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Background: Pulmonary embolism (PE) is a popular area of research in the field of respiratory medicine. We performed a bibliometric analysis based on PubMed database to characterize the distribution pattern of literature and knowledge structures related to PE.

Methods: Literature pertaining to PE from January 1, 2017, to December 31, 2021, was retrieved from the PubMed database. Bibliographic information was generated using the Bibliographic Item Co-Occurrence Matrix Builder (BICOMB). The visualization matrix was established using gCLUTO software. Strategic diagram analysis was performed using GraphPad Prism 9 software. Social network analysis (SNA) was generated using Ucinet6.0 and NetDraw 2.084 software.

Results: Out of all the retrieved MeSH terms and subheadings, 52 MeSH terms/MeSH subheadings with a high frequency were found, and hot subjects were sorted into 6 clusters. The strategy diagram showed that the epidemiology, etiology, and drug therapy of PE were well advanced. In contrast, studies on diagnostic imaging, pathology, and complications of PE were still immature and offered potential research space. Social network analysis showed that marginal topics such as surgical treatment of pulmonary hypertension, prevention and control of postoperative complications, and metabolism and analysis of fibrin/fibrinogen degradation products were emerging research hotspots.

Conclusion: Objective analysis of the research developments in the field of PE can provide intuitive knowledge structure for researchers and clinicians. Analysis of the research hotspots related to PE is helpful for researchers and clinicians by highlighting future research directions.
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Introduction

Pulmonary embolism (PE) refers to an obstruction in the pulmonary artery due to a clot, tumor, air, or fat, and is a form of venous thromboembolism (VTE) (1, 2). The clinical spectrum of PE depends on the hemodynamic consequences and ranges from asymptomatic PE to life-threatening medical emergency (3). Globally, PE is the third leading cause of cardiovascular death after stroke and coronary artery disease (4).

In recent years, an extensive body of research related to PE has been published, mainly focusing on the epidemiology, etiology, diagnosis, treatment, and complications of PE. However, bibliometric studies on the structures and trends of PE have not been reported.

Bibliometrics refers to the quantitative analysis and interpretation of topical issues in the literature. Co-term analysis is one of the more commonly used methods in bibliometrics to estimate the heterogeneity and correlation of two groups of words in a knowledge network (5). In addition, this work applied biclustering analysis, strategy diagram, and social network analysis to analyze the relationships between themes as well as trends. From the perspective of bibliometrics, this work aimed to characterize the knowledge structure and research trend related to PE and provide broader ideas for researchers and clinicians for the future research directions related to this subject.



Materials and methods


Data collection

The US National Center for Biotechnology Information’s PubMed database was used to retrieve and download data. The National Library of Medicine’s Medical Subject Heading (MeSH) terms, a medical vocabulary resource, are used to index and categorize articles in the PubMed database. During retrieval of articles, the scope of retrieval was limited to journal articles (publication type), English (language of publication), and with no limitation of species. The retrieval term used was “PE” [MeSH]. The reference period for retrieval was from 1 January 2017 to 31 December 2021. A total of 5,583 items were retrieved. The following details were collected for each article: title, author, institution, country, publication year, and MeSH terms. These records were kept in TXT format.



Data extraction and bibliographic matrix setup

BICOMB was used to extract and count bibliographic information accurately (6). The bibliographic information included journals, countries, years of publication, authors, and main MeSH terms/MeSH subheadings. The software was used to rank journals, years of publication, authors, and frequency of main MeSH terms/MeSH subheadings, and to record the frequency of main MeSH terms/MeSH subheadings.

In addition, the h-index was used to determine the amount of high-frequency main MeSH terms/MeSH subheadings. The h-index was proposed in 2005 by J. E. Hirsch, a physicist at the University of California at San Diego, United States. According to the definition of h-index, when intercepting high-frequency terms, the terms were first arranged in descending order of word frequency, and the terms with word frequency greater than or equal to their ordinal number (h) were searched for from the list of terms. The word frequencies of its subsequent term were less than h. The threshold value for intercepting high-frequency main MeSH terms/MeSH subheadings was set at h (7). Based on the ranking, the h-index of this study was 52, so there were 52 high-frequency main MeSH terms/MeSH subheadings, and these high-frequency main MeSH terms/MeSH subheadings, represented the research hotspots of PE. The term-source article matrix and co-occurrence matrix were built using BICOMB.



