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Objectives: To review the literature related to bronchopulmonary dysplasia in extremely pre-mature infants, summarize research direction, and report trends.

Methods: CiteSpace is a Java application which supports visual exploration with knowledge discovery in bibliographic databases. Relevant articles from 2008 to 2020 were retrieved from the Web of Science Core Collection database, and we extracted the following data: title, abstract, year, keywords, author, organization, journal and cited literature. We downloaded the data into CiteSpace (version 5.7.R3) to summarize countries, institutions, journals, and authors. We visualized the data with a knowledge map, collaborative network analysis, cluster analysis, and burst keyword analysis.

Results: We identified 610 articles on bronchopulmonary dysplasia in extremely pre-mature infants. The United States had the most articles on this topic (302 articles), followed by Canada (49 articles) and Germany (44 articles). The top three institutions, high-yield journals, and authors were all from the United States. The most common keywords were neurodevelopmental disorders, active perinatal care, mechanical ventilation, inflammation, pulmonary hypertension, low-dose hydrocortisone, development, and patent ductus arteriosus.

Conclusions: This study illustrates the trends and frontiers in the study of bronchopulmonary dysplasia in extremely pre-mature infants. The current research direction is to identify the risk factors in developing bronchopulmonary dysplasia in extremely pre-mature infants.
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INTRODUCTION

With the improvement of neonatal treatment, the survival rate of extremely pre-mature infants has increased significantly. Consequently, the incidence of bronchopulmonary dysplasia (BPD) is also increasing. Studies have shown that the incidence of BPD in extremely pre-mature infants with a gestational age of 22–27 weeks is 45% (1). The mortality and complication rate of pre-term infants with BPD is significantly higher than that of general pre-term infants. The prevention and management of BPD has become a major challenge in the field of perinatal and neonatal medicine. We conducted a literature review to further understand the research direction of bronchopulmonary dysplasia in extremely pre-mature infants and guide targeted research.

Bibliometrics is a text mining and analysis method that summarizes and analyzes research papers and academic journals. CiteSpace (http://cluster.cis.drexel.edu/~cchen/citespace/download/) is a scientific software that is often used to detect and visualize current scientific knowledge, detect trends in the literature, and determine future research directions (2, 3). CiteSpace uses information from the Web of Science Core Collection (WOSCC) and other database networks (4). This method can evaluate the corresponding data around knowledge gap involving important information including authors, journals, research institutions and keywords, and has been widely used in many fields such as medicine, geology, and ecology (5–7).

As far as we know, bibliometric techniques have not been applied to the area of BPD in extremely pre-mature infants. In this study, we used CiteSpace software to visualize how literature is developing investigating BPD in extremely pre-mature infants. We discuss the research directions in this field.



METHODS


Data Sources

We used CiteSpace 5.7.R3 for the bibliometrics and visualization analysis, which was designed to provide critical information of the current knowledge for bronchopulmonary dysplasia in extremely pre-mature infants, including the fast-growth topical areas and citation hotspots. The articles were identified from a literature search using the WOSCC.



Search Parameters

Our retrieval used the following Core Collection of Web of Science (WOS): SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, and IC. We performed a Boolean search on two lists with the operator “and.” The first list included the following search structure: TS = (Infant, Extremely Pre-mature* OR Extremely Pre-mature Infant* OR Infants, Extremely Pre-mature* OR Pre-mature Infant, Extremely* OR Pre-mature Infants, Extremely* OR Extremely Pre-term Infants* OR Extremely Pre-term Infant* OR Infant, Extremely Pre-term* OR Infants, Extremely Pre-term* OR Pre-term Infant, Extremely* OR Pre-term Infants, Extremely* OR Extremely Pre-mature Infants*). The second list included the following search structure: TS = (“Bronchopulmonary Dysplasia” OR “Dysplasia, Bronchopulmonary”). We searched articles (Document Type) in English (Languages) published between 2008 and 2020 (Retrieval time; Retrieval deadline: 2020.12.31).



Data Export

This retrieved articles, which were then exported using the “other file format,” which we defined as “plain text.” The exported record content was “full records and cited references.”



Analysis

We used the CiteSpace software to identify the citation bursts for the publication year, country/region, research institution, journal, author, research hotspot, and keywords.

This information was then presented as a knowledge graph using the following parameters: a 13-year period and a time slice of 1 year. The Term Sources were “Title, Abstract, Author Keywords (DE), and Keywords Plus (ID).” We set the Links parameters are “Strength: Cosine,” “Scope: Within Slices.”

In the network graph, different nodes represented various elements such as authors, institutions, countries, and keywords. The size of the nodes reflects the number or frequency of publications; the larger the node, the higher the number or frequency of publications. The connection lines between the nodes reflect the relationship between the co-operation or co-citation, the different colors within the nodes represent different times, and the color of the line reflects the years when the co-operation or co-citation first appeared (8). In addition, centrality reflects the role of the nodes in the knowledge network, and indicates the influence of one node on the other nodes. Nodes with greater centrality are more likely to become the key nodes in the network (9).




