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Abstract: Aim: This study aims to analyze the structure of the co-authorship network in Budd-Chiari syndrome 

(BCS) research from 2000 to 2023 using data from the Web of Science (WoS) Core Collection. The objective is to 

identify key researchers, evaluate the collaborative dynamics, and understand the evolution of scientific 

contributions in this field. Method: This study utilized network analysis techniques to evaluate 2,877 

publications related to BCS research indexed in the WoS Core Collection between 2000 and 2023. The analysis 

was conducted using Python (Version 3.10.5) in the PyCharm development environment (Software Version 

2022.1.3). The co-authorship networks were assessed using macro-level indicators such as network density (the 

ratio of actual to possible connections), clustering coefficient (degree of node clustering), number of 

components (distinct connected subgroups), and average path length (average distance between nodes). Micro-

level indicators including degree centrality (importance based on the number of connections), closeness 

centrality (proximity to other nodes), and betweenness centrality (frequency of a node on the shortest paths 

between others) were also analyzed. Result: The results revealed a highly fragmented network structure in the 

early years (2000-2009), characterized by low network density (0.0017) and a large number of disconnected 

components (533). Key researchers such as Aurelie Plessier and Dominique Valla emerged as central figures in 

terms of degree and closeness centrality. In the 2010-2019 period, the network showed slight improvements, 

with density decreasing to 0.0016 but an increase in the number of components to 645, indicating persistent 

fragmentation. From 2020 to 2023, the network demonstrated increased cohesiveness with a density of 0.0032 

and a reduction in components to 376. Influential researchers in the final period included Virginia Hernandez-

Gea and Valerie Paradis, who played pivotal roles in connecting disparate research clusters. Conclusion: The 

co-authorship network analysis of BCS research over the past two decades highlights a gradual yet incomplete 

evolution towards greater collaboration and integration among researchers. While the network’s cohesiveness 

has improved, significant fragmentation remains, suggesting that further efforts are needed to enhance global 

and interdisciplinary collaboration. Addressing these challenges is crucial for fostering a more connected and 

productive research community that can advance the understanding and management of BCS. 

Keywords: gastroenterology; budd-chiari syndrome; co-authorship network analysis; network 

analysis; research collaboration; research trend analysis; research trends; key researchers; research 

strategies; internal medicine; planning future collaborative studies 

 

Introduction 

Background and Objectives 

Budd-Chiari syndrome (BCS) is a rare but serious condition characterized by obstruction of the 

hepatic veins, leading to liver congestion, portal hypertension, and potentially life-threatening 

complications. The syndrome poses significant diagnostic and therapeutic challenges due to its 

varied etiologies, including thrombosis, malignancy, and other hematological disorders [1]. Globally, 

BCS is a major concern in both developed and developing regions, with variations in prevalence and 
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etiology observed across different populations. In Western countries, BCS is often associated with 

myeloproliferative disorders [2,3], whereas in Asia, particularly in countries like India and China, the 

condition is frequently linked to inferior vena cava obstruction [4]. In Japan, BCS is designated as an 

intractable disease, reflecting the need for specialized care and a comprehensive understanding of its 

clinical management. 

Despite advancements in diagnostic techniques and therapeutic interventions, the management 

of BCS remains complex, with substantial variability in clinical outcomes. The rarity of the syndrome 

and the need for specialized expertise highlight the importance of international collaboration and 

knowledge sharing among researchers. Co-authorship network analysis serves as a powerful tool to 

uncover the structure of scientific collaboration, identifying key contributors, research hubs, and the 

evolution of research networks over time. By analyzing co-authorship networks, this study aims to 

elucidate the patterns of collaboration among researchers in the BCS field, offering insights into how 

scientific contributions have shaped the understanding and management of this condition from 2000 

to 2023. 

