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Background: Macular edema is the most common cause of impaired vision due to uveitis. Although various medications are available, not all uveitis patients with macular edema are satisfied with the treatment results. Therefore, solving this gap becomes the utmost concern worldwide. This study attempted to use bibliometric analysis to compare the valuable information in the top 100 highly cited studies in the field of drug therapy for uveitic macular edema (UME) and then determine the research hot spots and trends in this field.

Methods: In this study, the Science Citation Index Expanded (SCIE) of Web of Science (WOS) was used to collect the top 100 most cited studies on UME and analyze the literature from different countries/regions, institutions, and journals. The visualization knowledge maps is generated by VOSviewer and Citespace software.

Results: The top 100 highly cited studies are from 34 countries/regions. The United States has the largest number of publications, followed by the England, Spain and Germany. The top three institutions publishing highly cited literature are all from the England: University of London, University College London, and Moorfields Eye Hospital NHS Foundation Trust. Ophthalmology is the most widely published journal with 14 papers. The total number of citations is 1,371, meaning that Ophthalmology is the most authoritative journal in the field of UME drug therapy. The top two articles with the most cited times are from the United States, accounting for 36.5% of the total cited times of the top 10 articles. Keywords were divided into three clusters: the corticosteroid administration pathway, biological agents, and clinical trials. Uveitis, cystoid macular edema, efficacy, dexamethasone, and triamcinolone acetonide appeared more frequently in keywords. Researches on local and long-acting drug has gradually becoming the hot spots and trends.

Conclusion: This study concludes that bibliometric analysis can intuitively and quickly obtain the frontiers and hot spots of research in the field of UME drug therapy. Corticosteroid administration, biological agents, and clinical trials are considered the potential focus of future research.
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INTRODUCTION

Macular edema is one of the most common complications of uveitis and one of the main causes of blindness in non-infectious uveitis patients (1, 2). According to literature reports, the incidence of macular edema in uveitis patients is about 20–30% or even higher, and more than 1/4 of these patients were with best-corrected visual acuity (BCVA) ≤20/50 during the 2-year follow-up (1, 3).

Nowadays, the pathologic mechanisms and diagnostic classification of UME are relatively clear. In UME, inflammation leads to the destruction of the blood–retinal barrier and increased chorioretinal vascular permeability, resulting in fluid accumulation in the macular area, which is more common in the outer plexus layer (4). Clinically, optical coherence tomography (OCT) can be used to confirm the diagnosis, which can be classified into three types (5, 6): cystoid macular edema (CME), diffuse macular edema (DME), and serous retinal detachment (RD). Among them, DME was the most common, reaching more than half (6). In addition, Iannetti et al. compared the visual impairment between CME and DME patients and found that CME has a greater impact on visual acuity (7).

In contrast, the treatment of UME is a challenging problem due to the diversity of drug therapy. At present, glucocorticoids are still the first-line therapy in clinical practice, and immunosuppressants and biological agents are also being used more and more (8). The Multicenter Uveitis Steroid Treatment Trial (MUST) research group found that intravitreal corticosteroid injections were more effective than periocular injections in the treatment of UME (9). Injectable fluocinolone acetonide implant was used to treat non-infective UME in a clinical study with an average follow-up of 19 months. The implant improved vision and was safe and long-lasting (10, 11). Other studies have shown that for uveitis patients with refractory CME, systemic treatment with interferon alpha-2b can significantly improve CME and vision (12). In recent years, much attention has been paid to the efficacy of biological agents, and there are more and more kinds of biological agents. For example, TNF-α inhibitors are used for refractory cystic macular edema associated with non-infectious uveitis (13). Although there are a variety of drugs used to treat UME in clinical practice, they still cannot meet the needs of all patients. Gaggiano et al. found that patients with juvenile idiopathic arthritis (JIA) related uveitis received a single conventional disease-modifying anti-rheumatic drugs (cDMARDs) does not achieve a good clinical response, especially concurrent UME, which may require a combination of biologic agents, such as interleukin-6 inhibitors, to achieve better therapeutic effect (14). Moreover, there is no sign of active ocular inflammation, macular edema may still persist and even develop into refractory UME, resulting in severe visual impairment. Therefore, UME needs to be further studied in terms of drug therapy.

