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Objective: This study employs bibliometric methods to explore the global 
research dynamics of iodine contrast agents in medical imaging. Through the 
visualization of knowledge maps, it presents research progress and reveals the 
research directions, hotspots, trends, and frontiers in this field.

Methods: Using Web of Science Core Collection database, CiteSpace and 
VOSviewer were employed to conduct a visual analysis of the global application 
of iodine contrast agents in medical imaging over the past four decades. The 
analysis focused on annual publication volume, collaboration networks, citation 
characteristics, and keywords.

Results: A total of 3,775 studies on the application of iodine contrast agents in 
medical imaging were included. The earliest paper was published in 1977, with a 
slight increase in publications from 1991 to 2004, followed by a significant rise 
after 2005. The United  States emerged as the leading country in publication 
volume. Harvard University was identified as a globally influential institution 
with 126 publications. Although a large author collaboration cluster and several 
smaller ones were formed, most collaborations between authors were relatively 
weak, with no high-density integrated academic network yet established. Pietsch 
Hubertus was the most prolific author, while Bae KT was the most highly co-
cited author. The most highly cited journal was Radiology, with 2,384 citations. 
Co-occurrence analysis revealed that the top three keywords by frequency 
were “agent,” “CT,” and “image quality.” Keyword clustering analysis showed 
that the top three clusters were “gadolinium,” “gold nanoparticles,” and “image 
quality.” The timeline analysis indicated that clusters such as “gadolinium,” “gold 
nanoparticles,” “image quality,” and “material decomposition” exhibited strong 
temporal continuity, while the keyword with the highest burst value was “digital 
subtraction angiography” (19.38). Burst term trend analysis suggested that 
recent research has been focusing on areas like “deep learning,” “risk,” “radiation 
dosage,” and “iodine quantification.”

Conclusion: This study is the first to systematically reveal the global trends, 
hotspots, frontiers, and development dynamics of iodine contrast agents in 
medical imaging through the use of CiteSpace and VOSviewer. It provides a 
novel perspective for understanding the role of iodine contrast agents in imaging 
and offers valuable insights for advancing global research in medical imaging.
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1 Introduction

Iodinated contrast agents, also known as iodinated imaging 
agents, are iodine-containing contrast agents formed by iodine atoms 
combined with various compounds. Iodinated contrast agents are 
among the most commonly used drugs for angiography. As early as 
2002, more than 75 million cases of intravascular iodinated contrast 
agent use were recorded globally (1).

Iodinated contrast agents enhance contrast in imaging modalities 
such as X-ray, CT, and MRI, making tissue structures and lesions more 
visible, thus assisting physicians in better diagnosing and assessing 
conditions. Clinically, iodinated contrast agents are commonly used 
in CT angiography, CT perfusion, and imaging of body cavities, joints, 
and the spinal cord (2–6). With their superior imaging capabilities, 
iodinated contrast agents can quickly and clearly delineate the 
contours of specific organs or tissues, proving highly effective and 
advantageous in the accurate diagnosis of tumors, detailed exploration 
of vascular diseases, and precise identification of inflammation (7). 
Moreover, they can be used to guide surgical procedures, catheter 
insertions, and other therapeutic operations, enhancing precision and 
helping doctors monitor changes in lesions during treatment (8, 9).

Bibliometric analysis, as an emerging and powerful tool, 
ingeniously integrates statistical methods with visualization 
techniques, opening new avenues for rapidly understanding the 
current state and future trends of specific disciplines or fields. This 
method excels in capturing critical nodes within a field while 
extracting academically valuable information from vast amounts of 
data. On the broad stage of bibliometrics, bibliometric software plays 
a pivotal role, with CiteSpace and VOSviewer standing out as favored 
tools among researchers (10). Although the application of iodinated 
contrast agents in medical imaging has increasingly become a research 
hotspot among global scholars, systematic visualization analysis of 
their application from a global perspective remains scarce. Therefore, 
this study aims to utilize CiteSpace and VOSviewer to conduct a 
detailed bibliometric analysis of relevant literature, exploring the 
application of iodinated contrast agents in medical imaging, and 
uncovering research hotspots, trends, and frontiers, with the goal of 
providing insights for future research directions.