Scope of the Study 

This study examines publications related to BCS research indexed in the Web of Science (WoS) 

Core Collection database between 2000 and 2023. A total of 2,877 articles were selected for analysis, 

providing a comprehensive overview of the collaborative landscape within this specialized field over 

the past two decades. The dataset ensures the inclusion of the most recent publications (as of 

September 2024). The analysis will focus on constructing and evaluating co-authorship networks 

using macro-level indicators such as network density (the ratio of actual to possible connections), 

clustering coefficient (the degree to which nodes tend to cluster together), number of components 

(distinct connected subgroups within the network), and average path length (the average distance 

between nodes). At the micro-level, I will assess degree centrality (the number of direct connections 

each node has), closeness centrality (how close a node is to all other nodes), and betweenness 

centrality (the extent to which a node lies on the shortest path between other nodes). These metrics 

will help illuminate the structure and dynamics of researcher collaborations in this field. 

Significance of the Study 

This study holds significant value in the context of BCS research by offering a detailed 

exploration of the collaborative landscape within this field. Identifying major researchers and 

institutions involved in BCS research can help highlight leading contributors and emerging leaders. 

Furthermore, evaluating the progression of international collaborative research and its impact is 

essential for understanding how global partnerships contribute to advancements in this area. The 

analysis of network structures and their evolution over time can reveal critical trends, such as shifts 

in research focus or the emergence of new collaborative clusters. 

By providing a clear picture of the current state of research and collaboration in BCS, this study 

not only enhances our understanding of existing networks but also sheds light on future directions 

and potential areas for new partnerships. The findings underscore the importance of international 

collaboration in addressing the complex challenges associated with BCS, highlighting the role of 

network analysis as a powerful tool for guiding future research strategies and fostering global 

cooperation. 

Material and Methods 

The present study investigates the co-authorship patterns in BCS research papers. I utilized the 

WoS Core Collection database, conducting a “Topic Search” with the keyword “Budd-Chiari 

syndrome” to analyze a total of 2,877 articles published between 2000 and 2023 (as of September 

2024). In this analysis, I examined who collaborated with whom in co-authoring these papers. I 

conducted network analysis using the Python programming language (version 3.10.5) within the 

integrated development environment (IDE) PyCharm (software version 2022.1.3). This study 
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employed methodology-established principles of social network analysis [5]. I carried out the 

analysis in two main parts: 

Macro-level Metrics: 

Network Density: Calculated as the ratio of the number of edges to the maximum possible edges 

Between all nodes. 

Clustering Coefficient: Measured the extent to which nodes form clusters by considering the 

number of edges among neighboring nodes and calculating the average. 

Components: Identified and counted the number of subgraphs (components) where nodes are 

mutually connected. 

Average Path Length: Evaluated the average “distance” between nodes by calculating the overall 

average path length in the network [6]. 

Micro-level Metrics: 

Degree Centrality: Measured the importance of each node by counting the number of edges it has 

in the network. 

Closeness Centrality: Defined as the inverse of the sum of the shortest path lengths from a node 

to all other nodes, measuring how close each node is to others in the network. 

Betweenness Centrality: Assessed the extent to which a node lies on the shortest paths between 

other nodes, indicating its importance in information transmission within the network [6,7]. 

The significance of these macro-level metrics in understanding the structure of scientific 

collaboration networks and these micro-level centrality measures in scientific collaboration networks 

has been well documented and used [6,7]. Through these analyses, I can identify collaborative 

relationships and influential researchers in BCS research. This information may be useful for 

understanding research trends and planning future collaborative studies. 

Results 

The study analyzed the co-authorship network of researchers in BCS research, focusing on the 

periods from 2000 to 2023. The analysis was conducted using data from the WoS Core Collection and 

utilized both macro and micro-level network metrics to understand the evolution of collaborative 

networks in this field. 

