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Background: Research on the treatment of chronic rhinosinusitis (CRS) has increased in recent decades. We undertook a bibliometric and visualization analysis of studies on CRS treatment to track research trends and highlight current research “hotspots”.

Methods: Original publications related to CRS treatment were obtained from the Science Citation Index-Expanded (SCI-E) and Social Sciences Citation Index (SSCI) databases in the Web of Science Core Collection (WoSCC) of Clarivate Analytics between 2001 and 2020. The country/region, institution, author, journal, references, and keywords involved in this topic were extracted using CiteSpace and VOSviewer to identify and analyze the research focus and trends in this field.

Results: In the previous two decades (especially after 2015), the number of publications on CRS treatment has grown markedly. With regard to publications and access to collaborative networks, the leading country was the USA. High-frequency keywords were “CRS,” “endoscopic sinus surgery,” “sinusitis,” “nasal polyps,” “asthma,” “rhinosinusitis,” “management,” “diagnosis,” “outcomes,” and “quality of life.” Inspection of keyword bursts suggested that “clinical practice guideline,” “adult CRS,” “innate lymphoid cell,” “recurrence,” and “mepolizumab” are the emerging research hotspots. The timeline view of the cluster map revealed that biologic agents have become an up-and-coming “hot topic” in CRS treatment in recent years.

Conclusion: Academic understanding of CRS treatment has improved markedly over the past 20 years. We study analyzed the papers objectively, methodically, and comprehensively, and identified hotspots and prospective trends in the field of CRS treatment. These results will aid rhinologists in gaining greater insight into CRS treatment strategies and identifying the changing dynamics of CRS research.
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INTRODUCTION

Chronic rhinosinusitis (CRS) is a chronic inflammatory disease of the nose and paranasal sinuses lasting >12 weeks (1, 2). It is characterized primarily by chronic nasal obstruction, decreased olfaction, and facial discomfort (1). Large-scale epidemiological research has shown that CRS prevalence varies worldwide, reaching ≤8% in China, but >10% in the USA and Europe (2–4). Despite being readily treatable, CRS imposes social and economic burdens worldwide. CRS costs the USA billions of dollars in direct and indirect medical expenditures each year (5). In Europe, the direct costs for a CRS patient has been estimated to be 1,500 per year (6). The indirect costs of CRS are substantially lower than direct costs, such as missed workdays and reduced productivity at work, which increase the economic burden of the disease significantly (7).

Guidelines recommend diagnosing CRS based on sinus symptoms lasting ≥12 weeks and objective evidence of inflammation of the sinuses upon nasal endoscopy or computed tomography of paranasal sinuses because a diagnosis based on symptoms alone might be inaccurate (8). Academic understanding of CRS pathophysiology continues to evolve. Traditionally, CRS has been classified into two categories: CRS with nasal polyps (CRSwNP) and CRS without nasal polyps (CRSsNP). This classification obscures the underlying complex pathophysiologic mechanisms of CRS (9). CRS is a series of inflammatory conditions with varying degrees of overlap between non-type-2 inflammation and type-2 inflammation with eosinophilia (10).

Typically, the treatment strategy for CRS is combined primarily with reduction of mucosal inflammation, prevention of infection, and removal of mucus from the sinuses (11). Management options for CRS include endoscopic sinus surgery (ESS), antibiotics, nasal glucocorticoids, systemic corticosteroids, irrigations, and biologics (1, 12). Despite being treated with drugs and/or surgery, individuals with CRS frequently complain of symptom recurrence (13).

In recent years, numerous investigations on the immunological processes of CRS have revealed various novel endotypes that hold promise as biomarkers for targeted therapy of resistant CRS (14). The introduction of “precision medicine” to manage CRS is a step forward in delivering “tailored” therapy for all patients with CRS. During recent decades, scholars have made tremendous progress in understanding the epidemiology, diagnosis, pathophysiology, and treatment of CRS. Nevertheless, there is a scarcity of reports that synthesize different pieces of information that can aid researchers to acquire a comprehensive visual overview of research trends in CRS treatment.

Bibliometric analysis is a pioneering method used to evaluate quantitatively the impact of research literature on a selected research area over a given period, countries/regions, research collaboration, journals, institutions, and authors (15). Bibliometric analysis has emerged in various research domains (16). In contrast to traditional systematic reviews and meta-analyses, bibliometric analysis can reveal the current status and development of research topics more systematically and visually (17). Bibliometric analysis can also be used to identify current highlights and “hotspots” for researchers to generate ideas and perspectives to guide future research orientations in a particular field.

CiteSpace (http://cluster.cis.drexel.edu/~cchen/citespace) is java-based software for scientific mapping that visualizes and conceptualizes research fields as “scientific maps,” recognizes high citation, and recognizes and forecasts upcoming research trends (18). VOSviewer (www.vosviewer.com/) is novel software for building Internet-based “data maps” and visualizing and exploring them subsequently (19). VOSviewer and CiteSpace can reflect directly the development of a research field by presenting numerous data in the form of “knowledge maps,” including the productivity of authors and institutions, the geographical distribution of regions, and the results of collaborative relationships. Thus, VOSviewer and CiteSpace are used widely in applications in various fields (19, 20).

Studies providing an overview of treatment for CRS utilizing bibliometric and visualization methods to investigate the longitudinal and cross-sectional characteristics, trends, and multiple ramifications of this topic have not been published. Therefore, we endeavored to identify collaborative networks among authors, institutions and nations. We also aimed to explore key contributors to the field in the last 20 years, and identify potential hotspots and research trends from different perspectives. These analyses portrayed a “bottom–up” view with historical and prospective viewpoints. This strategy can bring new insights to scholars, helping them to draft and manage their scientific studies, and assist rhinologists in gaining a wide grasp of the macro- and micro- aspects of the entire domain of CRS knowledge.