2 Materials and methods

2.1 Inclusion and exclusion criteria

The Web of Science (WOS) Core Collection was used as the 
literature retrieval database, with citation indices including the Science 
Citation Index Expanded, Social Sciences Citation Index, and 
Emerging Sources Citation Index. The included literature had to meet 
the following criteria: (1) studies related to the application of iodinated 
contrast agents in medical imaging; (2) the literature provided basic 
information such as author, country, institution, keywords, and 
references for research analysis; (3) the publication period ranged 
from the inception of the database to July 31, 2024; and (4) no 

language restrictions were applied. The exclusion criteria were: (1) 
conference abstracts; (2) letters; (3) editorial materials; (4) corrections; 
(5) conference proceedings; and (6) duplicate publications.

2.2 Literature retrieval

The search strategy was [TS = iodi* AND TS = (“contrast agent*” 
OR “contrast medium” OR media) AND TS = (imaging OR “imaging 
examination*” OR “imaging stud*” OR imageology OR imageological)]. 
The search period was from January 1, 1977, to July 31, 2024, yielding 
3,834 relevant publications. After excluding 59 documents that did not 
provide the necessary information for bibliometric analysis (such as 
author country, author institution, keywords, and citations), including 
early access articles, conference papers, letters, editorial materials, and 
book chapters, a total of 3,775 documents were identified. All retrieved 
articles were imported into CiteSpace for duplicate checking and 
preprocessing, with no duplicates found. Ultimately, 3,775 publications 
were included in this study. The literature retrieval and screening 
process is shown in Figure 1.

2.3 Ethical approval

This study did not require ethical approval as all data were 
obtained from publicly available published literature.

2.4 Statistical analysis

CiteSpace 6.3, VOSviewer 1.6, and Excel 2016 were utilized to 
identify journals, institutions, countries, keyword co-occurrences, 
co-cited references, and research trends, providing a visual 
representation of the research landscape. Keyword and subject term 
co-occurrence analysis was used to uncover research hotspots in the 
field. Co-citation analysis and burst term detection were employed to 
explore the dynamic frontiers of research. Cluster analysis of keywords 
and subject terms, combined with a timeline view, was used to display 
the progression of research trajectories. Additionally, collaboration 
network diagrams of authors and institutions were used to identify key 
figures and core teams in the field, while the co-occurrence network 
of journals revealed the intersections and integrations between 
different disciplines.

3 Results

3.1 Analysis of annual publication volume

A total of 3,775 valid publications were included in this study. The 
first research paper in this field indexed in the Web of Science Core 
Collection was published in 1977 (11). From 1977 to 1990, research 
on iodinated contrast agents in medical imaging examinations was in 
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the preliminary exploration stage, with relatively few publications. 
Between 1991 and 2004, the field experienced a period of slow 
development, with a slight annual increase in the number of 
publications. After 2005, the number of publications entered a rapid 
growth phase, with a significant surge in publication volume 
(Figure 2).

3.2 Collaboration network analysis

3.2.1 Analysis of national publication volume and 
co-occurrence network

A total of 81 countries have conducted research on the application 
of iodinated contrast agents in medical imaging. The United States had 
the highest number of publications, accounting for one-third of the 
total (1,237 papers), followed by Germany (535 papers), China (440 
papers), and Japan (324 papers). Together, these four countries 
accounted for two-thirds of the total publications. Figure 3 shows the 
top  10 countries by publication volume. In this research field, 
countries with high betweenness centrality were primarily the 
United  States (0.51), England (0.19), Italy (0.17), Belgium (0.14), 

France (0.11), Germany (0.10), and China (0.10), while the centrality 
of other countries was below 0.10, as shown in Figure 4.