RESULTS


Publication Years

We retrieved 610 documents related to BPD in extremely pre-mature infants. As shown in Figure 1, the number of related research articles on this topic is proliferating. The number of articles published increased from 18 in 2008 to 64 in 2020, showing that this research continues to develop and is one of the current hotspots in pediatrics (Figure 1).


[image: Figure 1]
FIGURE 1. Trend chart of the number of articles published on BPD in extremely pre-mature infants.




Countries and Institutions Analysis

We analyzed each country's cooperation network map for this topic (Figure 2) and used the Web of Science retrieval results to get the top 10 countries by the number of publications (Table 1). The United States has the most significant number of articles, followed by Canada, Germany, and Australia, showing that the countries mentioned above are in a leading position on this topic. The United States has a high national centrality (Act as an intermediary in the partnership) and plays an intermediary role in the national cooperation network. In other countries, centrality is relatively low, which shows that most institutions have a low influence and cooperation.


[image: Figure 2]
FIGURE 2. Top 10 collaboration network of country on BPD in extremely pre-mature infants.



Table 1. Top 10 countries and institutes publishing research on BPD in extremely pre-mature infants.
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The top 5 institutions accounted for 320 articles (52.46%, Table 1). The top 5 research institutions are all in the United States: University of Alabama Birmingham, Case Western Reserve University, RTI International, Brown University, and Emory University. This finding shows that American research institutions are vital in the research field of BPD in extremely pre-mature infants, and they have carried out more in-depth and lasting research on the project with fruitful results. These research institutions have a dense network of cooperation, and they have more collaboration with other institutions (Figure 3).


[image: Figure 3]
FIGURE 3. Top 10 collaboration network of institution on BPD in extremely pre-mature infants.




Journal and Author Analysis

Table 2 lists the top 10 journals by the number of publications. Among these journals, American journals account for five, and the remaining five are from European countries. The top 10 authors of the number of articles published in this field are all Americans (Table 3), indicating the significant research in this field is in the United States.


Table 2. Top 10 journals and published articles on BPD in extremely pre-mature infants.
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Table 3. Top 10 authors with most publications on of BPD in extremely pre-mature infants.
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Cited Literature and Author Analysis

Table 4 and Figure 4 lists the most cited documents in this field. Among these documents, the author, Barbara Stoll (Emory University, United States), has the top two papers in terms of the number of citations in this area (Table 4). It shows that she has made outstanding contributions in this research direction. Most of the top five citations are published in the TOP journals: American Journal of Respiratory and Critical Care Medicine [Impact factor (IF) = 21.405], JAMA - Journal of the American Medical Association (IF = 56.272), New England Journal of Medicine (IF = 91.245), and Pediatrics (IF = 7.124). This pattern shows that the research results in BPD in extremely pre-mature infants are of great significance.


Table 4. Top 5 high cited articles related to BPD in extremely pre-mature infants.
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FIGURE 4. Top 10 highly cited articles on BPD in extremely pre-mature infants.




High-Frequency Keywords Analysis

The differences in high-frequency keywords at different periods show that the focus of research on BPD in extremely pre-mature infants has changed over the years. Before 2016, a significant number of articles on BPD in extremely pre-mature infants looked at an association with intrauterine infections. After 2016, the literature is more focused on treating BPD in extremely pre-mature infants and has increased significantly. Research on therapeutic drugs shifted from early dexamethasone to low-dose hydrocortisone. Caffein, inhaled nitric oxide, mesenchymal stem cells, vitamin D deficiency and supplementation, and others (Table 5), have also become new high-frequency keywords (Figure 5).


Table 5. High-frequency keywords of BPD in extremely pre-mature infants.
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FIGURE 5. Timeline-zone of Keywords on BPD in extremely pre-mature infants.




Keywords With Citation Bursts

Figure 6 shows the top 20 keywords with the most substantial citation bursts. The blue line represents the time interval, while the red line shows the period in which a keyword had a burst. The keywords show the forefront of research on this topic. In the study of BPD in extremely pre-mature infants, the keywords with large mutation values that lasted until 2020 are highlighted: high-risk factors, inflammation, low-dose hydrocortisone, pulmonary hypertension, and patent ductus arteriosus. These may be the future trend of BPD research in extremely pre-mature infants.


[image: Figure 6]
FIGURE 6. Burstness map of keywords on BPD in extremely pre-mature infants.





DISCUSSION

We have analyzed the number of publications, countries, high-impact journals, and authors researching BPD in extremely pre-mature infants. We found that over the last 13 years, countries worldwide have increased research on this topic. The top 10 publications are all in developed countries, with the United States having the highest number of publications, academic institutions, high-impact journals, and authors.

