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Background

Neuromyelitis optica spectrum disorder (NMOSD) is a demyelinating syndrome of the central nervous system. A tremendous amount of literature on NMOSD has been published. This study aimed to perform a bibliometric analysis of the publications on NMOSD and show its hotspots and development trends.





Methods

We used the Web of Science Core Collection as a database and searched the literature published between 2002 and 2022. CiteSpace, VOSviewer, online bibliometric platform, and R-bibliometrix were used to conduct bibliometric analysis and network visualization, including the number of publications, citations, countries/regions, institutions, journals, authors, references, and keywords.





Results

A total of 3,057 publications on NMOSD were published in 198 journals by 200 authors at 200 institutions from 93 countries/regions. The United States published the most literature and made great contributions to this field. The Mayo Clinic was the institution with the largest number of publications. The journal with the most publications was Multiple Sclerosis and Related Disorders, and the most co-cited journal was Neurology. The author with the most publications was Fujihara, K., while the most frequently co-cited author was Wingerchuk, DM. The current research hotspots may be focused on “efficacy,” “multicenter,” “interleukin-6 receptor blockade,” “safety,” “azathioprine,” “tolerance,” and “adult”.





Conclusion

This study was the first bibliometric analysis of publications on the NMOSD field, visualizing its bibliometric characteristics and gaining insight into the direction, hotspots, and development of global NMOSD research, which may provide helpful information for researchers. Future research hotspots might be conducting randomized controlled trials on targeted immunotherapy in the NMOSD field. 
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Introduction

Neuromyelitis optica spectrum disorder (NMOSD) is a central nervous system (CNS) autoimmune inflammatory demyelinating disease characterized by recurrent episodes of acute optic neuritis and transverse myelitis (1). The global annual incidence of NMOSD was estimated at 0.037-0.37 per 100,000 person-year, and the global prevalence was 0.7-10.0 per 100,000 persons (2). For almost a century, neuromyelitis optica (NMO) was considered a variant of multiple sclerosis (MS) that spared the brain (3). It is considered a monophasic disease with bilateral optic neuritis and transverse myelitis, but relapsing cases have been reported in the 20th century (4). A breakthrough was the discovery that the majority of patients with NMO had detectable serum antibodies to aquaporin 4 (AQP4) that were not detected in MS. It is highly specific for clinical diagnosis and has proven NMO to be a distinct disease with a chronic, relapsing course (5, 6). More than 80% of patients with NMOSD have AQP4-IgG autoantibodies (7, 8). NMOSD manifests clinically with six core symptoms, which were classified by their location: optic neuritis, transverse myelitis, area postrema syndrome, brain-stem syndrome, cerebral syndrome, and symptomatic narcolepsy or acute diencephalic clinical syndrome. In 2015, the international NMO diagnostic panel revised a new international diagnostic standard for NMOSD (9). The onset of NMOSD typically reaches its worst within a few days, often leaving a moderate to severe and permanent disability (10). Current treatment options for NMOSD include acute relapse treatment with intravenous glucocorticoids and preventive immunotherapy with a variety of non-specific immunosuppressants and targeted biological agents (11). With the rapid advancement of the NMOSD research field, the randomized controlled trials (RCT) of targeted biological agents in NMOSD have obtained positive results (12–14), which have been approved for AQP4-NMOSD, including eculizumab, inebilizumab, and satralizumab.

Bibliometric analysis has been recently used as a quantitative analysis method for scientific research evolution (15). In addition, it can be used to identify hotspots and emerging trends in a specific field (16). With the evolution and broadening of the concept of NMOSD and the accumulated new data, there have been a growing number of publications about NMOSD. However, as far as we know, there is no bibliometric analysis on this topic. Our research aims to provide an overview of NMOSD over the past two decades with the purpose of assisting researchers, especially beginners, in understanding the field more quickly and effectively.