MATERIALS AND METHODS


Sources of Data and Strategies for Searching

The bibliometric study was carried out using the Citation Index-Expanded (SCI-E) and Social Sciences Citation Index (SSCI) from the Web of Science Core Collection (WoSCC). The search terms were Topic = (“treatment” OR “therapy” OR “cure”) AND (chronic rhinosinusitis). We searched the WoSCC database extensively for relevant data between 2001 and 2020, and only original research articles and review articles were included. The only language allowed was English. Other document types and non-English articles were excluded. All data downloads and document searches were completed on 1 October 2021 to avoid a bias induced by regular updating of databases. The detailed search procedure is depicted in Figure 1. Two academics studied the data separately. Conflicts were settled by discussion or by enlisting the assistance of other specialists. We noted information on titles, abstracts, authors, institutions, countries, journals, references, and citations.


[image: Figure 1]
FIGURE 1. Flowchart showing our search strategy.




Bibliometric Analysis

WoSCC data were converted to text before being loaded into the analysis software. VOSviewer 1.6.16 (Leiden University, Leiden, the Netherlands), CiteSpace 5.8. R3, 64-bit (Drexel University, Philadelphia, PA, USA), and a bibliometric online analysis platform (http://bibliometric.com/) were used to locate co-cited articles, keywords, countries, institutions, journals, authors, and network features of “keyword bursts,” as well as to present the results visually. The Journal Citation Report 2020 included the H-index, impact factor, and category quartiles. We queried the H-index (which is considered an important indicator to determine the scientific impact of a journal), author or country (21).

We used CiteSpace to undertake a series of analyses of publications to find research hotspots in CRS therapy. This included incorporation of the publishing institution, co-cited references, and most relevant keywords. On the network visualization map we constructed, the nodes reflected the examined items, with bigger nodes representing items that occurred more often. In addition, we analyzed the centrality score using Citespace. The centrality score evaluates the relevance of network nodes, with greater centrality representing a more significant node (22).

VOSviewer can be used to create “scientific knowledge networks” that illustrate the evolution of research fields, institutional collaboration, and foreshadow future research hotspots. We utillzed VOSviewer to assess visually the co-occurrence of terms and to construct density maps. Co-occurrence analysis in VOSviewer can be employed to classify keywords into different “clusters” represented by different colors. The clustering analysis of study hotspots can be visualized, and the keyword co-occurrence network can forecast growing trends.




RESULTS


Annual Outputs and Growth Trends

A total of 3238 original articles on CRS therapy were published between 2001 and 2020. Research outputs linked to CRS therapy exhibited an overall rising trend from 2001 to 2020 (Figure 2A). The number of articles published by US scholars reached an all-time high in the past two decades (Figure 2B). The number of publications on CRS treatment has increased considerably since 2015, with >15-times as many published in 2020 as published in 2001. From 2015 to 2020, CRS research activity peaked, with 2,246 papers being published in 4 years, accounting collectively for 48.9% of the overall number of papers.


[image: Figure 2]
FIGURE 2. Trends in the number of publications (A) and the top-10 countries/regions (B) of CRS-treatment research from 2001 to 2020.




Distribution of Countries/Regions and Institutions

Figure 3A displays the country-collaboration network of research into CRS treatment. The top-10 contributing countries are shown in Table 1. Most publications came from the USA (1390), followed by China (242), the UK (230), Italy (202), and Australia (199). Among the top-10 countries, the USA was the most prolific producer of CRS research, publishing >40% of studies. The centrality score is a metric that assesses the significance of network nodes. Centrality analysis showed that the USA (0.61) was at the network core, followed by Canada (0.09), and Italy (0.03). Higher centrality in a collaborative network correlated to more frequent cooperation. The low density of the country-based research-network map indicated largely independent research teams, which underlined the need for further collaboration.


[image: Figure 3]
FIGURE 3. Co-operation of countries/regions (A) and institutions (B) contributing to publications on CRS-treatment research from 2001 to 2020.



Table 1. Ranking of top-10 countries that have published the most article on CRS-treatment research from 2001 to 2020.
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The institution-collaboration network (Figure 3B) revealed the top-10 institutions, including the USA institutions Harvard University (124), University of California system (124), Northwestern University (102), Oregon Health and Science University (101), and University of Pennsylvania (101) (Table 2). The universities with the highest centrality score were Harvard University (0.08), University of California system (0.05), and University of Adelaide (0.62).


Table 2. Ranking of top-10 institutions that have collaborated the most on CRS-treatment research from 2001 to 2020.
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Contributions of Authors

A visualization map of co-authorship can be used to identify research organizations with the greatest influence and potential collaborators, as well as to help researchers form collaborative ties. Authors with ≥5 publications and ≥500 citations were visualized using VOSviewer (Figure 4). Due to overlapping names, certain names may not be seen. Closed circles indicate “active” authors with close research partnerships.


[image: Figure 4]
FIGURE 4. Joint mapping of productive authors in CRS-treatment research from 2001 to 2020.


We discovered that 10,623 authors published articles on the topic of CRS from 2001 to 2020. Table 3 lists the top-10 most productive writers over the research period. T. L. Smith of Oregon Health and Science University (98 publications; 3,700 citations) had the most manuscripts published, followed by C. Bachert of Ghent University Hospital (81 publications; 6,469 citations). R. J. Schlosser of the Medical University of South Carolina ranked first in terms of the centrality score (0.10).


Table 3. Ranking of top-10 most-published authors on CRS-treatment research from 2001 to 2020.
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Journal Analyses

The features of the top-10 most active journals are shown in Table 4. Most of the publishers of these periodicals were located in the USA. The highest number of CRS-related articles was published by International Forum of Allergy & Rhinology, American Journal of Rhinology & Allergy, and Laryngoscope. Several high-impact-factor articles on CRS therapy were published in Journal of Allergy and Clinical Immunology. In addition, the highest average number of citations (94.76) and H-index (44) were achieved by Journal of Allergy and Clinical Immunology. The Journal Citation Report quartile Q1 included International Forum of Allergy & Rhinology, Rhinology, and Journal of Allergy and Clinical Immunology. Q2 contained American Journal of Rhinology & Allergy, European Archives of Oto-Rhino-Laryngology, Current Allergy and Asthma Reports, Otolaryngology-Head and Neck Surgery, and American Journal of Rhinology. Laryngoscope and Current Opinion in Otolaryngology & Head and Neck Surgery were ranked as Q3.