In recent years, bibliometric analysis has received much attention from researchers. It is a method to study literature publications by using mathematics and statistics and has been widely used in various scientific fields (15). For example, some scholars have used econometric analysis of the literature to determine hot spots and trends in the study of brain inflammasome/coke death (16). Bibliometric analysis can systematically output valuable and reliable information in all relevant literature in a certain field in the form of scientific knowledge maps and tables. Bibliometric analysis is easy to operate, reliable, and reproducible and can prevent the influence of potentially subjective factors. It can help researchers quickly understand the hot spots and trends in related fields and provide new ideas for future research direction planning (4, 16). It is vital for researchers to grasp the research hot spots and emerging development trends in relevant fields in a timely and accurate manner (17). To sum up, bibliometric analysis can precisely meet the needs of researchers.

However, with the rapid development of uveal inflammatory macular edema, research on drug treatment of UME is increasing year by year, but the research hot spot and development trend in this field are still not clear. In this study, bibliometric analysis was applied for the first time in the field of uveal inflammation and macular edema, especially to grasp the hot spots and trends of drug therapy. We used VOSviewer to visualize the top 100 most cited studies in the field of drug therapy for UME in the Web of Science (WOS) database to explore the research direction and potential hot spots of UME in drug therapy.



MATERIALS AND METHODS


Data Sources and Search Strategies

We used the Science Citation Index Expanded (SCIE) of WOS to collect articles. Literature search was performed on October 17, 2021 at Zhejiang University. The search query was framed as follows: (TS = (uveitis) AND TS = (macular edema) AND (TS = (drug therapy) OR TS = (biologicals)OR TS = (Biological Medicine) OR TS = (Biological Drug) OR TS = (Immunosuppressive Agents) OR TS = (Adrenal Cortex Hormones) OR TS = (Glucocorticoids) OR TS = (dexamethasone))). The date range was set from the beginning of the database to October 17, 2021. The search results were arranged by the citation counts in descending order. Then, the 100 most cited documents were selected and sorted in Excel 2019.



Data Collection

The characteristics of these documents were extracted, including title, keywords, document type, citation number, publication date, country, institutions, journals, and the 2020 impact factor of journals. VOSviewer 1.6.17 (Leiden University, Leiden, the Netherlands) (18) was used to make figures for keyword co-occurrence networks. The circles on the graph represent the keywords, and the diameter of the circles represents the frequency. The larger the diameter of the circle, the higher the frequency of the keyword and the stronger the correlation with the whole. The top 20 keywords with the strongest citation bursts is to import the data of the top 100 highly cited literatures in this field into Citespace 5.8.R3 (19) for analysis. The red bars mean some keywords cited continually; the green bars were keywords cited infrequently.




RESULTS


Years and Types of Publication

A total of 370 documents were acquired from the database by using the search terms given earlier. As shown in Figure 1, the 100 most cited documents were published from 1991 to 2020. The publication time of most of the highly cited documents was from 2005 to 2018. Among them, 12 and 10 papers were published in 2011 and 2014, respectively. The highly cited literature in these two years primarily focused on the treatment of dexamethasone intravitreal implant (DEX implant). This coincided with the time when the DEX implant (Ozurdex; Allergan, Inc., Irvine, CA, USA) was approved by the United States Food and Drug Administration (20). Interestingly, since 2016, the number of highly cited references has decreased significantly, which may be due to the lack of classical literature published in recent years. On the contrary, some studies published earlier did not have more citations due to a longer time.