Biclustering analysis of high-frequency main MeSH terms/MeSH subheadings

High-frequency main MeSH terms/MeSH subheadings were categorized using the term-source article matrix, and the high-frequency MeSH terms and PubMed unique identifiers from the retrieved literature on PE were used in the biclustering analysis. Using the repeated bisection method in the gCLUTO software, a visual matrix was produced after clustering the mountain visualization (8). The peaks in the 3-D terrain were labeled with numbers representing clusters analyzed by biclustering. Namely, the ordinal numbers of the clusters were automatically generated by the mountain visualization. The data for the relevant clusters were represented by the color, height, volume, and location of each peak in the figure. The height of each peak in a cluster determines its internal resemblance. The distance between two peaks indicates their relative resemblance. A peak’s volume is proportional to the number of main MeSH terms/MeSH subheadings. The color of the peak represents the internal standard deviation of the components of a cluster. Blue indicates high deviation and red indicates low deviation. On the left and top of the matrix, respectively, the row labels for the matrix representation denote the primary MeSH terms and MeSH subheadings, and the column labels denote the PubMed unique identifiers of the source articles. In addition, the software can generate clustering analysis solution results, which contain representative literature for each cluster. Combined with the main MeSH terms/MeSH subheadings of the row labels, the components of each cluster can be identified. The structure of the associated research focus was investigated using the findings of the biclustering analysis.



Strategic diagram analysis

The strategic diagram was used to describe the external and internal cohesion of a research area. A strategic diagram was a two-dimensional diagram that was constructed by calculating the density and centrality of thematic clusters and plotting them along the X-axis and Y-axis (9). In the strategic diagram, the X-axis represents the centrality or external cohesion index, which represents the strength of interactions between themes, that is, their central position in the overall network. Y-axis represents the density or internal cohesion index, which represents the ability of themes to maintain and develop themselves (10). The detailed method for calculating the two parameters was described by Callon (11). There were two axes generating four quadrants to which the main MeSH terms/MeSH subheading clusters were assigned based on the results of the biclustering analysis. Strategic diagram was generated using Graph Pad 9 software (GraphPad Software Inc., San Diego, CA, United States).



Social network analysis

Social network analysis was performed to analyze the knowledge structure of PE based on the co-occurrence matrix by constructing a network with Ucinet 6.0 (Analytic Technologies Co., Lexington, KY, United States) and NetDraw 2.084 software. The main MeSH terms/MeSH subheading of the network was represented by nodes and the co-occurrence frequency was represented by links. The degree, betweenness, and closeness centrality measures of each node were utilized to assess the positions of the main MeSH terms/MeSH subheadings in the network to comprehend the network structure of PE.




Results


Distribution features of relevant literature

From 2017 to 2021, there were a total of 5,583 publications that qualified the search criteria. The number of articles related to PE was 1,193 in 2017, decreasing slightly from 2018 to 2019, followed by a significant increase in 2020 (1,258) and decrease again in 2021 (998) (Figure 1A). In terms of journal ranking, Thromb Res published the highest number of relevant articles (130; 2.328%), followed by BMJ Case Rep (117; 2.096%), with Medicine (Baltimore) and J Thromb Haemost (96, 1.720%) tied for the third place (Figure 1B). The top 15 first authors in this field among the included articles are displayed in Figure 1C. Among the first authors, Klok FA had authored the most articles.
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FIGURE 1
 Features of PE-related publications. (A) The number of publications on PE from 2017 to 2021. (B) The number of publications in the top 15 journals. (C) The number of publications from the top 15 first authors.