Methods




Data source and search strategy

In the present study, we chose publications indexed in the Web of Science Core Collection (WoSCC) database, which is one of the most common databases used for bibliometric analysis (17). WoSCC, originating from Clarivate Analytics, has more than 12,000 international academic journals and is one of the most authoritative and comprehensive databases (18). The search strategy was as follows: TI = (neuromyelitis optica spectrum disorders OR neuromyelitis optica spectrum disorder OR neuromyelitis optica spectrum disease OR neuromyelitis optica spectrum diseases OR optica neuromyelitis spectrum disease OR neuromyelitis optica OR devic disease OR NMO OR NMOSD) OR AK = (neuromyelitis optica spectrum disorders OR neuromyelitis optica spectrum disorder OR neuromyelitis optica spectrum disease OR neuromyelitis optica spectrum diseases OR optica neuromyelitis spectrum disease OR devic disease OR NMO OR NMOSD). The retrieval time was from 1 January 2022 to 13 October 2022. At the same time, we limited the document types to “article” and “review”. We restricted the search to the English language. The flowchart for the selection of publications is shown in Figure 1.




Figure 1 | Flowchart of the literature search and screening in the study.







Data extraction and analysis

The data were extracted independently by two authors (YS and ZR). Full records and cited references of all the documents in the WoSCC were downloaded in txt or BibTeX format and then imported to CiteSpace 6.1.R3, 64 bits (Drexel University, Philadelphia, PA, USA), Microsoft Excel 365, VOSviewer 1.6.18 (Leiden University, The Netherlands), or R (Version 4.0.2), according to the software required for data analysis and visualization. CiteSpace was used to analyze the strongest citation bursts of references and keywords, investigate the research status, identify hotspots, and determine the development trend (19). VOSviewer was used to analyze the collaborative networks between countries, institutions, journals, and authors, reference co-citation, and keyword overlay visualization. Microsoft Excel 365 was used to analyze the trends of annual publications and the citations of the publications. The Biblioshiny packages in R were used to conduct collaboration network analysis among countries and the annual change pattern of journals. The https://bibliometric.com/ was used to analyze the changing trend of the annual publication quantity in the top 10 countries/regions and the geographic distribution map of different countries/regions. Each node represents a different parameter, including country, institution, keyword, etc. The parameter weight determines the size of the node. The heavier the weight, the bigger the node. Nodes and lines are colored according to the cluster they belong to. The distance between any two circles indicates the relatedness of their co-authorship and co-citation links, and the thickness of the connecting line indicates the strength of the link.





Research ethics

Ethical approval was not required because no patients or animals were included in this study.






Results




The annual growth trend of publications

A total of 3,057 publications on NMOSD, including 2,553 articles and 504 reviews, were retrieved from the WOSCC database on 13 October 2022. It was found that the overall trend of the number of published articles significantly increased from 2002 to 2022, especially in the last two years, indicating that the research on NMOSD has increasingly attracted scholars’ attention. The number of publications reached a peak in 2021, with a total of 388 articles and 13,349 citations (Figure 2). The total number of citations and the number of citations after the removal of self-citations were 89,131 and 39,875, respectively, and the average citation frequency of the publications was 29.19 times. The H index of the academic field was 124 from 2002 to 2022.




Figure 2 | The annual publications and citations of NMOSD articles from 2002 to 2022.