3.2.2 Analysis of institutional publication volume 
and collaboration network

Globally, 671 research institutions have conducted studies on the 
application of iodinated contrast agents in medical imaging. Figure 5 
illustrates the collaboration network among these institutions, and the 
top 10 institutions by publication volume are listed in Table 1. The 
three institutions with the highest publication volumes are Harvard 
University (126 papers), the University of California System (104 
papers), and Siemens AG (78 papers). In terms of institutional 
collaboration centrality, Harvard University is the only institution 
with a betweenness centrality exceeding 0.10.

3.2.3 Author collaboration network analysis and 
co-cited author analysis

To identify influential authors in the field of iodinated contrast 
agents in medical imaging, we mapped the collaborative network of 
1,395 authors (Figure 6), where each node represents an author and 
different colors signify various collaboration clusters. Due to the 

FIGURE 1

The research flow chart.
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FIGURE 3

The distribution of the top 10 countries that had the most publications.

relatively weak collaboration among many authors, the figure only 
displays the collaboration relationships of the 206 authors with the 
closest partnerships.

Table 2 lists the top 10 authors by publication volume and the 
top 10 co-cited authors. The results show that the most prolific author 
is Pietsch Hubertus (17 papers), followed by Shi Xiangyang (16 
papers), Noel Peter B (16 papers), Alkadhi Hatem (16 papers), Shen 
Mingwu (16 papers), and Pfeiffer Daniela (16 papers). The top three 
co-cited authors are Bae KT (262 citations), McCollough CH (165 
citations), and Davenport MS (140 citations), indicating that these 
scholars’ contributions have been widely recognized within the field.

3.3 Co-cited literature analysis

The 3,775 publications collectively cited 9,105 references. Table 3 
shows the top 10 most frequently co-cited papers (12–21). The most 
highly co-cited paper is Lusic H’s 2013 paper titled “X-ray-Computed 
Tomography Contrast Agents,” which provides an in-depth discussion 
on the application of iodinated contrast agents in X-ray CT, 
particularly their ability to enhance soft tissue visibility in diagnostic 
and therapeutic monitoring. It also highlights the safety and efficacy 
improvements achieved through chemical and nanotechnology 
advancements in contrast agents (12). This paper has been cited a total 

FIGURE 2

Annual and cumulative trend of publications.

https://doi.org/10.3389/fmed.2024.1506634
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Liu et al. 10.3389/fmed.2024.1506634

Frontiers in Medicine 05 frontiersin.org

of 51 times. The publication dates of these highly cited articles are 
primarily concentrated in the past decade.

3.4 Co-cited journal analysis

The 9,105 co-cited references were published across 1,210 
journals. Table 4 presents the top 10 most frequently cited journals, 
indicating that these journals have published a significant number of 
studies on the application of iodinated contrast agents in medical 
imaging. The journal with the highest number of citations is 
Radiology, with a total of 2,384 citations.

3.5 Keyword analysis

3.5.1 Co-occurrence analysis
Keywords serve as summaries and abstractions of the main 

content and key information of publications. By analyzing the 
keywords, one can identify research hotspots and directions 
within a given field. This study identified a total of 76,850 
keywords. Using VOSviewer, a co-occurrence analysis was 
performed on the 580 keywords that appeared 20 or more times 
(Figure 7). Table 5 shows the top 20 most frequently occurring 
keywords, with the top  5 being “agent,” “CT,” “image quality,” 
“angiography,” and “enhancement.”

3.5.2 Cluster analysis
Through the cluster analysis of keywords (Figure 8), nine distinct 

clusters were identified. The top five largest clusters were labeled as 
“gadolinium,” “gold nanoparticles,” “image quality,” “liver,” and 
“material decomposition.” These clusters reflect the major thematic 
areas of research in the application of iodinated contrast agents in 
medical imaging.