Table 4. Ranking of top-10 journals for the number of articles published on CRS-treatment research from 2001 to 2020.
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Cluster Analysis of Keyword Co-occurrence Related to Research Hotspots

VOSviewer was used to search the titles and abstracts of the 3,238 retrieved articles for keywords. The result was a map of 243 terms (a total of 8,373), each with ≥20 occurrences, which were grouped as five clusters (Figure 5A). In the map, the high-frequency keywords were “CRS” (1791), “ESS” (718), “sinusitis” (561), “nasal polyps” (541), “asthma” (525), “rhinosinusitis” (446), “management” (376), “diagnosis” (304), “outcomes” (295), and “quality-of-life” (289). The terms with similar research subjects were combined under the same catalog, with five main clusters: clinical features, pathogenesis, diagnosis, treatment, and pathophysiology of CRS.


[image: Figure 5]
FIGURE 5. Co-occurrence analysis of global research on CRS treatment based on the WoSCC database from 2001 to 2020. (A) Mapping of keywords in the research field. (B) Distribution of keywords according to the chronological order of appearance. (C) Distribution of keywords according to the mean frequency of appearance. (D) Keywords with the strongest citation bursts in CRS-treatment research.


The keyword distribution in terms of order of occurrence was seen using VOSviewer (Figure 5B). The number of times a keyword occurred was determined by the color of the area. Before 2010, most studies concentrated on the themes of “clinical characteristics” and “clinical treatment,” whereas the latest trends identified indicated that “precision medicine” and “phenotypes” might become future research emphases.

Meanwhile, VOSviewer was utilized to measure the frequency of keywords to calculate their density, which was presented as a density map (Figure 5C). The “warmer” the hue (toward yellow), the higher was the density. In a particular field, research hotspots tend to form in locations with higher grayscale values.



Detection of Keyword Bursts

Keyword bursts between 2001 and 2020 were detected on the basis of examination of 3,238 articles included in the WoSCC database (Figure 5D). The chronology is displayed by a blue line that cuts through a year. The burst period is shown by a red reflection line that marks the start year and finish year, as well as the timespan of the citation burst. We eliminated terms that had little or no research value so that we could focus on representing the research trends of CRS treatment. From 2001 to 2010, “rhinosinusitis” had the highest burst strength (21.81). Between 2011 and 2020, “recurrence” had the highest burst strength (21.81), followed by “adult CRS” (8.89) and “mepolizumab” (8.75).



Analyses of Co-cited References

From 3,238 articles, 59,440 cited references were submitted for analyses of co-citation correlation, and a cluster network map was created from the results. Figure 6A presents the visualized network of the co-cited articles, which has 53 nodes and 54 links. A referenced article is represented by each node. The links between nodes show the frequency with which the same article is quoted. The node diameter is proportional to the total number of co-citations of the article. The nodes (which have a thick purple ring around them) can be used to connect the stages of the growth of a field. An “explosion” of citations is shown by a red ring. Then, by creating a hierarchical order of the co-cited articles created in the co-citation network, research hotspots can be found.


[image: Figure 6]
FIGURE 6. Co-cited references map (A) and clustered network map of co-cited references (B) on CRS-treatment research from 2001 to 2020.


“Bi-directional delivery,” “fungi,” “health care,” “biologics risk factors,” “recommendations,” and “bacterial biofilm” were among the 11 key clusters of co-cited references (Figure 6B). The timeline view of the clustering plot is shown in Figure 7, which aids identification of emerging research hotspots in CRS treatment. The top-10 co-cited articles are listed in Table 5. The study by Hall-Stoodley et al. (23) had the most citations in Cellular Microbiology (653 citations), followed by Fokkens et al. (24) in Rhinology (558 citations), and Rosenfeld et al. (25) in Otolaryngology-Head and Neck Surgery (512 citations). Figure 8 shows the top-20 references with the strongest citation bursts. Most of the references with citation bursts were from publications on otorhinolaryngology or allergology, indicating that allergology is a popular topic in the treatment of CRS.


[image: Figure 7]
FIGURE 7. Timeline view of co-cited clusters with cluster labels.



Table 5. Top-10 most co-cited references on CRS-treatment research from 2001 to 2020.
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[image: Figure 8]
FIGURE 8. Top 20 references with the strongest citation bursts.


The distribution of links between journals is displayed in a dual-map overlay of journals, with citing journals on the left and cited journals on the right. The stated relationships are indicated by the colored routes connecting them. Five main citation paths are present in Figure 9: two gray paths, two green paths, and one orange path. Studies published in Molecular/Biology/Genetic and Health/Nursing/Medicine journals are, in general, mentioned by Dentistry/Dermatology/Surgery. The green path means that the studies published in Molecular/Biology/Genetic and Health/Nursing/Medicine journals are, in general, cited by Medicine/Medical/Clinical journals, as indicated by the green route. Studies published in Molecular/Biology/Genetics journals are cited for studies in Molecular/Biology/Immunology journals, as shown by the orange route.


[image: Figure 9]
FIGURE 9. The dual-map overlay of journals on CRS-treatment.





DISCUSSION

CRS is a widespread and challenging clinical issue. It has diverse phenotypes with different potential mechanisms that contribute to the persistence or recurrence of nasal polyps. The primary inflammatory patterns of CRS are believed to impact the clinical features and responses to pharmacological and surgical interventions (26). Despite the efficacy of available therapies, poor control of symptoms, frequent recurrence of nasal polyps postoperatively, and the side-effects associated with long-term corticosteroid use are critical concerns that should be addressed (27). Therefore, a general overview of current developments in global research of CRS treatment is required.

This was the first application of quantitative and qualitative bibliometric methods to CRS management. It involved 3,238 research papers retrieved from databases. We analyzed the bibliometric output of articles in the field of CRS therapy worldwide. We revealed the major research hotpots and trends between 2001 and 2020. Based on the growth curve, we speculate that increasing numbers of researchers are showing interest in CRS treatment. The latter remains a research hotspot, with the number of publications related to CRS treatment expected to keep increasing.