Distribution of countries/regions and institutions

Table 1 shows the top 10 most prolific countries and institutions in the field related to NMOSD, along with their number of publications (NP), the total number of citations (NC), the average number of citations (AC), and the H-index. Among these countries, the United States (USA) published the most papers (n = 728, 23.81%) and had the most citations (31,808), followed by China (n = 663, 21.69%) and Japan (n = 415, 13.58%). It is noteworthy that of the top 10 productive countries, the NC and AC of China were relatively low even though China ranks second in the NP. Figure 3A shows the annual number of publications of the top 10 most productive countries/regions, showing that the number of publications in the field of NMOSD has grown fast. To study the cooperation between different countries, we used the Biblioshiny packages to analyze the data and conduct visualizations. Figure 3B shows that the map of cooperation among different countries/regions is complex. As shown in Figure 3C, the international collaboration map among countries/regions indicates that the USA collaborated most closely with Germany and China. The citation relationship between countries was analyzed by VOSviewer (Figure 3D). Only countries/regions with a minimum number of 30 publications were included. Of the 24 countries and regions that met this threshold, the top 5 with the largest TLS ranked as follows: the USA (Total Link Strength = 42,257), Germany (TLS = 26,351), Japan (TLS = 22,574), China (TLS = 21,679), and England (TLS = 19,326). Table 1 summarizes the top 10 most influential institutions. The institutions with the highest NP values were the Mayo Clinic (NP = 167), followed by Tohoku University (NP = 164), and the University of California System (NP = 148). The most significant AC scores were from the Mayo Clinic (AC = 125.52), Tohoku University (AC = 78.3), and the University of Oxford (AC = 77.18). The distribution of the top 10 institutions was as follows: three institutions in the United States and three institutions in Germany. The citation relationship between institutions was analyzed by VOSviewer (Figure 4). Only countries/regions with a minimum number of 30 publications were included. Of the 39 countries/regions that met this threshold, the top 5 with the largest TLS ranked as follows: the Mayo Clinic (TLS = 11,804), Tohoku University (TLS = 8,913), Charité Berlin University of Medicine (TLS = 7,114), Oxford University (TLS = 6,056), and Heidelberg University (TLS = 5,542).


Table 1 | The top 10 countries/regions and institutions contributing to neuromyelitis optica spectrum disorder research.






Figure 3 | (A) The changing trend of the annual publication quantity in the top 10 countries/regions from 2002 to 2022; (B) Geographic distribution map of different countries/regions in the NMOSD field; (C) The international collaboration visualization map of countries/regions; (D) Network visualization showing the relationship between countries.






Figure 4 | The network visualization of the citation analysis of the institutions.







Authors and co-cited authors

A total of 200 authors participated in the publication of NMOSD articles. Table 2 shows the top 10 most productive authors and co-cited authors who contributed to NMOSD. Fujihara, K was the most productive author, with 117 articles and 8,573 citations. The author with the most citations was Weinshenker, BG (16,250 citations), followed by Pittock, SJ (11,068 citations). Wingerchuk, DM, was the most co-cited author, with 2,549 citations, and he also had the highest centrality (0.04). The minimum number of author publications was set at 35, and 24 authors were selected for author co-authorship analysis using the VOSviewer. The co-authorship analysis (Figure 5A) showed that the authors were divided into five clusters. The red cluster (nine authors) was the largest co-authorship cluster. We also performed the author citation analysis using the VOSviewer software. The overlay visualization (Figure 5B) shows that the authors Lucchinetti, CF, Weinshenker, BG, Wingerchuk, DM, and Hu Xueqiang appeared were connected with the studies published during the earlier years of the range we used, while Levy, Michael, Marignier, Romain and Shi Fudong were the emerging authors in the studies published in recent years. The top three authors with the largest TLS were Fujihara, K (TLS = 4732), Paul, F (TLS = 4317), and Weinshenker, BG (TLS = 3483).


Table 2 | The top 10 most productive authors and co-cited authors who contributed to neuromyelitis optica spectrum disorder research.






Figure 5 | (A) The network visualization of the co-authorship analysis of the authors. (B) The overlay visualization map of author citation analysis based on VOSviewer. The purple nodes represent the authors that participated in the early research in this field, while the yellow nodes reflect the authors who engaged in later research.