[image: Figure 1]
FIGURE 1. The number of publications in the top 100 most-cited articles per year in the field of UME drug therapy.


In terms of document types, Table 1 shows that among the 100 most cited literature studie. Among them, articles account for 60%, reviews account for 31%, proceedings paper accounted for 7%, while book chapters, and editorial materials account for 1% respectively.


Table 1. Type of articles of the 100 most-cited articles in the field of UME drug therapy.
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Countries/Regions and Institutions Analysis

Figure 2 summarizes the spatial distribution of 100 highly cited global publications in the field of UME drug therapy. The documents came from 34 countries/regions. Table 2 shows the United States had the largest number of publications, with 46. The England, Spain, and Germany were the next countries/regions to publish more than 10 articles. It can be seen that most of the high-level literature comes from developed countries/regions.


[image: Figure 2]
FIGURE 2. Global spatial distribution of the top 100 highly cited articles published.



Table 2. The top 100 most-cited articles in the field of UME drug therapy by countries/regions and number of publications.
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Table 3 shows the top 10 institutions publishing the most cited literature on UME drug therapy and their publications. The top three, notably, are all from the England: University of London (n = 12), University College London (n = 11), and Moorfields Eye Hospital NHS Foundation Trust (n = 11). It is followed by two institutions from Spain: Hospital Clinic Barcelona (n = 10) and University of Barcelona (n = 10). Also, although the United States has the largest number of highly cited studies, the ranking of institutions in the United States is not the highest.


Table 3. Top 10 institutions publishing highly cited literature in the field of UME drug therapy and their publications.
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Journal Analysis

Table 4 lists all journals of these 100 highly cited papers by the number of publications, and 80% of the top 10 journals are from the United States, with the other 20% from the Netherlands and the England. However, the most recent impact factors (IFs) for the top 10 journals ranged from 2.671 to 12.079, with 70% of them in Quartile 1. Of interest, the leading journal was Ophthalmology (IF = 12.079) from the United States, with 14% publications and 1,371 citations, indicating that Ophthalmology is the authoritative journal in the field of UME pharmacotherapy. The second- and third-ranked journals are Retinal-The Journal of Retinal (IF = 4.256) and American Journal of Ophthalmology (IF = 5.285). Their publications are 7 and 6, respectively, and their total citations are 305 and 475, respectively. These two journals are also from the United States. These show that the United States has a high degree of influence in this area.


Table 4. Journals of the 100 most-cited articles in the field of UME drug therapy.
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Cited Literature Analysis

Table 5 lists the top 100 most cited papers in this field, sorted by citation times. Not surprisingly, the top 10 articles of high quality are all in Quartile 1. The total number of citations for the top 10 articles is 1,953. The number of citations for the top two papers, both from the United States, accounted for 36.5% of the top 10 citations. They were, respectively, published by Lowder in 2011 and Kuppermann in 2007, both of which were related to intravitreal injection of dexamethasone in the treatment of UME (19, 20). Also, 5 of the 10 papers are from the United States, 3 from the England, 1 from the Netherlands, and 1 from Spain. We note that Nussenblatt published the earliest of 100 papers in 1991, with 133 citations. He first studied the therapeutic effect of immunosuppressive cyclosporine and steroid hormone in uveitis patients with macular edema (20).


Table 5. Top 100 most-cited articles in UME drug therapy studies.
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Keyword Analysis

Table 6 lists the top 20 keywords with the highest frequency and strongest correlation strength in the 100 studies. Among them, the top 10 keywords are uveitis (n = 37), cystoid macular edema (n = 33), macular edema (n = 24), therapy (n = 16), efficacy (n = 15), dexamethasone (n = 12), posterior uveitis (n = 12), retinal vein occlusion (n = 12), diabetic macular edema (n = 11), and triamcinolone acetonide (n = 11). In general, the higher the occurrence frequency of keywords, the higher the corresponding overall correlation strength. From the perspective of these high-frequency keywords, the research hot spot in this field is mainly reflected in the effect of UME drug therapy, and the research on steroid hormones is relatively active.