Research hotspots concluded by MeSH term clusters

Fifty-two high-frequency main MeSH terms/MeSH subheadings with a combined frequency of 40.7497% were found in the literature on PE (Supplementary Additional Table 1). These could be regarded as the research hotspots in the previous 5 years. The above 52 high-frequency terms were divided into 6 clusters by biclustering analysis. The main MeSH terms/MeSH subheadings are visualized as mountains and matrices in Figure 2. The cluster trees on the left and the top indicate the relationship between main MeSH terms/MeSH subheadings and the relationship between main MeSH terms/MeSH subheadings and articles, respectively. The right side shows the 52 high-frequency main MeSH terms/MeSH subheadings, and the numbers in front of them indicate the ranking of the main MeSH terms/MeSH subheadings. Table 1 lists the findings of the cluster analysis performed on the high-frequency main MeSH terms/MeSH subheadings of studies relevant to PE.

[image: Figure 2]

FIGURE 2
 Biclustering analysis of 52 high-frequency main MeSH terms/MeSH subheadings and articles on PE from 2017 to 2021. (A) Matrix visualization of biclustering of 52 high-frequency main MeSH terms/MeSH subheadings and PubMed Unique Identifiers of the articles. (B) Mountain visualization of biclustering of 52 high-frequency main MeSH terms/MeSH subheadings and articles.




TABLE 1 Cluster analysis of high-frequency main MeSH terms/subheadings of PE.
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Theme trends of PE

The clusters in Quadrant I show key themes with strong centrality and high density, representing strong ties to other clusters, strong internal interactions, and high levels of development. Quadrant II contains themes that are considered high density and low centrality, which are well developed internally but show insufficient external interactions. Quadrant III describes themes with low density and insufficient centrality; this segment is at the edge of the research field and the research is not yet mature, so these themes are usually considered to be disappearing or emerging. Quadrant IV represents themes that are more central but less internally mature. Based on the calculated density and centrality, themes are depicted as spheres in different Quadrants, representing their internal and external cohesion, respectively, in the strategic diagram. Cluster 2 and Cluster 4 are in Quadrant I, representing the epidemiology, etiology, and clinical pharmacotherapy of PE and VTE at the core of high density and strong centrality. Cluster 0 is in Quadrant II, implying the prevention and control of PE and postoperative complications. Although well developed, Cluster 0 is still at the periphery of the PE research field. Cluster 1 and Cluster 5 are in quadrant III, including immature research on diagnostic imaging, pathology, complications of PE, and surgical treatment of pulmonary hypertension, which are at the edge of the research field and have potential research space. Cluster 3 is in quadrant IV, indicating lack of in-depth research on the diagnosis of PE and VTE, analysis, and metabolism of fibrin/fibrinogen degradation products. Figures 3A,B show the development and trends of each PE theme cluster over the 5-year period.

[image: Figure 3]

FIGURE 3
 Strategic diagrams for PE. (A) The significance of the four quadrants in the strategic diagram. (B) Strategic diagram of PE from 2017 to 2021. The main MeSH terms/MeSH subheadings were represented by nodes in different quadrants.




Knowledge structure of PE

The social network analysis of PE is shown in Supplementary Additional Table 2 and Table 2, where degree, closeness, and betweenness are all centrality parameters. Degree centrality is the number of other points in a network that are directly connected to a point, and a high number indicates a strong connection with other points, reflecting the centrality of the point in the network. Betweenness centrality measures the extent to which a point is located in the “middle” of other points in the graph, indicating the degree of control of a node over the resources in the network, and the higher the betweenness centrality, the node plays a key intermediary role. Closeness centrality is the sum of the shortest distance from a node to other nodes, and the smaller the proximity centrality, the stronger the node’s ability to be free from control by other nodes. In this study, the social network analysis network was constructed with betweenness centrality. The line thickness represents the co-occurrence frequency, and the node size is proportional to the betweenness centrality of the main MeSH terms/MeSH subheading (Figure 4). The yellow circles represent the nodes with the highest betweenness centrality, which means that “PE/epidemiology” is located at the center of the network and plays a key mediating role in the entire network. The mean degree of centrality in this network is 273.577 ± 203.421 (Table 2), and the blue circles represent nodes with above-average degree centrality, meaning that nodes in this category have more frequent co-occurrence with other nodes, such as “PE/etiology,” “PE/diagnosis,” “PE/therapy,” “PE/complications,” “PE/prevention and control,” “Anticoagulants/therapeutic use.” In addition, the green boxes represent emerging hotspots of PE, including “Postoperative Complications/prevention and control,” “Postoperative Complications/epidemiology,” “Hypertension, Pulmonary/surgery,” “Pulmonary Artery/surgery,” “fibrin/fibrinogen Degradation Products/analysis,” “fibrin/fibrinogen Degradation Products/metabolism,” and “Arthroplasty, Replacement, Knee/adverse effects.”