2000-2009. Network Analysis 

During the 2000–2009 period, the co-authorship network for BCS research included a sparse and 

highly fragmented structure with a network density of 0.0017 (Table 1), indicating that only 0.17% of 

all possible connections between authors were realized (Figure 1). The average clustering coefficient 

was notably high at 0.926 (Table 1), suggesting that when co-authorship occurred, it often formed 

tightly knit groups (Figure 1). However, the network consisted of 533 components (Table 1), reflecting 

many disconnected groups of researchers (Figure 1). The average distance between nodes was 

infinite, highlighting the lack of a giant component that could connect most of the authors [8]. 
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Figure 1. Top 20 Budd-Chiari Syndrome Researcher Network from 2000 to 2009. 

Table 1. Network Metrics. 

Metric 2000 - 2009 2010 - 2019 2020 - 2023 

Network Density 0.0017  0.0016  0.0032  

Average Clustering 

Coefficient 
0.926  0.928  0.946  

Number of 

Components 
533 645 376 

Average Distance infinite infinite infinite 

At the micro level, the analysis of degree centrality identified Aurelie Plessier (0.0250), 

Dominique Valla (0.0207), and Harry L. A. Janssen (0.0175) as the top contributors by co-authorship 

frequency, indicating their central roles in BCS research during this period (Table 2). For closeness 

centrality, which measures how quickly a researcher can connect to others in the network, G. Mentha 

(0.0293), HLA Janssen (0.0287), and Massimo Primignani (0.0287) were prominent (Table 3). 

Betweenness centrality, which measures a node’s role in connecting different parts of the network, 
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was led by G. Mentha (0.0027), G. Barosi (0.0026), and M. Primignani (0.0025), suggesting their 

influence in bridging otherwise disconnected groups (Table 4). 

Table 2. Top 20 Nodes by Degree Centrality. 

No

de 2000 - 2009 

Degree 

Centrality 2010 - 2019 

Degree 

Centrality 2020 - 2023 

Degree 

Centrality 

1 

Plessier, 

Aurelie 0.0250  Plessier, Aurelie 0.0349  

Hernandez-

Gea, Virginia 0.0300  

2 

Valla, 

Dominique 0.0207  

Valla, 

Dominique 0.0281  

Plessier, 

Aurelie 0.0254  

3 

Janssen, Harry 

L. A. 0.0175  Trebicka, Jonel 0.0167  Shukla, Akash 0.0245  

4 

Murad, Sarwa 

Darwish 0.0171  Qi, Xingshun 0.0163  Shalimar 0.0220  

5 Plessier, A. 0.0166  

Primignani, 

Massimo 0.0153  Baiges, Anna 0.0201  

6 

Primignani, 

Massimo 0.0149  Goria, Odile 0.0129  

Han, 

Guohong 0.0198  

7 Valla, D 0.0147  

Rautou, Pierre-

Emmanuel 0.0128  

Murad, S. 