The USA leads the way by contributing >40% of papers in CRS treatment. Most of the top-10 institutions originate from the USA, which has stimulated advancement of research on CRS treatment. On the one hand, this trend reflects the mature environment of medical research and health in the USA but, on the other hand, it reflects an urgent demand for efficacious CRS treatments. Moreover, the USA had the highest centrality score and most active cooperation with other countries. Many publications were provided by South Korea, the UK, and Germany, but they might have fewer collaborations with other countries, as evidenced by their lower centrality score. We suggest that countries with a lower centrality score should strengthen international exchange and cooperation with other countries to establish a good partnership, particularly with the pioneering countries in CRS research, which will accelerate their progress in this field. Harvard University, University of California system, and Ghent University have the most collaborations with other institutions, which is a worthwhile lesson for those institutions that rarely interact with each other.

T. L. Smith had the most publications in the field of CRS therapy. C. Bachert, P. J. Wormald, Z. M. Soler, and R. J. Schlosser were the most productive authors in the past two decades. A distinct geographic pattern of global investigators in CRS treatment became evident. Most scholars were working in Europe and the USA, and these authors were working mainly in the otolaryngology departments of their university-affiliated hospital.

The journals with the maximum number of publications on CRS treatment were International Forum of Allergy & Rhinology, American Journal of Rhinology & Allergy, Laryngoscope, Rhinology, and European Archives of Oto-Rhino-Laryngology. These publications are world leaders in the field of otolaryngology and allergy. This trend suggests that journals specializing in rhinology and allergy are more attractive to scholars researching the treatment of CRS. It also reflects that CRS-treatment is a hot topic of research in rhinology and allergology. The top-10 co-cited references for the period 2001–2020 demonstrated that scholars were paying more attention to the clinical administration of CRS. Notably, the “2012 European Position Paper on Rhinitis and Nasal Polyps” published by Fokkens et al. was recognized as a treatment guideline by rhinologists worldwide. A dual-map overlay provides a macroscopic view of the evolution of research content at the discipline level In Figure 8, the dual-map overlay of journals indicates the disciplinary distribution of academic journals. Immunology, molecular, biology, and genetics are the fundamental and core subjects of CRS treatment. In consideration of the five major pathways in the map, research into CRS treatment has begun to translate major basic research into clinical studies.

The top-10 high-frequency keywords in co-occurrence cluster analyses demonstrated that the potential pathophysiological mechanism, optimal treatments, and outcome evaluation of multi-treatment regimens continue to be top topics. Burst keywords indicate emerging trends and research frontiers. Five frontiers of CRS research were identified: “clinical practice guideline” (2016–2020), “adult CRS” (2017–2020), “innate lymphoid cell” (2017–2020), “recurrence” (2018–2020), and “mepolizumab” (2018–2020).

During recent years, CRS recurrence has become a hotspot in the field of CRS treatment. CRS is a highly heterogeneous disease with complex pathophysiologic mechanisms. CRSwNP has been a focus of research in the field of rhinology due to its relatively severe clinical symptoms, poor therapeutic control, and high prevalence of postoperative recurrence. Although cure or control has been achieved in some CRSwNP patients, a proportion of patients require reoperation, and longer follow-up is accompanied by the higher risks of recurrence and reoperation. A meta-analysis of the efficacy of endoscopic procedures showed a reoperation prevalence of 19% in 34,220 patients in 45 studies. The reoperation prevalence increased to 23–29% if patients had comorbid asthma, a history of previous surgery, allergic fungal sinusitis, or aspirin-aggravated respiratory disease (28). One study in the USA reported a mean follow-up of 4.4 years in 338 patients and a reoperation prevalence of 25% (29). A recent multicenter study in Japan showed a mean follow-up of 3.3 years and a recurrence prevalence of 23% in patients with CRSwNP (30). In recent years, precision medicine has been recognized increasingly as a direction to optimize the care of CRS patients. Different phenotypes of CRS have been described based on the severity and duration of symptoms, atopy status, degree of control, comorbidities, and accompanying nasal polyps in CRS. Endotype-driven therapy is a key component of precision medicine, especially in patients with advanced uncontrolled disease (31). Monoclonal antibodies could be new therapy if patients with the phenotype and endotypes that will benefit most from these treatments can be identified (8).

In recent years, scholars have recognized the need for reliable biomarkers to provide predictive information about the diagnosis, endotype, treatment response, and risk of future recurrence of CRS. Driven by advances in basic research, various biomarkers of CRS have been explored. In terms of pathogenesis, CRSwNP biomarkers appear to fall into six primary categories: eosinophils, type-2 cytokines, immunoglobulins, remodeling factors, nasal nitric oxide (nNO), along with molecules involved in corticosteroid responsiveness and olfactory loss (32). Biomarkers of CRSwNP can be derived from various sources: nasal secretions, nasal biopsies, exhaled breath, and peripheral blood. Eosinophil counts in the nasal mucosa have proven particularly valuable for endotyping, assessing disease severity, as well as predicting responsiveness to corticosteroids and surgical outcomes (33). Blood eosinophilia may serve as a substitute for eosinophilic inflammation in tissue, but its utility is limited. Type-2 cytokines have been identified as potential therapeutic targets. Moreover, expression of matrix metalloproteinase-9 has been correlated with the quality of healing after sinus surgery (34). As a biomarker of eosinophilic inflammation in the upper airway, nNO appears to fill a gap in the non-invasive measurement of sinus ostial patency (35). Furthermore, recent data suggest involvement of some promising biomarkers in corticosteroid resistance and olfactory dysfunction (36). However, rigorous validation utilizing large cohort studies is necessary before these biomarkers can become mainstream in clinical practice.