TABLE 2 Descriptive statistics for centrality measures for PE.
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FIGURE 4
 Social network structure map for main Medical Subject Heading (MeSH) terms/subheadings for PE-related publications. Social network analysis for 52 main MeSH terms/MeSH subheadings from 2017 to 2021. Nodes represent MeSH terms/MeSH subheading words, while node size and location indicate the centrality of a word in the social network analysis map. Links represent the connection between two words, and the number or thickness of the lines indicates the co-occurrence frequency of the main MeSH terms/MeSH subheadings pairs.





Discussion

The incidence of PE has shown an increasing trend over the past few decades due to progressive population aging, increased risk of developing VTE, and the increased sensitivity and availability of imaging tests (12, 13). In the United States, the estimated annual incidence of acute PE is 115 cases per 100,000 population (14). In addition, numerous studies have reported that Coronavirus Disease 2019 (COVID-19) may increase the risk of PE (15, 16). The disease burden of PE is bound to receive increasing attention. Due to the increasing volume of PE literature, it is necessary to sort out the knowledge structure and research trends of PE in order to provide researchers and clinicians with a better understanding of the disease. This is the first study aiming to objectively analyze the research characteristics and hotspots of PE from a bibliometric perspective, with the aim of identifying future research directions on the subject of PE.

A total of 5,583 publications about PE were found in the PubMed database for this study. Analysis showed some fluctuations in the number of articles published annually about PE during the 5-year period, with the most articles published in 2020 and the least in 2021. Among the top 15 journals, Thromb Res led the way, along with other major journals such as BMJ Case Rep, Medicine (Baltimore), and J Thromb Haemost. Klok FA, from the Department of Thrombosis and Hemostasis, Leiden University Medical Center, authored the most PE-related publications during this time. Dr. Klok and his team published many valuable results on the epidemiology, diagnosis, treatment, and prognosis of PE.

This study combined social network analysis with co-word analysis for in-depth evaluation of the basic knowledge structure of PE. Co-word analysis allows for clustering of closely related MeSH words. The strategic diagram was used to analyze the theme trends of PE. To more prominently show the change in theme trends in PE in the last 5 years, we compared it with previous studies. We collected articles from 2012 to 2016 under the same search criteria and made a strategic diagram after clustering analysis of high-frequency main MeSH terms/MeSH subheadings (Figure 5). It is worth noting that since the clustering ordinal numbers were automatically generated by the gCLUTO software, the content represented by the clustering ordinal numbers in Figure 5 may be different from Figure 3, and we mainly focus on the theme content of each quadrant. Through clustering analysis and strategic diagram analysis, we found that the epidemiology, etiology, and drug therapy of PE and VTE have been in the first quadrant for the past decade, indicating that these themes are not only the most popular but also have received relatively stable attention. With approximately 10 million people affected by VTE worldwide each year and with the annual incidence of acute VTE four times higher in high-income countries than in low-income countries, VTE is a significant contributor to the global burden of disease (17, 18). The high incidence of PE has also been a cause for concern, and likewise, the drug therapy of PE is a topic that is often explored. Prevention and control of PE and postoperative complications changed from being in the third quadrant to the second quadrant, indicating increased attention to the topic and maturing research within the theme. However, preventive management of VTE has been reported to be inadequate in a significant proportion of patients (19, 20), so attention is still needed. The change of diagnostic imaging of PE from being located in the second quadrant to the third quadrant and the pathology of PE from being located in the fourth quadrant to the third quadrant indicates that these two themes are at the edge of the research field in the last 5 years, and the research is still immature and has potential research space. Complications of PE and surgery of pulmonary hypertension have been in the third quadrant for nearly a decade. Post-PE syndrome is an important long-term complication of VTE that reduces the quality of life and causes a significant financial and medical burden (21). The most severe manifestation of post-PE syndrome is chronic thromboembolic pulmonary hypertension, which affects 3% of patients with PE, and almost half of these patients develop functional and motor limitations within 1 year after PE (22, 23). These themes are in the third quadrant and need further study, both in terms of theme depth and closeness to other themes. Regarding the diagnosis of PE and VTE, analysis and metabolism of fibrin/fibrinogen degradation products, this group of topics has been located in the fourth quadrant, suggesting that this group is not sufficiently studied internally.
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FIGURE 5
 Strategic diagram of PE from 2012 to 2016.