The analysis of the results of both high-frequency keywords and keywords with citation bursts shows that the research focus of BPD in extremely pre-mature infants has changed over time. Since 2008, exploring the high-risk factors of BPD in extremely pre-mature infants has been a research hotspot that has determined that the occurrence of BPD is the result of multiple factors. Gestational age (GA), low birth weight, intrauterine infection, maternal chorioamnionitis, lung inflammation, and respiratory distress syndrome (RDS) are important factors in the pathogenesis of BPD. Since 2016, the interest in the relationship between patent ductus arteriosus (PDA) and BPD has gradually increased. Some research believed PDA with the hemodynamic effects due to the large left-to-right shunt, can cause pulmonary edema, which leads to prolonged mechanical ventilation time and increases the risk of developing BPD (10, 11). However, it is still not clear that interventions to close the PDA to reduce the risk of BPD in humans. Multiple studies suggest that the development of BPD is unchanged regardless of the PDA treatment strategy (12, 13).

Glucocorticoids have always been the most studied and, at the same time, the most controversial class of drugs for treating BPD in extremely pre-mature infants. Based on high-frequency keywords, the research on glucocorticoids has increased in the past 5 years. Currently, the short-term, low-dose dexamethasone regimen is still the most widely used (14). Short-term adverse effects include high blood pressure, hyperglycemia, gastrointestinal bleeding, and gastrointestinal perforation when using hormones in pre-mature infants. The hormones have adverse effects on neurodevelopment, including an increased risk of cerebral palsy (15). As a result, a high-dose long-term hormone to prevent BPD or as early treatment has been abandoned (16). Efficacy and safety of hormone therapy for bronchopulmonary dysplasia in extremely pre-mature infants need larger, multicenter, randomized, controlled trials.

In terms of other drug treatments for BPD in extremely pre-mature infants, research into caffeine and mesenchymal stem cell treatment has increased significantly in recent years. Most scholars believe that early use of caffeine is beneficial as a treatment of BPD (17, 18). Caffeine use within 48 h of birth can allow the removal of the ventilator earlier and reduce the incidence of BPD, PDA, and neurodevelopmental deficits (19). However, a randomized, placebo-controlled trial showed that early initiation of caffeine in pre-term infants did not reduce the age of first successful extubation. The finding suggest caution with early use of caffeine in mechanically ventilated pre-term infants until more efficacy and safety data become available (20). Therefore, more research is needed to clarify the starting time and duration of caffeine treatment.

In the past 5 years, several trials have investigated the treatment of BPD with cell therapy. Mesenchymal stem cells (MSCs) derived from human cord blood have received particular attention due to their easy isolation, low immunogenicity, and anti-inflammatory and repair properties. Four countries, South Korea (21), the United States (22), Spain (23), and China (24), have successfully carried out phase I or II clinical trials of MSCs to treat BPD. Published results show that intravenous or intratracheal injection of MSCs can change the composition of inflammatory factors in airway secretions, reduce lung inflammation and fibrosis, and reduce the severity of BPD; to date, no adverse reactions have been found (25). However, the mechanism of MSCs in repairing BPD is unclear. Therefore, the study of the pathophysiology of BPD, the use of MSCs for treatment, and transforming cell therapy into clinical use will be important areas of future research.

Research hotspots in the past 5 years have shown that research has gradually moved toward the complications and prognosis of BPD in extremely pre-mature infants. Neurodevelopmental disorders and pulmonary hypertension (PH) are the two major complications of BPD. The long-term neurodevelopmental outcome of pre-term infants with BPD is significantly higher than that of non-BPD pre-term infants (26). Neurodevelopment disorders risk factors include infections, poor growth, birth hypoxia, and later steroid use. PH is the most severe complication of BPD (27), with an incidence rate of 14–50% (28). This complication can progress to pulmonary heart disease (PHD) and significantly affect long-term prognosis. BPD-related PH has a mortality rate of up to 40% before 2 years of age (29).



STRENGTHS AND LIMITATIONS

To our knowledge, this is the first study to use the co-occurrence and co-citation analysis methods by CiteSpace to perform bibliometric analysis and visual display of bronchopulmonary dysplasia in extremely pre-mature infants.

Our study does have limitations. We analyzed only English studies in the WOS due to software limitations. Therefore, the data may not be comprehensive, and our results may not be applicable to research published in other languages. Synonyms, when clustering keywords, can cause some overlaps between different categories of contents.



CONCLUSIONS

We can determine the research status of BPD treatments and pathophysiology using CiteSpace. At present, the research hotspots of BPD tend to be the rational use of hormones, cell therapy, early detection, and follow-up of complications. Understanding the pathogenesis and treatment prospects of BPD in the future requires continuously discovering and solving related problems.
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