Judging from the timeline of the cluster map, biologic agents have become an emerging focus in CRS treatment during recent years. Current treatments are struggling to control disease progression in intractable CRSwNP, so exploring novel therapeutic modalities is an urgent need. Recently, a series of biologic agents, monoclonal antibodies, have entered the field of CRSwNP treatment. They include mepolizumab, omalizumab, and dupilumab, and mainly target the effector products of type-2 inflammation (37). Academic organizations worldwide have published guidelines or expert consensuses on the treatment of CRSwNP with biologic agents (38–40). Clinical studies have shown that biologic agents can relieve nasal congestion by shrinking nasal polyps while enhancing olfaction and improving quality of life. It has been have reported that all three biologics, dupilumab, omalizumab, and mepolizumab, can reduce the size of nasal polyps and improved nasal symptoms, with dupilumab having the best efficacy and omalizumab and mepolizumab being equivalent, and all three having similar effects on improving quality of life (41, 42). These effects decrease use of oral glucocorticoids and need for reoperation, thereby providing new treatment for refractory CRSwNP (39, 40). However, application of biologic agents in the clinical setting for CRS treatment has three main limitations. First, biologic agents are not efficacious in all patients with CRS. Some studies have reported that the percentage of patients with CRS who respond to biologic therapy is 50–70% (41). Second, biologic agents mainly target the effector products of type-2 inflammation, and cannot be applied to CRSsNP (43). Furthermore, the high cost hampers the widespread application of biologics. Notably, biologics also have some potential side effects, and they require continuous use and a longer treatment course. Most commonly reported adverse events (AEs) for dupilumab were cough, bronchitis, arthralgia, and injection-site reactions, nasopharyngitis, headache, worsening of asthma, epistaxis, and injection-site erythema (44). AEs for mepolizumab with >5% incidence were oropharyngeal pain, back pain, influenza, and pyrexia (45). Randomized phase III trials showed that most common AEs for omalizumab were headache, injection-site reactions, arthralgia, dizziness, and upper abdominal pain (46).


Limitations

This is the first time that bibliometric analysis has been used for research into CRS treatment, but four limitations should be considered. First, continuous updating of the changes in the database might have led to variations between search results and the number of actual publications included. Second, considering that the WoSCC database is one of the most extensive and well-recognized global resources (17, 47), the information on these publications was only from WoSCC, so some publications from other databases may have been missed. Third, the omission of books/chapters/letters and the consideration of articles published in English alone may have led to some biases in our analyses. Fourth, when comparing countries of different sizes and populations, a per capita analysis was not considered, and this omission could have produced a research bias. Lastly, the wealth of different countries is a potential cause of research bias, as it would limit investment in health research. Nevertheless, we believe that this bibliometric analysis presents the overall situation and general trend in CRS treatment. This visualization-based analysis of publications has laid the foundation for researchers to understand rapidly the hotspots and trends in CRS-treatment research.




CONCLUSION

This bibliometric study analyzed publications on CRS treatment worldwide. Throughout the past two decades, the number of publications in the field of CRS treatment has increased year-by-year. This field has also stimulated a great deal of scholarly interest, and will remain a hotspot in the future. Articles published in journals specializing in rhinology and allergy received more attention than generalist journals. The USA contributed >40% of CRS publications worldwide, which has contributed significantly to the development of the field. Therefore, collaboration between countries, institutions, and research teams should be strengthened. CRS recurrence and use of biologic agents are the research hotspots in the field of CRS treatment.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



AUTHOR CONTRIBUTIONS

FZ and GY conceived the study. FZ, TZ, and YJ collected the data. FZ and YM re-examined the data. FZ, ZX, and MZ analyzed the data. FZ wrote the manuscript. GY and TZ reviewed and revised the manuscript. All authors contributed to the article and approved the submitted version.



FUNDING

This work was supported by the Science and Technology Foundation of Guizhou Province (D2011160), National Natural Science Foundation Cultivation Project of Affiliated Hospital of Guizhou Medical University (gyfynsfc [2020]-7), and Science and Technology Fund Project of Guizhou Provincial Health Commission (gzwkj2022-155).



REFERENCES

 1. Fokkens WJ, Lund VJ, Hopkins C, Hellings PW, Kern R, Reitsma S, et al. european position paper on rhinosinusitis and nasal polyps 2020. Rhinology. (2020) 58(Suppl. S29): 82–111. doi: 10.4193/Rhin20.601

 2. Hirsch AG, Stewart WF, Sundaresan AS, Tan BK, Schleimer RP, Kern RC, et al. Nasal and sinus symptoms and chronic rhinosinusitis in a population-based sample. Allergy. (2017) 72:274–81. doi: 10.1111/all.13042

 3. Hastan D, Fokkens WJ, Bachert C, Newson RB, Bislimovska J, Bockelbrink A, et al. Chronic rhinosinusitis in Europe–an underestimated disease. A GALEN study. Allergy. (2011) 66:1216–23. doi: 10.1111/j.1398-9995.2011.02646.x

 4. Shi JB, Fu QL, Zhang H, Cheng L, Wang YJ, Zhu DD, et al. Epidemiology of chronic rhinosinusitis: results from a cross-sectional survey in seven Chinese cities. Allergy. (2015) 70:533–9. doi: 10.1111/all.12577

 5. Smith KA, Alt JA. The relationship of chronic rhinosinusitis and depression. Curr Opin Otolaryngol Head Neck Surg. (2020) 28:1–5. doi: 10.1097/MOO.0000000000000595

 6. Benninger MS, Ferguson BJ, Hadley JA, Hamilos DL, Jacobs M, Kennedy DW, et al. Adult chronic rhinosinusitis: definitions, diagnosis, epidemiology, and pathophysiology. Otolaryngol Head Neck Surg. (2003) 129:S1–32. doi: 10.1016/S0194-5998(03)01397-4

 7. Hashiba M. Clinical efficacy of long-term macrolides therapy for chronic sinusitis- Comparison between erythromycin and clarithromycin. Practica Otologica. (1997) 90:717–27. doi: 10.5631/jibirin.90.717 

 8. Avdeeva K, Fokkens W. Precision Medicine in chronic rhinosinusitis with nasal polyps. Curr Allergy Asthma Rep. (2018) 18:25. doi: 10.1007/s11882-018-0776-8

 9. Kuiper JR, Hirsch AG, Bandeen-Roche K, Sundaresan AS, Tan BK, Schleimer RP, et al. Prevalence, severity, and risk factors for acute exacerbations of nasal and sinus symptoms by chronic rhinosinusitis status. Allergy. (2018) 73:1244–53. doi: 10.1111/all.13409