In social network analysis, “PE/epidemiology” was found to lead the field of PE, as the node is in a pivotal position and plays a key mediating role, according to the value of its betweenness centrality parameter, which is essential to maintain the stability of the entire network. In terms of degree centrality, “PE/diagnostic imaging,” “PE/diagnosis,” “PE/therapy,” “PE/etiology,” “PE/drug therapy,” “PE/epidemiology,” “PE/complications,” “Anticoagulants/therapeutic use,” “PE/prevention and control,” “VTE/epidemiology,” “Venous Thrombosis/epidemiology,” “VTE/prevention and control,” and “VTE/etiology” are in the middle of the network, showing a clear and direct connection with other nodes. Surgical treatment of pulmonary hypertension, prevention and control of postoperative complications, and metabolism and analysis of fibrin/fibrinogen degradation products are at the edge of the network, with both degree centrality, betweenness centrality, and closeness centrality below the mean, indicating that such nodes are both less connected to other nodes and have potential research space. Furthermore, by reviewing the literature, we found a gradual increase in the last 5 years on these marginal topics, such as the literature related to surgical treatment of pulmonary hypertension, from 71 articles in 2017 to 105 articles in 2021. Last but not least, combined with the clinical experience of the researchers, clinicians are placing increasing emphasis on topics such as surgical treatment of pulmonary hypertension and prevention and control of postoperative complications, all of which illustrate that these types of topics represent emerging research hotspots.



Strengths and limitations

This is the first study to apply bibliometrics for an objective analysis of PE research hotspots and the development of PE to provide researchers and clinicians with an intuitive knowledge structure for future research directions. However, some limitations of our study should be acknowledged. First, only journal articles were included in this study. Secondly, only articles published in English language were included. Third, the co-word analysis is based on high-frequency MeSH terms, and the number of high-frequency MeSH words may have some impact on the results, which may ignore the emerging topics with lower attention and frequency. Fourth, our research work ended at the end of 2021, and the retrieved data cannot be updated in time because the database is dynamically updated. To better guide the research direction, future studies should include multiple databases, multiple languages, and multiple literature types.



Conclusion

In summary, we applied bibliometrics to objectively analyze the knowledge structure and research trends in PE, using a combination of co-word analysis, biclustering analysis, strategic diagram analysis, and social network analysis. Analysis of PE research trends may help researchers and clinicians to start new studies. We identified potential research space for relatively less explored topics, such as diagnosis, diagnostic imaging, complications, and pathology of PE. In addition, surgical treatment of pulmonary hypertension, prevention and control of postoperative complications, and metabolism and analysis of fibrin/fibrinogen degradation products were identified as emerging research hotspots. Future research projects should focus on unexplored topics and emerging hotspots.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

JF collected the data and participated in manuscript writing. XX conceived this study and participated in manuscript writing. LZ critically revised the manuscript and provided guidance. All authors read and approved the final manuscript.



Funding

This study was supported by Liaoning Provincial Natural Science Foundation Project (2022-YGJC-67).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2023.1052928/full#supplementary-material



References

 1.Rali, P, Gandhi, V, and PE, MK. Pulmonary embolism. Crit Care Nurs Q. (2016) 39:131–8. doi: 10.1097/CNQ.0000000000000106

 2.Starling, S, Marshall, L. Pulmonary embolism. Nat Rev Dis Primers. (2018) 4:18031. doi: 10.1038/nrdp.2018.31

 3.Rali, PM, and Criner, GJ. Submassive pulmonary embolism. Am J Respir Crit Care Med. (2018) 198:588–98. doi: 10.1164/rccm.201711-2302CI