Table 6. The top 20 keywords with the highest occurrence and strongest overall association strength in articles related to UME drug therapy research.

[image: Table 6]

VOSviewer software was used to make a keyword co-occurrence network diagram, which can be very intuitive and quickly obtain the frontier and hot spots of a certain field of research. As shown in Figure 3, in the top 100 studies, a total of 93 keywords appeared more than three times. Obviously, these keywords are mainly divided into three clusters and are represented in different colors. The three clusters represent (1) the corticosteroid administration pathway in green, such as intravitreal implant, intravitreal triamcinolone acetonide, corticosteroids, and intraocular steroids; (2) biological agents in red, such as therapy, efficacy, infliximab, and interleukin-6; and (3) clinical trials in blue, such as trial, drug delivery, and multicenter. Also, there are two clusters of lower frequencies of purple and yellow, ocular hypertension, acetazolamide, and open-angle glaucoma. Recent hot spots and trends are reflected in these three aspects.


[image: Figure 3]
FIGURE 3. VOSviewer visualization of keywords from the top 100 highly cited articles in the field of UME drug therapy.


Figure 4 reflects the top 20 most-cited keywords in UME drug therapy field at different stages by years. We found that the research hot spot in the field of UME drug therapy has shifted from systemic to local treatment, such as oral dexamethasone into intraocular steroid injection Meanwhile, the research hot spots of drug types is also shifting from short-acting to long-acting, for example, intraocular steroid injections from short-acting triamcinolone to long-acting fluocinolone acetonide implant.


[image: Figure 4]
FIGURE 4. Top 20 keywords with the strongest citation bursts from the top 100 highly cited articles in the field of UME drug therapy.





DISCUSSION

In this study, we identified the top 100 cited studies in the field of UME pharmacotherapy in the WOS Core database from the beginning of the database to 2021. Bibliometrics analysis was innovatively used to evaluate the national institutions, citations, journals, keywords, and other valuable information in these literature studies, especially the hot spots and trends in drug treatment.

A medical treatment for UME was first proposed 30 years ago (21). To this day, the volume of literature published in this field is increasing year by year. Interestingly, the top institutions for publishing these highly cited articles are mainly located in London (the England) and Barcelona (Spain), but the country with the largest number of articles is the United States. This indicates that in the field of UME drug therapy, the research institutions in the England and Spain are relatively concentrated, while in the United States, they are relatively dispersed. However, this may also be related to different national conditions and research institutions. We also found that among the 100 highly cited papers, the most published papers, the most cited times, and the top three journals were all from the United States, followed by the England, the Netherlands, and Spain. All of these indicate that in the field of UME drug therapy, the United States leads in the quality of academic papers, publications, and high-impact journals. We believe this is because of three reasons as follows: (1) newly developed and produced related drugs were first marketed in the United States, such as Ozurdex and adalimumab; (2) the United States has an advantage in economic level; and (3) the US government has made policies favorable to scientific research.