 10. Xu X, Ong YK, Wang Y. Novel findings in immunopathophysiology of chronic rhinosinusitis and their role in a model of precision medicine. Allergy. (2020) 75:769–80. doi: 10.1111/all.14044

 11. Ghogomu N, Kern R. Chronic rhinosinusitis: the rationale for current treatments. Expert Rev Clin Immunol. (2017) 13:259–70. doi: 10.1080/1744666X.2016.1220833

 12. Mullol J, Obando A, Pujols L, Alobid I. Corticosteroid treatment in chronic rhinosinusitis: the possibilities and the limits. Immunol Allergy Clin North Am. (2009) 29:657–68. doi: 10.1016/j.iac.2009.07.001

 13. Laidlaw TM, Mullol J, Woessner KM, Amin N, Mannent LP. Chronic rhinosinusitis with nasal polyps and asthma. J Allergy Clin Immunol Pract. (2021) 9:1133–41. doi: 10.1016/j.jaip.2020.09.063

 14. Workman AD, Kohanski MA, Cohen NA. Biomarkers in chronic rhinosinusitis with nasal polyps. Immunol Allergy Clin North Am. (2018) 38:679–92. doi: 10.1016/j.iac.2018.06.006

 15. Oelrich B, Peters R, Jung K. A bibliometric evaluation of publications in urological journals among European Union countries between 2000-2005. Eur Urol. (2007) 52:1238–48. doi: 10.1016/j.eururo.2007.06.050

 16. Bornmann L, Leydesdorff L. Scientometrics in a changing research landscape: bibliometrics has become an integral part of research quality evaluation and has been changing the practice of research. EMBO Rep. (2014) 15:1228–32. doi: 10.15252/embr.201439608

 17. You Y, Wang D, Wang Y, Li Z, Ma X. A bird's-eye view of exercise intervention in treating depression among teenagers in the last 20 years: a bibliometric study and visualization analysis. Front Psychiatry. (2021) 12:661108. doi: 10.3389/fpsyt.2021.661108

 18. Chen C, Hu Z, Liu S, Tseng H. Emerging trends in regenerative medicine: a scientometric analysis in CiteSpace. Expert Opin Biol Ther. (2012) 12:593–608. doi: 10.1517/14712598.2012.674507

 19. Kim HJ, Yoon DY, Kim ES, Lee K, Bae JS, Lee JH. The 100 most-cited articles in neuroimaging: a bibliometric analysis. Neuroimage. (2016) 139:149–56. doi: 10.1016/j.neuroimage.2016.06.029

 20. Liu S, Sun YP, Gao XL, Sui Y. Knowledge domain and emerging trends in Alzheimer's disease: a scientometric review based on CiteSpace analysis. Neural Regen Res. (2019) 14:1643–50. doi: 10.4103/1673-5374.255995

 21. Monir RL, Satcher KG, Motaparthi K, Sui Y. Publication productivity (H-Index) among pediatric dermatologists in the United States. Pediatr Dermatol. (2020) 37:1094–7. doi: 10.1111/pde.14343

 22. Liang YD, Li Y, Zhao J, Wang XY, Zhu HZ, Chen XH. Study of acupuncture for low back pain in recent 20 years: a bibliometric analysis via CiteSpace. J Pain Res. (2017) 10:951–64. doi: 10.2147/JPR.S132808

 23. Hall-Stoodley L, Stoodley P. Evolving concepts in biofilm infections. Cell Microbiol. (2009) 11:1034–43. doi: 10.1111/j.1462-5822.2009.01323.x

 24. Fokkens WJ, Lund VJ, Mullol J, Bachert C, Alobid I, Baroody F, et al. European position paper on rhinosinusitis and nasal polyps 2012. Rhinol Suppl. (2012) 23:1–298.

 25. Rosenfeld RM, Piccirillo JF, Chandrasekhar SS, Brook I, Ashok Kumar K, Kramper M, et al. Clinical practice guideline (update): adult sinusitis. Otolaryngol Head Neck Surg. (2015) 152(2 Suppl):S1–39. doi: 10.1177/0194599815572097

 26. Zhang L, Zhang Y, Gao Y, Wang K, Lou H, Meng Y, et al. Long-term outcomes of different endoscopic sinus surgery in recurrent chronic rhinosinusitis with nasal polyps and asthma. Rhinology. (2020) 58:126–35. doi: 10.4193/Rhin19.184

 27. Lange B, Holst R, Thilsing T, Baelum J, Kjeldsen A. Quality of life and associated factors in persons with chronic rhinosinusitis in the general population: a prospective questionnaire and clinical cross-sectional study. Clin Otolaryngol. (2013) 38:474–80. doi: 10.1111/coa.12189

 28. Loftus CA, Soler ZM, Koochakzadeh S, Desiato VM, Yoo F, Nguyen SA, et al. Revision surgery rates in chronic rhinosinusitis with nasal polyps: meta-analysis of risk factors. Int Forum Allergy Rhinol. (2020) 10:199–207. doi: 10.1002/alr.22487

 29. Loftus CA, Soler ZM, Desiato VM, Koochakzadeh S, Yoo F, Storck KA, et al. Factors impacting revision surgery in patients with chronic rhinosinusitis with nasal polyposis. Int Forum Allergy Rhinol. (2020) 10:289–302. doi: 10.1002/alr.22505

 30. Oka A, Ninomiya T, Fujiwara T, Takao S, Sato Y, Gion Y, et al. Serum IgG4 as a biomarker reflecting pathophysiology and post-operative recurrence in chronic rhinosinusitis. Allergol Int. (2020) 69:417–23. doi: 10.1016/j.alit.2019.12.004

 31. Hellings PW, Fokkens WJ, Bachert C, Akdis CA, Bieber T, Agache I, et al. Positioning the principles of precision medicine in care pathways for allergic rhinitis and chronic rhinosinusitis - A EUFOREA-ARIA-EPOS-AIRWAYS ICP statement. Allergy. (2017) 72:1297–305. doi: 10.1111/all.13162