 4.Essien, EO, Rali, P, and Mathai, SC. Pulmonary embolism. Med Clin North Am. (2019) 103:549–64. doi: 10.1016/j.mcna.2018.12.013

 5.Nguyen, D. Mapping knowledge domains of non-biomedical modalities: a large-scale co-word analysis of literature 1987-2017. Soc Sci Med. (2019) 233:1–12. doi: 10.1016/j.socscimed.2019.05.044 

 6.Li, F, Li, M, Guan, P, Ma, S, and Cui, L. Mapping publication trends and identifying hot spots of research on internet health information seeking behavior: a quantitative and co-word biclustering analysis. J Med Internet Res. (2015) 17:e81. doi: 10.2196/jmir.3326 

 7.Hirsch, JE. An index to quantify an individual's scientific research output. Proc Natl Acad Sci U S A. (2005) 102:16569–72. doi: 10.1073/pnas.0507655102 

 8.Rasmussen, M, and Karypis, G. gCLUTO-an interactive clustering, visualization, and analysis system CSE/UMN Technical Report (2004) TR# 04-021.

 9.Viedma-Del-Jesus, MI, Perakakis, P, Muñoz, MÁ , et al. Sketching the first 45 years of the journal psychophysiology (1964-2008): a co-word-based analysis. Psychophysiology. (2011) 48:1029–36. doi: 10.1111/j.1469-8986.2011.01171.x 

 10.Li, HY, Cui, L, and Cui, M. Hot topics in Chinese herbal drugs research documented in PubMed/MEDLINE by authors inside China and outside of China in the past 10 years: based on co-word cluster analysis. J Altern Complement Med. (2009) 15:779–85. doi: 10.1089/acm.2008.0594 

 11.Callon, M, Courtial, JP, and Laville, F. Co-word analysis as a tool for describing the network of interactions between basic and technological research: the case of polymer chemsitry. Scientometrics. (1991) 22:155–205. doi: 10.1007/BF02019280

 12.Di Nisio, M, van Es, N, and Büller, HR. Deep vein thrombosis and pulmonary embolism. Lancet. (2016) 388:3060–73. doi: 10.1016/S0140-6736(16)30514-1

 13.Barco, S, Valerio, L, Ageno, W, Cohen, AT, Goldhaber, SZ, Hunt, BJ , et al. Age-sex specific pulmonary embolism-related mortality in the USA and Canada, 2000-18: an analysis of the WHO mortality database and of the CDC multiple cause of death database. Lancet Respir Med. (2021) 9:33–42. doi: 10.1016/S2213-2600(20)30417-3 

 14.Wendelboe, AM, and Raskob, GE. Global burden of thrombosis: epidemiologic aspects. Circ Res. (2016) 118:1340–7. doi: 10.1161/CIRCRESAHA.115.306841

 15.Lodigiani, C, Iapichino, G, Carenzo, L, Cecconi, M, Ferrazzi, P, Sebastian, T , et al. Venous and arterial thromboembolic complications in COVID-19 patients admitted to an academic hospital in Milan, Italy. Thromb Res. (2020) 191:9–14. doi: 10.1016/j.thromres.2020.04.024 

 16.Poissy, J, Goutay, J, Caplan, M, Parmentier, E, Duburcq, T, Lassalle, F , et al. Pulmonary embolism in patients with COVID-19: awareness of an increased prevalence. Circulation. (2020) 142:184–6. doi: 10.1161/CIRCULATIONAHA.120.047430

 17.Raskob, GE, Angchaisuksiri, P, Blanco, AN, Buller, H, Gallus, A, Hunt, BJ , et al. Thrombosis: a major contributor to global disease burden. Thromb Res. (2014) 134:931–8. doi: 10.1016/j.thromres.2014.08.014

 18.Siegal, DM, Eikelboom, JW, Lee, SF, Rangarajan, S, Bosch, J, Zhu, J , et al. Variations in incidence of venous thromboembolism in low, middle and highincome countries. Cardiovasc Res. (2020) 117:576–84. doi: 10.1093/cvr/cvaa044