Darwish 0.0186  

8 

Cazals-Hatem, 

Dominique 0.0130  Xu, Hao 0.0128  Magaz, Marta 0.0183  

9 

Raffa, 

Sebastian 0.0127  Shukla, Akash 0.0126  Olivas, Pol 0.0183  

10 

Valla, 

Dominique C. 0.0125  Turon, Fanny 0.0124  Turon, Fanny 0.0183  

11 

Condat, 

Bertrand 0.0120  Han, Guohong 0.0123  

Payance, 

Audrey 0.0180  

12 

Garcia-Pagan, 

Juan-Carlos 0.0118  

Carlos Garcia-

Pagan, Juan 0.0116  Mirza, D. 0.0180  

13 

Garcia-Pagan, 

Juan Carlos 0.0113  

Berzigotti, 

Annalisa 0.0116  

De Stefano, 

Valerio 0.0170  

14 Elias, Elwyn 0.0108  

Murad, Sarwa 

Darwish 0.0105  Nagral, Aabha 0.0170  

15 Valla, D. 0.0108  Fan, Daiming 0.0104  

Maiwall, 

Rakhi 0.0164  

16 Elias, E. 0.0101  

Ollivier-

Hourmand, 

Isabelle 0.0104  Orts, Lara 0.0155  

17 Belghiti, J 0.0099  

Cervoni, Jean 

Paul 0.0104  

Vizcarra, 

Pamela 0.0155  

18 Moucari, Rami 0.0099  

De Ledinghen, 

Victor 0.0104  

Primignani, 

Massimo 0.0152  
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19 

Rautou, Pierre-

Emmanuel 0.0099  

Durand, 

Francois 0.0102  

Cervantes, 

Francisco 0.0152  

20 

Leebeek, Frank 

W. G. 0.0096  Seijo, Susana 0.0100  

Puente, 

Angela 0.0149  

Table 3. Top 20 Nodes by Closeness Centrality. 

Node 2000 - 2009 
Closeness 

Centrality 
2010 - 2019 

Closeness 

Centrality 
2020 - 2023 

Closeness 

Centrality 

1 Mentha, G 0.0293  
Plessier, 

Aurelie 
0.0757  

Paradis, 

Valerie 
0.0723  

2 
Janssen, 

HLA 
0.0287  

Valla, 

Dominique 
0.0735  

Plessier, 

Aurelie 
0.0694  

3 
Primignani, 

Massimo 
0.0287  

Turon, 

Fanny 
0.0701  

Payance, 

Audrey 
0.0679  

4 
Elias, 

Elwyn 
0.0280  

Hernandez-

Gea, 

Virginia 

0.0698  
Rautou, Pierre-

Emmanuel 
0.0676  

5 Valla, DC 0.0278  

Carlos 

Garcia-

Pagan, Juan 

0.0697  
Valla, 

Dominique 
0.0670  

6 Elias, E 0.0269  
Primignani, 

Massimo 
0.0680  Qi, Xingshun 0.0667  

7 
Plessier, 

Aurelie 
0.0266  

Trebicka, 

Jonel 
0.0680  

Vilgrain, 

Valerie 
0.0666  

8 Barosi, G. 0.0265  

Rautou, 

Pierre-

Emmanuel 

0.0675  Shukla, Akash 0.0663  

9 

Valla, 

Dominique-

Charles 

0.0264  
Vilgrain, 

Valerie 
0.0668  Han, Guohong 0.0646  

10 
Valla, 

Dominique 
0.0263  

Murad, 

Sarwa 

Darwish 

0.0668  
Kage, 

Masayoshi 
0.0641  

11 
Janssen, 

Harry L. A. 
0.0257  

Garcia-

Pagan, Juan 

Carlos 

0.0667  
Mukund, 

Amar 
0.0639  

12 

Murad, 

Sarwa 

Darwish 

0.0256  

De 

Gottardi, 

Andrea 

0.0664  Giri, Suprabhat 0.0639  

13 
Garcia-

Pagan, JC 
0.0253  

Cazals-

Hatem, 

Dominique 

0.0663  
Treeprasertsuk, 

Sombat 
0.0639  
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14 
Hadengue, 

A 
0.0253  

Leebeek, 

Frank W. G. 
0.0658  Eapen, C. E. 0.0638  

15 

Valla, 

Dominique 

C. 

0.0250  Nery, Filipe 0.0657  
Sarin, Shiv 

Kumar 
0.0637  

16 

Garcia-

Pagan, 

Juan-Carlos 

0.0249  
Goria, 

Odile 
0.0656  

Deshmukh, 

Hemant 
0.0636  

17 
Raffa, 

Sebastian 
0.0247  

Durand, 

Francois 
0.0655  

Sugawara, 

Yasuhiko 
0.0634  

18 O’Grady, J 0.0245  
Seijo, 

Susana 
0.0655  

Shreshtha, 

Ananta 
0.0634  

19 

Garcia-

Pagan, Juan 

Carlos 

0.0245  

Bioulac-

Sage, 

Paulette 

0.0655  
Bihari, 

Chhagan 
0.0634  

20 
Janssen, 

Harry L. 
0.0245  

Berzigotti, 

Annalisa 
0.0652  

Cua, Ian 

Homer Y. 
0.0634  

Table 4. Top 20 Nodes by Betweenness Centrality. 