Journals and co-cited journals

A total of 3,057 NMOSD-related publications were published in 198 journals. Table 3 shows the top 10 journals and the top 10 journals with co-citations. The journal with the most publications was Multiple Sclerosis and Related Disorders (n = 316, 10.34%), followed by Multiple Sclerosis Journal (n = 240, 7.85%), and the Journal of Neuroimmunology (n = 151, 4.94%). It can also be seen from Table 3 that Neurology (2,853 co-citations) was the most co-cited journal, followed by Multiple Sclerosis Journal (2,144 co-citations), and Annals of Neurology (1,912 co-citations). Furthermore, 10 journals were co-cited more than 1,000 times, and 6 journals had an impact factor (IF) greater than 10. The Lancet had the highest IF among the top 10 co-cited journals. Figure 6 demonstrates the journal co-citation analysis by VOSviewer software. Only journals with a minimum of 100 publications were included, and 137 journals were selected for analysis. The top three journals with the largest TLS were Neurology (TLS = 601882), Multiple Sclerosis Journal (TLS = 374029), and Annals of Neurology (TLS = 246728). The change pattern in the annual occurrence frequency of journals is shown in Figure 7. The number of publications in Multiple Sclerosis and Related Disorders increased rapidly from 2008 to 2022. The number of publications in the Multiple Sclerosis Journal increased steadily from 2008 to 2022.


Table 3 | The top 10 most productive journals and co-cited journals for neuromyelitis optica spectrum disorder research.






Figure 6 | The network visualization of the co-citation analysis of the journals.






Figure 7 | The annual change pattern of journal frequency.







Co-cited references and references burst

We summarized the top 10 most cited articles in the NMOSD field in Table 4. All of them were published between 2002 and 2015, including international guidelines and diagnostic criteria for NMOSD (9), humoral mechanisms and biomarkers (AQP4 antibody) for NMOSD (5, 7), and clinical trials for NMOSD (20). The reference co-cited analysis was performed by CiteSpace software. Figure 8A shows the first author and 10 most-cited references. The color of the link between the two circles represents the year of the first co-citation of the two references. The references with citation bursts are those that have been cited more frequently over time. We listed the top 25 references with the strongest citation bursts in Figure 8B. The reference with the strongest burstiness (strength = 270.68) was the article entitled “International consensus diagnostic criteria for neuromyelitis optica spectrum disorders”, which was published in Neurology by the International Panel for NMO Diagnosis (IPND) in 2015 (9). There were four articles still burst until 2022 that mainly involved targeted immunotherapy in NMOSD, including eculizumab, inbelizumab, and satralizumab (12, 13, 21).


Table 4 | The top 10 cited references for neuromyelitis optica spectrum disorder research.






Figure 8 | (A) The visualization of co-cited references in the NMOSD field. (B) The top 25 references with the strongest citation bursts.







Keywords co-occurrence and burst analysis

We used VOSviewer software to perform the keywords co-occurrence analysis. In total, 24 keywords with a minimum of 35 occurrences were extracted after merging keywords with the same meaning. An overlay visualization map of keywords is shown in Figure 9A, which indicates the changes in the keywords over time. The purple nodes indicate early hotspots and the yellow nodes indicate emerging hotspots. The keywords gradually changed from “transverse myelitis”, “nmo-igg”, “astrocyte”, “demyelination”, and “aquaporin-4” to “relapse”, “treatment”, “rituximab”, “plasma exchange”, “diagnosis”, and “magnetic resonance imaging”. It was seen that “COVID-19”, “neuroinflammation”, and “myelin oligodendrocyte glycoprotein” were keywords that frequently appeared more recently, suggesting that they will be future research hotspots. Figure 9B shows the top 25 keywords with the strongest citation bursts, which were conducted by CiteSpace software. The keyword “marker” had the strongest burst (strength = 31.08) and burst from 2006 to 2011; the terms “devics disease” (beginning in 2002 and ending in 2012) and “pathogenesis” (beginning in 2003 and ending in 2013) had the longest burst time. Whereas “efficacy”, “multicenter”, “interleukin 6 receptor blockade”, “safety”, “azathioprine”, “tolerability”, and “adult” were still burst.




Figure 9 | (A) The overlay visualization map of the co-occurrence keywords performed by VOSviewer software. (B) The top 25 keywords with the strongest citation bursts of publications in the field of NMOSD from 2002 to 2022.