 19.Plante, S, Belzile, EL, Fréchette, D, and Lefebvre, J. Analysis of contributing factors influencing thromboembolic events after total knee arthroplasty. Can J Surg. (2017) 60:30–6. doi: 10.1503/CJS.008216

 20.Yun, R, Sciubba, DM, Lewin, JJ 3rd, et al. Defects in processes of Care for Pharmacologic Prophylaxis are Common among Neurosurgery Patients who Develop in-Hospital Postoperative Venous Thromboembolism. World Neurosurg. (2020) 134:e664–71. doi: 10.1016/j.wneu.2019.10.163 

 21.Khan, F, Tritschler, T, Kahn, SR, and Rodger, MA. Venous thromboembolism. Lancet. (2021) 398:64–77. doi: 10.1016/S0140-6736(20)32658-1

 22.Ende-Verhaar, YM, Cannegieter, SC, Vonk Noordegraaf, A, Delcroix, M, Pruszczyk, P, Mairuhu, ATA , et al. Incidence of chronic thromboembolic pulmonary hypertension after acute pulmonary embolism: a contemporary view of the published literature. Eur Respir J. (2017) 49:1601792. doi: 10.1183/13993003.01792-2016 

 23.Kahn, SR, Hirsch, AM, Akaberi, A, Hernandez, P, Anderson, DR, Wells, PS , et al. Functional and exercise limitations after a first episode of pulmonary embolism: results of the ELOPE prospective cohort study. Chest. (2017) 151:1058–68. doi: 10.1016/j.chest.2016.11.030 



OPS/images/fmed-10-1052928-g005.jpg
@
|

18] 1 Epidemiology of PE and venous thromboembolism
2 ity of  nd venos romboembai
Digrosic imaging o PE
| '
o [ TRro——
2 o o
Centat
I —— T 1 T L eme’
o8 06 o4 02 02 a4 oe s
)
&
kit ] | otre
Zprvention & contol of TRt
e o | Dagmisot L
s i and s of

1 Complcuions of PE-
2Sugeryof

m

i Trinosen degraduion producs
IV 4 Patbology of PE

pulmonary hypericnsion






OPS/images/fmed-10-1052928-t001.jpg
Number of MeSH
terms/MeSH
subheadings*

Cluster

0 8,10,15,22,28,45,50,52
1 7.1224.35,36,37,39.40,49
2 3,5,17.2627,3031,32

3 2,14,16,21,29,44,46,51

4 4,69,11,13,20,23,25,34,42
5 1,18,19,33,38,41,43.47,48

Cluster analysis

1. Prevention and control of PE.

2. Prevention and control of

tions

postoperative compli
1. Complications of PE

2. Surgery of pulmonary hypertension
1. Drug therapy of PE.

2. Drug therapy of VTE

1. Diagnosis of PE

2. Diagnosis of VTE

3. Analysis and metabolism of fibrin/

fibrinogen degradation products
1. Epidemiology of PE and VTE,
2. Etiology of PEand VTE

1. Diagnostic imaging of PE

2. Pathology of PE

“Represents rank of high-frequency main MeSH terms/subheadings shown in

Supplementary Additional Table 1.





OPS/images/fmed-10-1052928-g003.jpg
Qudent 11
Perpheral end developed

Density (y-axis)

L Prevention & contal ol PE
2 Prevention & contral of

postogerative complications
Quadsant

Centl and develiped g '

Density (y-axis)

gy

I

I 1 Tpidemiology of PT and venous trombeembolism
2 krology of PE and senous thrombaerbolism

N

11

herspy ofPE \‘

2 Drug therapy of 4~
venous thromboeumbolism

Centrality [~ T T ] C('“"“,]'l"
(-axis)
w9 e 2 U 05 0
\4 L Disguosi
Quadent 1 Quant 1V co 2 batiology of P

Perpheralend undeselopest

Gl and usdeveleped

1 Cﬂmphua! fons of PE
2 Sugery of
pulmonary hypercnsion

(‘3

1 Diagaosis of PE

2 Diagaosis of

venous tronboembolism

3 Anlysis and wetzbolism of

fibin ftrinogen degradation proccts






OPS/images/fmed-10-1052928-g004.jpg
B Postoperative Compications/prevention & control & Hypertension, Puimonary/eti