 32. Yao Y, Xie S, Yang C, Zhang J, Wu X, Sun H. Biomarkers in the evaluation and management of chronic rhinosinusitis with nasal polyposis. Eur Arch Otorhinolaryngol. (2017) 274:3559–66. doi: 10.1007/s00405-017-4547-2

 33. Snidvongs K, Lam M, Sacks R, Earls P, Kalish L, Phillips PS, et al. Structured histopathology profiling of chronic rhinosinusitis in routine practice. Int Forum Allergy Rhinol. (2012) 2:376–85. doi: 10.1002/alr.21032

 34. Watelet JB, Demetter P, Claeys C, Van Cauwenberge P, Cuvelier C, Bachert C. Neutrophil-derived metalloproteinase-9 predicts healing quality after sinus surgery. Laryngoscope. (2005) 115:56–61. doi: 10.1097/01.mlg.0000150674.30237.3f

 35. Jeong JH, Yoo HS, Lee SH, Kim KR, Yoon HJ, Kim SH. Nasal and exhaled nitric oxide in chronic rhinosinusitis with polyps. Am J Rhinol Allergy. (2014) 28:11–6. doi: 10.2500/ajra.2014.28.3984

 36. Tsybikov NN, Egorova EV, Kuznik BI, Fefelova EV, Magen E. Neuron-specific enolase in nasal secretions as a novel biomarker of olfactory dysfunction in chronic rhinosinusitis. Am J Rhinol Allergy. (2016) 30:65–9. doi: 10.2500/ajra.2016.30.4264

 37. Laidlaw TM, Buchheit KM. Biologics in chronic rhinosinusitis with nasal polyposis. Ann Allergy Asthma Immunol. (2020) 124:326–32. doi: 10.1016/j.anai.2019.12.001

 38. Hopkins C, McKenzie JL, Anari S, Carrie S, Ramakrishnan Y, Kara N, et al. British rhinological society consensus guidance on the use of biological therapies for chronic rhinosinusitis with nasal polyps. Clin Otolaryngol. (2021) 46:1037–43. doi: 10.1111/coa.13779

 39. Thamboo A, Kilty S, Witterick I, Chan Y, Chin CJ, Janjua A, et al. Canadian rhinology working group consensus statement: biologic therapies for chronic rhinosinusitis. J Otolaryngol Head Neck Surg. (2021) 50:15. doi: 10.1186/s40463-021-00493-2

 40. Bachert C, Han JK, Wagenmann M, Hosemann W, Lee SE, Backer V, et al. EUFOREA expert board meeting on uncontrolled severe chronic rhinosinusitis with nasal polyps (CRSwNP) and biologics: definitions and management. J Allergy Clin Immunol. (2021) 147:29–36. doi: 10.1016/j.jaci.2020.11.013

 41. Chong LY, Piromchai P, Sharp S, Snidvongs K, Philpott C, Hopkins C, et al. Biologics for chronic rhinosinusitis. Cochrane Database Syst Rev. (2020) 2:CD013513. doi: 10.1002/14651858.CD013513.pub2

 42. Brusselle GG, Gevaert P. Mepolizumab for chronic rhinosinusitis with nasal polyps. Lancet Respir Med. (2021) 9:1081–2. doi: 10.1016/S2213-2600(21)00133-8

 43. Fokkens WJ, Lund V, Bachert C, Mullol J, Bjermer L, Bousquet J, et al. EUFOREA consensus on biologics for CRSwNP with or without asthma. Allergy. (2019) 74:2312–9. doi: 10.1111/all.13875

 44. Bachert C, Han JK, Desrosiers M, Hellings PW, Amin N, Lee SE, et al. Efficacy and safety of dupilumab in patients with severe chronic rhinosinusitis with nasal polyps (LIBERTY NP SINUS-24 and LIBERTY NP SINUS-52): results from two multicentre, randomised, double-blind, placebo-controlled, parallel-group phase 3 trials. Lancet. (2019) 394:1638–50. doi: 10.1016/S0140-6736(19)31881-1

 45. Bachert C, Sousa AR, Lund VJ, Scadding GK, Gevaert P, Nasser S, et al. Reduced need for surgery in severe nasal polyposis with mepolizumab: randomized trial. J Allergy Clin Immunol. (2017) 140:1024–31. doi: 10.1016/j.jaci.2017.05.044

 46. Gevaert P, Omachi TA, Corren J, Mullol J, Han J, Lee SE, et al. Efficacy and safety of omalizumab in nasal polyposis: 2 randomized phase 3 trials. J Allergy Clin Immunol. (2020) 146:595–605. doi: 10.1016/j.jaci.2020.05.032

 47. Dong Q, Liang Q, Chen Y, Li J, Lu L, Huang X, et al. Bibliometric and visual analysis of vascular calcification research. Front Pharmacol. (2021) 12:690392. doi: 10.3389/fphar.2021.690392

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.

Copyright © 2022 Zhou, Zhang, Jin, Ma, Xian, Zeng and Yu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fsurg-09-851923-t004.jpg
Rank Journal Article Country Journal Impact factor  Total number Mean number H-index

count citation (2020) of citations  of citations
reports (2020)
1 International Forum of Allergy & Rhinology 351 USA at 3.858 7,299 20.79 40
2 American Journal of Rhinology & Allergy 270 USA @ 2467 4,649 17.22 36
3 Laryngoscope 179 USA Q3 3325 6,089 3091 42
4 Rhinclogy 144 Netherlands at 3681 4,062 28.21 33
5 European Archives of Oto-Rhino-Laryngology 110 Germany Q2 2508 1,397 12.70 21
6 Current Allergy And Asthma Reports 99 USA Q@2 4806 1,657 16.74 23
7 Otolaryngology-Head And Neck Surgery 8 USA @2 3.497 3,636 4085 30
8 Journal of Allergy And Ciinical Immunology 74 USA at 10.793 7012 94.76 44
9 Current Opinion in Otolaryngology & Headand 69 USA Q3 2064 1,035 15.00 20

Neck Surgery
10 American Journal of Rhinology 68 USA Q2 3.467 2,782 4091 32





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Developments and Emerging Trends in the Global Treatment of Chronic Rhinosinusitis From 2001 to 2020: A Systematic Bibliometric Analysis