Through the analysis of high-frequency keywords, it can be found that the current attention on drug treatment of UME mainly focuses on the pathway of corticosteroid administration, biological agents, and clinical verification. Despite the rapid development of immunosuppressive and biologic therapies in recent years, corticosteroids are still the main treatment for UME (22). As the field of UME drug therapy advances, the research focus of corticosteroid therapy is reflected in the way of administration. According to our research, the way steroid hormones are used is improving in a certain direction. We conclude the following two aspects: (1) in terms of drug efficacy, the focus of intraocular steroid injection has gradually shifted from short-acting drug form to long-acting sustained-release drug form, reducing the injection frequency; and (2) in terms of safety, attention is gradually shifting from systematic to local drug use, which can significantly reduce systemic side effects of patients and significantly improve safety. In particular, for patients with systemic drug intolerance or poor efficacy, intravitreal injection of corticosteroids has become a new effective choice, such as triamcinolone acetonide (TA) or DEX implant (22–24). Some studies show that the effect of intravitreal injection of TA was short-lived, but the therapeutic effect of a single injection of DEX implant lasted for more than 6 months (22, 25). Therefore, the research hot spot in the field of UME drug therapy has changed from systemic treatment to local treatment, the type of drugs has changed from short-acting to long-acting, and the clinical validation of various drugs is also the focus. Furthermore, the shift in focus from systemic treatment to local treatment may be due to the latter's less invasive nature and fewer systemic side effects. The shift from short-acting to long-acting drugs has also brought benefits to patients, such as less frequent use and less pain. At the same time, the diversification of drug types requires perfect clinical trials to ensure drug safety. Our study reveals this latest practice trend and opens up a new perspective for readers to think about.

In recent years, the research trend in the field of UME drug therapy has gradually shifted to biologic therapy, and its role has been paid more and more attention by scholars. Aleksandra Radosavljevic et al. found that biological agents such as anti-IL-6 and interferon showed positive efficacy in the majority of patients with non-infectious severe or refractory UME (26). Deuter et al. found that tozizumab can be considered for chronic UME even if immunoregulatory therapy fails (27). Thomas found that TNF-α inhibitors such as Adalimumab and infliximab may be considered as first-line therapy for Uveitis associated with Behcet disease and juvenile idiopathic arthritis (28). Diaz-Llopis et al. found that adalimumab reduces inflammatory activity and is well-tolerated in patients with refractory uveitis who are tolerant to prednisone or an immunosuppressant, and it also reduces the dose of steroids used (29). In addition, a multicenter study reported that anti-IL-6 receptor tocilizumab (TCZ) was effective in treating refractory and non-infectious uveitis CME (30). A new clinical study suggests that interferon alpha-2a is safe and well-tolerated in the treatment of refractory uveitis and macular edema, and it is an option for patients with persistent refractory UME (31). In summary, biologic therapy has many advantages, such as the rapid onset of action, rapid control of active inflammation, longer-lasting efficacy than steroid hormones, high topical safety, and fewer side effects. However, there may be cases of relapse after withdrawal, requiring multiple injections. This is one of the hot points of this study.

Although the use of intravitreal corticosteroids and biologics is becoming more common, a large number of multicenter, randomized controlled trials are still needed to evaluate the safety, efficacy, and durability of these emerging therapies due to the large individual variation in these patients. A recent multicenter steroid therapy (MUST) trial for uveitis and a follow-up study of up to 7 years showed that 94% of patients ended up with UME gone, although they were still at risk for recurrence (32). There are a wide variety of drugs to treat UME, and their risks and side effects should be considered as well as their efficacy. For example, although tocilizumab (TCZ) is effective in treating refractory UME, side effects such as nausea, viral conjunctivitis, and bullous impetigo were still observed in a few patients (27). Therefore, bibliometric analysis shows that clinical verification of drug therapy for UME is still a hot topic in future research.



STRENGTHS AND LIMITATIONS

This article analyzes global research of UME, for the first time, by using the bibliometric analysis method. At the same time, we use the WOS database and bibliometric analysis software, both of which are objective, convincing, and more common than other databases or software. However, in our research, there are some unavoidable shortcomings. We use only one database, which may lead to the omission of some citations and documents. It is worth mentioning that due to the characteristics of the subject, the total number of articles in this field is not huge, which may be the most important reason for the limitations of this study.



CONCLUSION

In this study, we used bibliometric analysis to determine the current research status and hot trends in the field of UME drug therapy. At present, the research focus of UME drug therapy is often the route of corticosteroid administration, biological agents, and clinical trials. A timely understanding of the hot trends of UME drug therapy can better help scholars to clarify the future research direction and continuously discover and solve the urgent difficulties in this field.
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