Discussion

In the past two decades, the number of annual publications and citations in the NMOSD field has increased steadily and reached a peak in 2021. With the discovery of the AQP4 antibody, researchers have put in great efforts and there have been great strides made in the diagnosis and treatment of NMOSD. Therefore, we conducted a bibliometric analysis that provided a comprehensive overview of the development of NMOSD research and predicts future research hotspots. This is the first bibliometric analysis of NMOSD. As of 13 October 2022, 3,057 publications had been published in 198 journals by 200 authors from 200 institutions in 93 countries/regions.

It has long been controversial whether NMOSD is an independent disease or a subgroup of MS. The discovery of the anti-NMO antibody in 2004 and its target AQP4 in 2005 revolutionized the diagnosis and treatment of the disease and provided insight into its pathophysiology (5, 6). The discovery of the AQP4 antibody facilitated early diagnosis and the use of immunotherapy to prevent attacks and improve outcomes. A better understanding of the pathogenesis of NMOSD has led to the rational development of mechanism-based therapies. Since then, the NMOSD field has rapidly developed and shown continued growth. The number of NMOSD publications and citations reached a new level in 2020 and continues to grow until this day. The possible reason for this phenomenon is that RCTs on many targeted immunotherapies for NMOSD have been published in high-quality journals (13, 14, 22), and, based on clinical trial results published over the past three years, some of these biological agents have been approved for the treatment of NMOSD. The success of these studies has greatly promoted the progress of NMOSD treatment.

In terms of country analysis, the USA contributed the most NP, NC, AC, and H-index, suggesting that the USA is a highly productive and leading country in the NMOSD field. The USA has the most outstanding researchers and institutions globally, suggesting the USA holds the leading position in the NMOSD field. Although the NP of China ranked second, the numbers of NC, AC, and H-index were relatively low.

Based on these data, it appears that China has an imbalance between quantity and quality. This issue may be addressed in the following aspects: (1) enhancing collaboration with other countries, especially the USA, Japan, and Germany; and (2) keeping a close eye on scientific innovation and conducting more in-depth studies to improve publication quality. Among the top 10 most productive institutions, 60% were from the USA and Germany. This might explain why the USA was the most productive country in the NMOSD field. These findings indicated that global academic resources are unbalanced and that the establishment of world-class academic institutions is an important basis for improving national academic status.

Of the top 10 prolific authors, Fujihara, K was the most productive author with 117 articles and 8,573 citations in the NMOSD field, while the NC and AC of Weinshenker, BG were ranked first. Furthermore, among the top co-cited authors, it is evident that Wingerchuk, DM had the highest centrality. Fujihara, K, from Fukushima Medical University School of Medicine, participated in many clinical trials of NMOSD (12, 13, 23) and was involved in the development of guidelines for demyelinating diseases of the central nervous system, including NMOSD, MS, and myelin oligodendrocyte glycoprotein antibody-associated disease (9, 24, 25). Weinshenker, BG is a neurologist from the Mayo Clinic. He is famous for his contributions to exploring the diagnosis and treatment of NMOSD. He, as the corresponding author, published the article about the serum autoantibody marker of neuromyelitis optica (5); since then, NMOSD has been recognized as an independent disease different from MS. Wingerchuk, DM is also from Mayo Clinic, and had many collaborations with Weinshenker, BG in the NMOSD field (26–28); he, as first author, published the international consensus diagnostic criteria for NMOSD (9), and also published many high-quality reviews in the Lancet and The New England Journal of Medicine (1, 27). The VOSviewer software automatically divided all authors into different clusters. The authors from the same clusters contributed excellent scientific works to their region. We also observed Bennett JL as a bridge connecting Shi Fudong and other authors from different institutions (Figure 4A). They jointly published an open-label, multicenter, randomized, phase 2 trial of NMOSD (22). Collaboration has always been an important requirement for the advancement of scientific discovery.

In the top 10 most productive journals, Multiple Sclerosis and Related Disorders and Multiple Sclerosis Journal were the most productive journals, which were the specialist journals in the MS and NMOSD fields. In the future, it is expected that more important research results will be published in this journal, and the impact factor and scientific value will improve. The other remaining journals specialized in Neurology and Immunology. It is important for scientists to follow these journals to see how NMOSD is progressing and what might happen in the future. Furthermore, the journal analysis could help researchers avoid delays in the research process by quickly identifying the best journals for submission.