Nod

e 
2000 - 2009 

Betweennes

s Centrality 
2010 - 2019 

Betweennes

s Centrality 
2020 - 2023 

Betweennes

s Centrality 

1 Mentha, G 0.0027  Chen, Hui 0.0207  
Paradis, 

Valerie 
0.0281  

2 Barosi, G. 0.0026  
Plessier, 

Aurelie 
0.0135  

Qi, 

Xingshun 
0.0170  

3 
Primignani, 

M. 
0.0025  Qi, Xingshun 0.0127  

Zhuge, 

Yuzheng 
0.0152  

4 
Janssen, 

HLA 
0.0017  

Valla, 

Dominique 
0.0084  

Shukla, 

Akash 
0.0131  

5 Elias, E 0.0016  Turon, Fanny 0.0084  
Plessier, 

Aurelie 
0.0115  

6 
Primignani, 

Massimo 
0.0015  Rautou, P. E. 0.0079  Li, Lin 0.0111  

7 Valla, DC 0.0013  
Ronot, 

Maxime 
0.0077  

Cervantes, 

Francisco 
0.0100  

8 O’Grady, J 0.0011  
Mukund, 

Amar 
0.0076  

Shalaby, 

Sarah 
0.0087  

9 Valla, D 0.0010  
Hernandez-

Gea, Virginia 
0.0067  

Payance, 

Audrey 
0.0077  

10 Elias, Elwyn 0.0009  

Carlos 

Garcia-

Pagan, Juan 

0.0065  
Han, 

Guohong 
0.0072  
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11 
Burroughs, 

AK 
0.0009  Elias, Elwyn 0.0054  

Hernandez

-Gea, 

Virginia 

0.0071  

12 
Valla, 

Dominique 
0.0008  

Quaglia, 

Alberto 
0.0049  

Rautou, 

Pierre-

Emmanuel 

0.0060  

13 
Plessier, 

Aurelie 
0.0008  

Bioulac-Sage, 

Paulette 
0.0047  

Senzolo, 

Marco 
0.0052  

14 Plessier, A. 0.0008  
Shukla, 

Akash 
0.0046  Shalimar 0.0049  

15 Bosch, J 0.0007  
Primignani, 

Massimo 
0.0044  

Ageno, 

Walter 
0.0043  

16 Valla, D. 0.0006  
De Stefano, 

Valerio 
0.0043  

De Stefano, 

Valerio 
0.0042  

17 Vilgrain, V. 0.0006  
De Stefano, 

V. 
0.0032  

Kage, 

Masayoshi 
0.0041  

18 Neuhaus, P 0.0006  
Trebicka, 

Jonel 
0.0028  

Baiges, 

Anna 
0.0034  

19 
Klempnauer

, J 
0.0005  

Peck-

Radosavljevic

, Markus 

0.0028  
Patch, 

David 
0.0033  

20 

Valla, 

Dominique-

Charles 

0.0005  
Senzolo, 

Marco 
0.0027  Xu, Peng 0.0031  

2010-2019. Network Analysis 

In the subsequent period from 2010 to 2019, the network showed slight improvements in density 

and cohesiveness. The network density was 0.0016 (Table 1), marginally lower than the previous 

decade, indicating a slight decrease in the ratio of actual to possible connections (Figure 2). The 

average clustering coefficient remained high at 0.928 (Table 1), emphasizing the continued tendency 

for collaborative clusters among researchers (Figure 2). The network’s fragmentation increased, as 

evidenced by 645 components (Table 1), further demonstrating the absence of widespread 

collaborative integration (Figure 2). The average distance between nodes remained infinite, pointing 

to continued fragmentation in the network [8]. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 September 2024 doi:10.20944/preprints202409.0944.v1

https://doi.org/10.20944/preprints202409.0944.v1


 9 

 

 

Figure 2. Top 20 Budd-Chiari Syndrome Researcher Network from 2010 to 2019. 