BPostoperative Compications/epdemiogy M Pumonary Emboism
B Venous Thrombosis/dagnostc maging

B Fbrnoytic Agents/admnistration & dosage B Hypertension, Pumonary/dagnosss
# Hypertension, Pumonary/surgery

8 Hypertension, Pumonary/dagnostc imaging

BArthropsty, Repbcement, Knee/adverse effects [ Pumonary Emboksm)/surgery
@ Vena Cava Fiters . SO B e # Hypertension, Pumonary/therapy
®Venous Thrombose/drug therapy

[Pumonary Artery/dagnostic maging

@ Venous Thromboembolsm/epdemiobgy S Sy

Venous Thiomboss/preventon & control . Pumonary Embolsm/etobgy . o
Ant ts/admiistrator
@ Venous Thrombosis/epidemiobgy R R Rl I . L oo Bnis/admhistiation & desage
2Venous Thromboss/therapy Anticoaguiants/therapeutic use Puimonary Embolsm)/dagnostc maging
2 Puimonary Artery/surgery

Puimorary Emboksmjdegnoss. (@) Pumonry Embokm/complcatons

@ Puimonary Embolsm)/prevention & control
@ Venous Thromboembolsm/prevention & control
(@ Pomeneny Emboism/drug theapy Pubnonary Embolsm/physiopathobogy

9 Venous Thromboembolsm/etobgy

®Venous Thrombosk/dagnosts I Computed Tomography Angiography/methods
B Venous Thrombosis/etoogy. Puimonary Embolsm/mortalty. = Tomography, X-Ray Computed/methods
18 Venous Thromboembolsm/dagnoss 31 COVID-19/compications. .
s b A
Venous Thromboemboksm/drug therapy [ Preumoni, Vial/compications et Tomosrsety dogamity

[ Neopasms/compkations B Pumonary Emboksm/bbod
& Fornoltic Agents/therapedtic use I Coronavius Infections/compkcations -+ pumonary Embolsmy/pathology

@ Thrombolytic Therapy/methods 8 Fibrin Fibrinogen Degradation Products/analyss
Fbrin Fibrinogen Degradation Products/metabolsm

‘ Node with highest centrality . Nodes highly co-oceur with other nodes [l Nodes co-occur with other nodes Bl Emerging nodes





OPS/images/fmed-10-1052928-t002.jpg
Centralization Mil Ma: Mean+SD
Degree 35.000 919.000 2735774203421
Betweenness 0.855 35884 1021249023

Closeness 33.000 50,000 40788+ 4.398





OPS/xhtml/Nav.xhtml




Contents





		Cover



		A bibliometric analysis of the theme trends and knowledge structures of pulmonary embolism from 2017 to 2021



		Introduction



		Materials and methods



		Data collection



		Data extraction and bibliographic matrix setup



		Biclustering analysis of high-frequency main MeSH terms/MeSH subheadings



		Strategic diagram analysis



		Social network analysis









		Results



		Distribution features of relevant literature



		Research hotspots concluded by MeSH term clusters



		Theme trends of PE



		Knowledge structure of PE









		Discussion



		Strengths and limitations



		Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References



















OPS/images/fmed-10-1052928-g001.jpg
Number of articles

Journal

1 1258

o 1108 1026 A
N

500-

2017 2018 2019 2020 2021

Year

Sci Rey
J Arthroplast
Int J Cardiol

Ghe:

4 Vase Surg Venous Lymphat Diso
Clin Respir

PLoS On

Clin App! Thromb Hemost

Thromb Haemos!

0 50
Number of Articles

100 150

Number of articles

80

60

40

43 4
PRy, 3030





OPS/images/fmed-10-1052928-g002.jpg
‘ﬁlustélH ’-m U' 1

dlusger 0 L“

o

T
A]uﬁt]er 2






OPS/images/cover.jpg
’ frontiers | Frontiers in Medicine

A bibliometric analysis of the
theme trends and knowledge
structures of pulmonary embolism
from 2017 to 2021












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
’ frontiers Frontiers in Medicine






