research funding to other areas, particularly those more directly associated with the pandemic, potentially influencing the volume of publications in subsequent years. By identifying the most productive countries, authors, and institutions, as well as high-impact journals and commonly used keywords, this analysis provides valuable insights into the global research landscape and highlights the collaborative nature of advancements in this field.

Guo Qiang et al. conducted a study revealing that patients with necrotic pancreatitis had a higher mortality rate compared to those with sterile necrosis (33). The primary predictors of mortality identified in the study included bacteremia, advanced age, persistent organ failure during the first week, and pancreatic necrosis. Therefore, a significant portion of the publications analyzed in this study focused on treatment strategies for pancreatic necrosis, with a marked emphasis on minimally invasive approaches. Sandra van Brunschot’s research highlighted that although the endoscopic step-up approach did not surpass the surgical step-up approach in reducing severe complications or mortality in patients with infected necrotizing pancreatitis, it demonstrated advantages such as a reduced incidence of pancreatic fistulas and shorter hospital stays (31). These findings suggest the potential for a paradigm shift toward the endoscopic step-up approach as the preferred treatment method. Similarly, Ji Young Bang’s study reinforced these advantages, finding no significant differences in mortality between the approaches (34). However, patients in the endoscopic group experienced fewer severe complications, no cases of enterocutaneous or pancreatic-cutaneous fistulas, better physical health and quality of life outcomes at 3 months, and significantly lower costs ($75,830 compared to $117,492 for surgical intervention). These findings align with the evidence reviewed by Todd H. Baron in the American Gastroenterological Association (AGA) Institute Clinical Practice Update, which emphasized the importance of individualized and evidence-based management in optimizing outcomes and reducing morbidity in pancreatic necrosis (32). The comprehensive review, commissioned and approved by the AGA Institute Clinical Practice Updates Committee and the AGA Governing Board, was based on 15 best practice recommendations developed by experts in the field. These recommendations integrate insights from key studies and the extensive clinical experience of authors, including leading endoscopists and hepatopancreatobiliary surgeons, to provide guidance for effective management of this challenging condition.

Leading journals that cover a broad spectrum of topics, such as surgery and gastroenterology, have contributed significantly to the research on pancreatic necrosis. Additionally, most of the journals cited in the primary sources were highly influential, falling within the top quartiles (Q1 and Q2). The choice of high-impact, peer-reviewed journals is essential for ensuring the reliability of scientific findings, thus enhancing the quality of the evidence (35). This is particularly crucial, as policymakers and healthcare providers often base their decisions on robust, high-quality evidence (36). Authors consider several factors when choosing a journal for submission, including its impact factor, JCR ranking, open access options, indexing in major databases, and the associated publication fees (37).

In our study, China emerged as the most productive country in the field of pancreatic necrosis research, which aligns with the findings of other bibliometric analyses (29). Furthermore, among the four identified clusters of collaboration networks, the strongest and most prominent was the cluster formed predominantly by Chinese authors. This prominence may be attributed to the stable incidence rate and the high mortality associated with pancreatic necrosis in China, which likely motivated a focused national response to tackle this pressing healthcare issue (2, 14, 15). The strong collaborative efforts within this cluster highlight significant investments in research infrastructure, funding, and the prioritization of healthcare-related studies in the country (38, 39). Another contributing factor is the involvement of the Chinese Acute Pancreatitis Clinical Trials Group (CAPCTG) and the Chinese Critical Care Nutrition Trials Group (CCCNTG) in international randomized controlled trials. This marks a significant step toward integrating into the global research community and enhancing international collaboration in the field (40). Furthermore, China’s leadership in pancreatic necrosis research can be attributed to its strong focus on fostering innovation and creating an enabling environment for scientific advancement. The government prioritizes increased investments in educational funds to develop innovative talent and support the growth of research organizations. Additionally, legislative reforms have been introduced to strengthen intellectual property protection and combat rights violations, ensuring the rights and interests of researchers and stakeholders are safeguarded (41).

Among all universities, Netherlands institutions have proven to be the most prominent, with the University of Amsterdam standing out as a leader. One of the studies conducted by their research group focuses on clinical symptoms and treatment approaches, specifically Indication and timing for intervention, and is published in the high-impact journal The Lancet (42). Additionally, a multicenter randomized superiority trial was carried out involving patients with infected necrotizing pancreatitis. This trial compared the effects of immediate drainage within 24 h and delayed drainage after the formation of walled-off necrosis. The findings revealed that delayed drainage offered advantages in terms of reduced complication rates and fewer invasive interventions (43). Furthermore, in collaboration with experts specializing in minimally invasive surgery from America, Europe, and Oceania, they played a crucial role in the development of the guidelines for robotic pancreatic surgery (44). Notably, researchers from this university form the largest collaboration cluster (red cluster) dedicated to addressing issues related to pancreatic necrosis and are part of the Dutch Pancreatitis Study Group.

Furthermore, а key factor in the success of the Netherlands in the field of pancreatic necrosis research is the strong national collaboration between hospitals and universities, spanning a wide range of disciplines including surgery, gastroenterology, epidemiology, biostatistics, and radiology. This collaborative framework has facilitated the country’s leadership in citation counts within this area. For instance, in the study by Olaf Bakker et al., five prominent Netherlands institutions played a pivotal role in comparing the efficacy of endoscopic and surgical necrosectomy in patients with infected necrotizing pancreatitis (25). This collaborative effort underscores the importance of national partnerships between leading healthcare institutions and academic centers in achieving exceptional clinical outcomes. Moreover, it highlights the significant impact of such interdisciplinary cooperation in advancing medical research and treatment strategies for complex conditions like pancreatic necrosis.

In the conducted analysis, the most frequent key terms were related to acute pancreatitis, pancreatic necrosis, necrosectomy, and mortality. These terms highlight significant areas of research focused on the pathogenesis, treatment, and outcomes of pancreatic diseases. Although significant progress has been made in the diagnosis and treatment of acute pancreatitis, pancreatic necrosis continues to pose a major challenge due to its association with a high mortality rate (9) and requires further investigation into timely diagnosis, optimization of treatment (32), and the exploration of novel interventions such as surgical and endoscopic necrosectomy (31). The high mortality rate from infected pancreatic necrosis continues to be a pressing concern, emphasizing the need for alternative treatment methods and the development of more accurate predictive models to improve clinical outcomes.



5 Conclusion

In this bibliometric analysis, we aimed to systematically review and evaluate the global literature on the topic of mortality due to pancreatic necrosis. The analysis of the publications enabled us to identify key research trends and directions in the study of this condition. Despite advancements in medical science, the mortality rate associated with pancreatic necrosis remains high. This highlights the continued challenge in effectively addressing complications of acute pancreatitis. Researchers worldwide are actively exploring alternative therapeutic approaches to mitigate these complications and improve patient outcomes. Thus, while progress has been made, there is an ongoing need for innovative treatment strategies to further reduce the morbidity and mortality linked to this severe condition.
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