Co-citation analysis is an effective method to assess the level of correlation between articles. It is generally considered that the more frequently an article is cited, the greater its importance in the professional field (29). Most of the top 10 cited references were published in top-ranked journals, and three articles were written by Wingerchuk, DM (9, 27, 30); this result also confirmed the results of the author analysis. In the top 10 cited references, three of them were the diagnostic criteria for NMOSD. The formulation of guidelines plays an important role in the treatment of diseases. As a clinical decision-making tool to narrow the gap between current evidence-based medicine and clinical practice, clinical guidelines could improve diagnosis and treatment levels, standardize medical behavior, and improve service quality. Three of the top 10 cited references described the serological mechanism of NMOSD and the relationship between anti-AQP4 and NMOSD. The second cited article, entitled “A serum autoantibody marker of neuromyelitis optica: distinction from multiple sclerosis”, identified an NMO-IgG (5), which is a specific marker autoantibody that binds at or near the blood-brain barrier. It distinguishes NMO from MS. This important finding broadened the pathological concept of NMOSD. Additionally, the 10 most cited articles (20) were published in the Journal of Neuroinflammation”, which provided an overview of the clinical features of NMOSD and demonstrated a few distinct characteristics in seropositive and seronegative patients. Since the discovery of anti-AQP4, most of the hot topics have focused on seropositive patients, while some seronegative patients with typical NMOSD performance have also gradually attracted the attention of researchers in recent years. Therefore, on the basis of understanding the clinical characteristics of seropositive patients, we should further explore the field of seronegative patients, which is conducive to the diagnosis of seronegative patients, precision treatment, and guidance of clinical research. From the reference burst, the first burst reference emerged in 2003 owing to one study published in 2002 (7). This article used the pathological method to investigate the importance of humoral mechanisms, including complement activation, in producing the necrotizing demyelination seen in the spinal cord and optic nerves. The strongest burst reference was the international consensus diagnostic criteria for NMOSD (9), which was the authoritative publication to guide clinicians in the NMOSD field. There were four articles still burst (12, 13, 21, 24), and three of them were RCTs on targeted immunotherapy of NMOSD. The successful publication of these articles provided evidence-based medical evidence for targeted immunotherapy for NMOSD. Among them, eculizumab, inbelizumab, and satralizumab have been approved for AQP4-NMOSD patients. These targeted biological agents are expected to improve the symptoms rapidly, accurately, and effectively, reduce the risk of relapse of NMOSD, reduce the side effects of steroids and traditional immunosuppressants, and reduce the disease burden on patients. There will need to be further exploration of more targeted biological agents for different targets in the future.

Keywords are a summary of the core ideas of an article and are generally considered to be important indicators reflecting research direction and hotspots in a specific field. The evolution and change of keywords over time reflect, to some extent, the development of hotspots and can guide future research directions. Through the overlay visualization, we can observe that the keywords gradually shifted from serological mechanisms and clinical characteristics to diagnosis and treatment for NMOSD, which also indicates that the research hotspots gradually changed from the basic study to clinical translation. The yellow nodes indicate emerging hotspots. We found that the research topics “COVID-19”, “neuroinflammation”, and “myelin oligodendrocyte glycoprotein” have received attention in recent years due to the COVID-19 pandemic, which has been a challenge for patients with autoimmune diseases. For patients with NMOSD, long-term use of steroids or traditional immunosuppressants may cause an immunosuppressive state. Therefore, they were at high risk of COVID-19 infection, and infection with COVID-19 may lead to NMOSD relapse or aggravation. Furthermore, the COVID-19 vaccination was an additional concern. On the one hand, it was necessary to consider whether the COVID-19 vaccination would lead to a relapse of NMOSD (31, 32). On the other hand, some patients would have new-onset NMOSD after the COVID-19 vaccination (33–36). This is why COVID-19 became a hot topic in NMOSD research. Since the discovery of anti-AQP4 in 2005 (6), the focus of research has always been on patients with anti-AQP4 seropositive NMOSD. In anti-AQP4 seronegative patients, anti-myelin oligodendrocyte glycoprotein (MOG) has been detected in patients with optic neuritis and longitudinally extensive transverse myelitis. MOG antibody-associated disease (MOGAD) has the same clinical characteristics as demyelinating diseases of the central nervous system, such as NMOSD and MS, but the difference is that its main manifestation is a monophasic or relapsing disease course, which has no marked sex or racial predominance in populations with MOGAD. The histopathological characteristics, imaging characteristics, treatment response, and outcomes of MOGAD are different from those of MS and NMOSD, so it is necessary to establish its diagnostic criteria as a distinct entity. The researchers still need to explore this area in the future.