Aurelie Plessier (0.0349) and Dominique Valla (0.0281) continued to dominate in terms of degree 

centrality, solidifying their central positions in the BCS research landscape (Table 2). Jonel Trebicka 

(0.0167) also emerged as a significant figure during this period. For closeness centrality, Aurelie 

Plessier (0.0757) and Dominique Valla (0.0735) remained top influencers, with Fanny Turon (0.0701) 

also playing a pivotal role in quickly connecting with others (Table 3). In terms of betweenness 

centrality, which measures the potential of nodes to control information flow, Hui Chen (0.0207), 

Aurelie Plessier (0.0135), and Xingshun Qi (0.0127) were key intermediaries, suggesting their strategic 

importance in maintaining connectivity across the network (Table 4). 

2020-2023. Network Analysis 

During the 2020–2023 period, the co-authorship network for BCS research showed increased 

cohesiveness and integration, as reflected by a network density of 0.0032 (Table 1), indicating that 

0.32% of all possible co-authorship connections were realized (Figure 3). The average clustering 

coefficient was 0.946 (Table 1), suggesting a high tendency for authors to form closely knit groups, 

further emphasizing the network’s cohesive nature (Figure 3). The number of components decreased 

to 376 (Table 1), demonstrating a notable reduction in network fragmentation and suggesting 

improved collaborative integration among researchers (Figure 3). Despite these improvements, the 
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network still exhibited a lack of a giant component, as shown by an infinite average distance between 

nodes, highlighting continued challenges in achieving full connectivity across the network [8]. 

 

Figure 3. Top 20 Budd-Chiari Syndrome Researcher Network from 2020 to 2023. 

At the micro level, degree centrality analysis identified Virginia Hernandez-Gea (0.0300), 

Aurelie Plessier (0.0254), and Akash Shukla (0.0245) as the most prominent figures based on co-

authorship frequency, indicating their central roles in shaping the BCS research landscape during 

this period (Table 2). Closeness centrality, which measures how efficiently a researcher can connect 

to others in the network, highlighted Valerie Paradis (0.0723), Aurelie Plessier (0.0694), and Audrey 

Payance (0.0679) as the most influential researchers, reflecting their pivotal positions in facilitating 

rapid connections within the network (Table 3). In terms of betweenness centrality, which identifies 

nodes that act as critical bridges within the network, Valerie Paradis (0.0281), Xingshun Qi (0.0170), 

and Yuzheng Zhuge (0.0152) were key intermediaries, underscoring their strategic importance in 

connecting otherwise separate research clusters and enhancing the overall cohesiveness of the 

network (Table 4). 
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Discussion 

The analysis of the co-authorship network in BCS research from 2000 to 2023 reveals significant 

insights into the collaborative dynamics and evolution of scientific contributions in this field. By 

examining both macro and micro-level network metrics, we can better understand the structural 

changes and key contributors over the years, highlighting the impact of collaboration on research 

productivity and knowledge dissemination. 

2000-2009 Period: During the initial period from 2000 to 2009, the co-authorship network was 

characterized by a sparse and highly fragmented structure. The network density was a mere 0.0017, 

indicating that only 0.17% of all possible connections between authors were realized. This low density 

reflects the nascent stage of collaboration in BCS research, where researchers were largely working 

in isolated groups. The high average clustering coefficient of 0.926 suggests that when collaborations 

did occur, they tended to form tightly knit groups. However, the presence of 533 components 

indicates a significant level of fragmentation, with many disconnected groups of researchers. The 

infinite average distance between nodes further highlights the lack of a giant component that could 

connect most authors, suggesting that the research community was highly segmented with limited 

inter-group communication. 