		Introduction



		Materials and Methods



		Sources of Data and Strategies for Searching



		Bibliometric Analysis







		Results



		Annual Outputs and Growth Trends



		Distribution of Countries/Regions and Institutions



		Contributions of Authors



		Journal Analyses



		Cluster Analysis of Keyword Co-occurrence Related to Research Hotspots



		Detection of Keyword Bursts



		Analyses of Co-cited References







		Discussion



		Limitations







		Conclusion



		Data Availability Statement



		Author Contributions



		Funding



		References

















OPS/images/fsurg-09-851923-t003.jpg
Rank Author Article count Centrality score Total number Average number H-index

of citations of citations
1 Smith TL 98 0.01 3,700 37.76 35
2 Bachert C 81 0.04 6,469 79.86 43
3 Wormald PJ I 0.03 3,084 39.04 31
4 Soler ZM 68 0.01 2,124 31.24 28
5 Schlosser RJ 62 0.10 2,201 36.95 26
6 Mace JC 57 0.03 1,832 32.14 22
7 Rudmik L 54 0.02 2,499 46.28 28
8 Mullol J 52 0.03 3,845 73.94 28
9 Fokkens WJ 51 0.06 3,536 69.31 33
10 Hopkins C 51 0.01 2,742 53.76 25





OPS/images/fsurg-09-851923-t005.jpg
Rank

Title

Evolving concepts in biofim
infections

European position paper on
thinosinusitis and nasal polyps.
2012

Clinical Practice Guideline
(Update): Adult Sinusitis
International Consensus
Statement on Allergy and
Rhinology: Rhinosinusitis

Cystic fibrosis genetics: from
molecular understanding to
clinical application

Alergic bronchopulmonary
aspergilosis: review of literature
and proposal of new diagnostic
and classification criteria

Effect of Subcutaneous
Dupilumab on Nasal Polyp
Burden in Patients With Chronic
Sinusitis and Nasal Polyposis A
Randomized Clinical Trial
Endotypes and phenotypes of
chronic rhinosinusits: A
PRACTALL document of the
European Academy of Allergy
and Clinical Immunology and the
American Academy of Allergy,
Asthma & Immunology
Aspirin-induced asthma:
Advances in pathogenesis,
diagnosis, and management
Mepolizumab, a humanized
anti-IL-5 mAb, s a treatment
option for severe nasal polyposis

Author
Hall-Stoodley L

Fokkens WJ

Rosenfeld RM

Orlandi RR

Cutting GR

Agarwal R

Bachert C

Akdis CA

Szezeklik A

Gevaert P

Year

2009

2012

2015

2016

2015

2013

2016

2013

2003

2011

Journal

Cellular Microbiology

Rhinology

Otolaryngology-Head And Neck Surgery

International Forum of Allergy & Rhinology

Nature Reviews Genetics

Cinical And Experimental Allergy

Jama-Journal of The American Medical Association

Journal of Allergy And Ciinical Immunology

Journal of Allergy And Clinical Immunology

Journal of Allergy And Ciinical Immunology

Citation frequency

653

558

512

468

433

430

410

366

366

322





OPS/images/fsurg-09-851923-t002.jpg
Rank Article count Centrality score Institution Country

1 124 0.08 Harvard University USA

2 124 0.05 University of California system UsA

3 102 0.00 Northwestern University USA

4 101 0.03 Oregon Health and Science University UsA

5 101 0.02 University of Pennsylvania USsA

6 100 0.05 Ghent University Belgium
7 % 0.00 Medical University of South Carolina USsA

8 88 0.05 University of Adelaide Australia
9 88 0.01 University of London UK

10 87 0.02 Feinberg School of Medicine USA





OPS/images/fsurg-09-851923-t001.jpg
Rank Article counts Centrality score Country

1 1,390 061 USA

2 242 0.00 China

3 230 0.00 UK

4 202 0.03 Italy

5 199 0.03 Australia

6 182 0.09 Canada

7 169 0.00 South Korea
8 139 0.00 Germany

9 136 0.00 Belgium

10 126 0.00 Japan









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Surgery





OPS/images/fsurg-09-851923-g005.gif
Ton 20 Kepmrts i e ot Clto ot






OPS/images/fsurg-09-851923-g006.gif





OPS/images/fsurg-09-851923-g003.gif
W‘““ i
I s

TN

’”/m\\






OPS/images/fsurg-09-851923-g004.gif
von buchiald, chisian.

F e
K simaagen -
oo Giesaishars "“‘“‘"!'""“‘
apongtuniong
i, dae woo





OPS/images/fsurg-09-851923-g009.gif





OPS/images/fsurg-09-851923-g007.gif
s

. L rrwepe

T M i Ao
[
gt s e





OPS/images/fsurg-09-851923-g008.gif
R 20 Melloremcrs Wik How Srongens Coiation Thaoss

[ ——— o
P————————— e e —

. LY DR 0, S8 10
YN B L GO0 08
o 50, LY AN AN IS B S 8

4 TIOR3 5 O SR S0

ey, D8 055 1 50 1 n
[ ————

e, 14 LY BN WP DL SN 6
remrpmpteprmytp———————

i

BEEBEEENAE





OPS/images/cover.jpg
@ frontiers | Frontiers in surgery

Developments and Emerging Trends
in the Global Treatment of Chronic
Rhinosinusitis From 2001 to 2020: A
Systematic Bibliometric Analysis





OPS/images/fsurg-09-851923-g001.gif
Records indentified through Web of Science Core Collection
“Topie={(treatment” OR “therapy” OR “cure”) AND (*chronic hinosius
period 2001-2020, Alllanguages: Al document types (n=3494)

W Seareh

Excluded
131 non-English lerature

3363 lneraure were denified

25 Tierature (including|
Excluded meeting abstracts.

proceedings papers, edioril
materals,lters, corections,
carly aceess, book chapters.
news lems, reprnts)

3238 iteraure were identified






OPS/images/fsurg-09-851923-g002.gif
Nomber of publications.

Publication years

" publication years.