The word “marker” was the strongest burst keyword, because in the development of NMOSD, the discovery of anti-AQP4 is very important. After the discovery of anti-AQP4 as a serum marker, NMOSD was separated from MS as an independent disease (6). Since then, the number of publications on NMOSD has increased over the past year, and many articles (37–40) have been published on its epidemiology, diagnosis, clinical characteristics, treatment regimens, treatment response, and outcomes. “Pathogenesis” was the keyword that burst for the longest time. This was because after exploring and establishing the pathogenesis of NMOSD, we could better understand its diagnosis and treatment and develop targeted biological agents acting on different targets of its pathogenesis. It can be seen from the keyword burst analysis that “safety”, “efficacy”, “tolerability”, and “multicenter” were the keywords around RCT, which indicates that the research of NMOSD entered the era of evidence-based medicine. The “interleukin 6 receptor blockade” was still burst, which due to the RCT on satralizumab showed positive results. Tocilizumab, another targeting IL-6R drug, also carried out a multi-center, randomized, phase II trial in NMOSD (22), which compared the safety and efficacy of tocilizumab and azathioprine in patients with highly relapsing NMOSD. The results showed that tocilizumab significantly reduced the risk of a subsequent NMOSD relapse compared with azathioprine. Tocilizumab might therefore be another safe and effective treatment to prevent relapses in patients with NMOSD. It can be seen from the above mentioned keyword analysis that future research will focus on the targeted immunotherapy of NMOSD, on the development of targeted biological agents for different targets of its pathogenesis, and on conducting RCTs on the existing targeted biological agents to obtain higher-quality evidence-based medical evidence. Targeted immunotherapy will quickly and effectively reduce the relapse of NMOSD and further reduce the disease burden for patients.





Limitations

This study has some limitations. First, this study utilized the WoSCC database as its data source and the data from other databases, such as PubMed, Cochrane, Scopus, and Embase library databases, has not been included. We used the same search strategy to search PubMed, and a total of 3,341 studies related to NMOSD were retrieved. After merging and duplicating the studies from WOS and PubMed, except for a few of them, almost all of the studies in PubMed were included in the WOS database, especially the significant influence and epoch-making significant studies in the field of NMOSD. Additionally, with the availability of many bibliometric indicators and containing 12,000 influential high-quality journals from countries worldwide, the WOS database is regarded as one of the most authoritative and optimal databases for the bibliometric analysis of scientific publications. Therefore, this limitation would not have impacted the analysis results. Second, only article/review publications in English were searched, and non-English or non-article/review publications were not included in this search, so some publications may have been missed. Third, the number of citations was not a complete indicator of the quality of publications because it takes time to cite manuscripts. Older publications may be cited more frequently, so influential manuscripts may take several years to be cited. Finally, bibliometric software such as CiteSpace and VOSviewer cannot provide statistical functions, so it is impossible to understand the actual situation of publications in different countries/regions.





Conclusion

To our knowledge, this study is the first bibliometric analysis of publications in the field of NMOSD using visualization software to obtain the direction, hotspots, and developments of this field, which may provide helpful information for researchers. Future research hotspots should obtain higher-quality evidence-based medical evidence on targeted immunotherapy in the NMOSD field.
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