At the micro level, degree centrality analysis identified Aurelie Plessier, Dominique Valla, and 

Harry L. A. Janssen as the top contributors by co-authorship frequency, underscoring their central 

roles in BCS research during this period. Closeness centrality highlighted G. Mentha, HLA Janssen, 

and Massimo Primignani, reflecting their ability to connect quickly with others in the network, thus 

facilitating knowledge flow. Betweenness centrality, which measures a node’s role in connecting 

different parts of the network, was led by G. Mentha, G. Barosi, and M. Primignani, suggesting their 

influence in bridging otherwise disconnected groups, which is crucial in a fragmented network. 

2010-2019 Period: The subsequent period from 2010 to 2019 showed slight improvements in 

network density and cohesiveness. The network density was 0.0016, marginally lower than the 

previous decade, indicating a slight decrease in the ratio of actual to possible connections. Despite 

this, the average clustering coefficient remained high at 0.928, emphasizing the continued tendency 

for collaborative clusters among researchers. The network’s fragmentation increased, as evidenced 

by 645 components, further demonstrating the absence of widespread collaborative integration. The 

average distance between nodes remained infinite, pointing to continued fragmentation in the 

network. These findings suggest that while collaborative efforts were strong within specific groups, 

broader integration across the field remained limited, potentially hindering the overall progress of 

BCS research. 

Aurelie Plessier and Dominique Valla continued to dominate in terms of degree centrality, 

solidifying their central positions in the BCS research landscape. Jonel Trebicka also emerged as a 

significant figure during this period. Closeness centrality highlighted Aurelie Plessier, Dominique 

Valla, and Fanny Turon as top influencers, reflecting their pivotal roles in quickly connecting with 

others. In terms of betweenness centrality, Hui Chen, Aurelie Plessier, and Xingshun Qi were key 

intermediaries, suggesting their strategic importance in maintaining connectivity across the network. 

Their roles underscore the importance of certain researchers not just as prolific contributors but as 

critical links that facilitate collaboration between otherwise disparate research clusters. 

2020-2023 Period: The period from 2020 to 2023 marked a notable increase in network 

cohesiveness and integration. The network density rose to 0.0032, indicating that 0.32% of all possible 

co-authorship connections were realized, representing a positive trend towards increased 

collaboration. The average clustering coefficient increased to 0.946, suggesting a strong tendency for 

authors to form closely knit groups, further emphasizing the network’s cohesive nature. The number 

of components decreased to 376, demonstrating a reduction in network fragmentation and 

suggesting improved collaborative integration among researchers. Despite these improvements, the 

network still exhibited a lack of a giant component, as shown by an infinite average distance between 

nodes, highlighting continued challenges in achieving full connectivity across the network. 

At the micro level, degree centrality analysis identified Virginia Hernandez-Gea, Aurelie 

Plessier, and Akash Shukla as the most prominent figures based on co-authorship frequency, 
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indicating their central roles in shaping the BCS research landscape during this period. Closeness 

centrality highlighted Valerie Paradis, Aurelie Plessier, and Audrey Payance as the most influential 

researchers, reflecting their pivotal positions in facilitating rapid connections within the network. In 

terms of betweenness centrality, Valerie Paradis, Xingshun Qi, and Yuzheng Zhuge were key 

intermediaries, underscoring their strategic importance in connecting otherwise separate research 

clusters and enhancing the overall cohesiveness of the network. 

Implications and Future Directions: Overall, the co-authorship network analysis of BCS 

research from 2000 to 2023 reveals a gradual evolution towards increased collaboration and 

integration among researchers. While the network has become more cohesive over time, challenges 

remain in achieving full connectivity, which is crucial for accelerating the pace of discovery and 

fostering innovation. The persistent fragmentation suggests that while collaborative pockets exist, 

the broader network still lacks integration, potentially limiting the dissemination of findings across 

the entire research community. 

To address these challenges, efforts should focus on fostering broader collaborations, 

particularly through international partnerships and interdisciplinary approaches that can bridge the 

gaps between fragmented clusters. Initiatives such as global research consortia, targeted funding 

programs, and conferences that encourage cross-disciplinary collaboration could help enhance the 

integration and impact of BCS research. Additionally, leveraging digital platforms and social media 

to facilitate informal collaborations could further break down barriers and connect researchers across 

geographical and institutional boundaries. 

In conclusion, while BCS research has made strides in collaborative integration, continued 

efforts are needed to build a more connected and cohesive research community that can effectively 

tackle the complex challenges posed by BCS. 

Conclusion 

The co-authorship network analysis of BCS research from 2000 to 2023 reveals important insights 

into the collaborative landscape within this field. Across the examined periods, the network 

displayed low overall cohesion, with only a small fraction of potential collaborations realized, 

reflecting the challenges inherent in fostering widespread cooperation among researchers in this rare 

disease domain. The macro-level indicators highlighted a network with generally low density and 

high fragmentation, as seen in the significant number of disconnected components and the persistent 

absence of a giant component throughout the analysis periods. These characteristics suggest that 

while researchers are forming collaborative clusters, the broader integration across the network 

remains limited. 

From 2000 to 2009, the network was particularly sparse, with a density of just 0.17% and 533 

components, indicating many isolated clusters of researchers. The high clustering coefficient of 0.926 

within these clusters suggests that when collaborations occurred, they often did so within tightly knit 

groups, rather than forming broader connections across the network. Key contributors during this 

period, such as Aurelie Plessier (Hôpital Beaujon, Assistance Publique-Hôpitaux de Paris, France) 

and Dominique Valla (Université Paris-Cité, Assistance Publique-Hôpitaux de Paris, France), played 

central roles in co-authorship. Yet, the overall network structure lacked the cohesiveness necessary 

for efficient information dissemination. 

In the 2010 to 2019 period, the network showed only marginal improvements in density, with 

the number of components increasing to 645, further emphasizing the continued fragmentation. 

Although the average clustering coefficient remained high, indicating strong local collaboration, the 

persistence of numerous disconnected components underscores the challenges of fostering 

widespread collaborative efforts. Influential researchers like Aurelie Plessier (Hôpital Beaujon, 

Assistance Publique-Hôpitaux de Paris, France) and Dominique Valla (Université Paris-Cité, 

Assistance Publique-Hôpitaux de Paris, France) maintained their central positions, but the network 

struggled to evolve beyond its fragmented state. 

The 2020 to 2023 period witnessed modest gains in network integration, with the density rising 

to 0.32% and the number of components decreasing to 376, suggesting some improvement in 
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collaborative integration. However, the network continued to lack a giant component, indicating that 

significant barriers to full connectivity remained. Prominent figures such as Virginia Hernandez-Gea 

(Hospital Clínic de Barcelona, Spain) and Valerie Paradis (Hôpital Beaujon, Assistance Publique-

Hôpitaux de Paris, France) emerged as key contributors, reflecting a gradual shift towards a more 

interconnected research community, yet the overall pace of integration appears slow. 

In conclusion, the co-authorship network of BCS research reflects a field that, while 

demonstrating pockets of strong local collaboration, remains characterized by a broader 

fragmentation that limits the flow of information and collaborative potential across the entire 

network. The persistence of multiple disconnected components suggests that efforts to enhance 

collaboration at an international level could be crucial in advancing the understanding and 

management of BCS. The identification of key contributors and research hubs underscores the 

potential for targeted strategies to bridge existing gaps and foster a more cohesive and productive 

research environment. Future initiatives aimed at enhancing international collaboration and 

integrating emerging leaders could play a pivotal role in overcoming the challenges identified in this 

analysis, ultimately contributing to more robust and impactful research outcomes in the study of 

Budd-Chiari syndrome. 
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