3.5.3 Timeline and burst term analysis
A timeline visualization was created for the keyword clusters 

to analyze how keywords have evolved over time (Figure 9). The 
first high betweenness centrality keywords to appear were “agent” 
and “CT,” which belong to the “gadolinium” and “gold 
nanoparticles” clusters, respectively. The timeline shows that 
clusters such as “gadolinium,” “gold nanoparticles,” “image quality,” 
and “material decomposition” demonstrate strong temporal 
continuity and have maintained high attention over time. In 
contrast, clusters such as “combined glucose–oxygen deprivation,” 
“volume measurement,” and “bile duct stones” exhibit weaker 
temporal continuity, indicating lower levels of ongoing 
research interest.

Figure 10 presents the top 25 most prominent burst terms 
related to the application of iodinated contrast agents in medical 
imaging. The burst term with the highest strength in this study 
was “digital subtraction angiography” (19.38). Analyzing the 
evolution of burst terms reveals that, starting in 1991, terms such 

FIGURE 4

Countries co-occurrence analysis (Each node represents a distinct country. The size of each node corresponds to the number of papers published by 
that country. The lines connecting the nodes illustrate the collaborative relationships between countries, with the thickness of the lines indicating the 
strength of these collaborations).
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FIGURE 5

Cooperative network diagram of research institutions (Each node represents a distinct institution. The size of each node indicates the number of 
papers published by that institution. The lines connecting the nodes represent the collaborative relationships between institutions, with the thickness of 
the lines denoting the strength of these collaborations).

TABLE 1 Top 10 institutions in terms of number of publications and intermediary centrality.

Rank Publication Centrality

Number of publication Institution Centrality Institution

1 126 Harvard University 0.10 Harvard University

2 104 University of California System 0.09 Siemens AG

3 78 Siemens AG 0.08 University of Texas System

4 76 Duke University 0.07 University of California System

5 72 Harvard Medical School 0.06
Institut National de la Sante et de 

la Recherche Medicale (Inserm)

6 67 Massachusetts General Hospital 0.05 General Electric

7 65

Institut National de la Sante et de la 

Recherche

Medicale (Inserm)

0.05
Assistance Publique Hopitaux 

Paris (APHP)

8 65 Mayo Clinic 0.04 Technical University of Munich

9 58 University of Texas System 0.04 Philips

10 57
Center National de la Recherche 

Scientifique (CNRS)
0.04 University System of Ohio
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as “arteriography,” “contrast enhancement,” “carbon dioxide,” and 
“iodized oil” exhibited strong burst strengths, indicating that 
these contrast agent-related technologies received widespread 
attention and application in the early 1990s. Beginning in 1995, 
keywords related to gadolinium-based contrast agents, such as 
“GD-DTPA” and “gadopentetate dimeglumine,” showed high burst 
strengths, continuing through the late 2000s. This reflects the 
growing comparison between gadolinium and iodinated contrast 

agents in clinical applications during that period. In 1997, terms 
like “spiral CT” (19.23) and “helical CT” (15.14) began to burst 
with significant strength, indicating the rapid development of 
novel CT imaging technologies during this time. In the late 2000s 
and 2010s, terms such as “synchrotron radiation” and “dual energy 
CT” started to burst, reflecting the broader adoption of imaging 
techniques like synchrotron radiation imaging and dual-energy 
CT in medical imaging. The keyword “nephrogenic systemic 

FIGURE 6

Author cooperation network map (Each node represents a distinct author. The size of each node corresponds to the number of papers published by 
that author. The lines connecting the nodes indicate the collaborative relationships between authors, with the thickness of the lines denoting the 
strength of these collaborations. Different colors represent various author collaboration clusters).

TABLE 2 Top 10 authors and co-cited authors.

Rank Author Publications (n) First Publication 
Year

Co-cited 
Author

Co-citations 
(n)

First Publication 
Year

1 Pietsch Hubertus 17 2012 Bae KT 262 2003

2 Shi Xiangyang 16 2010 McCollough CH 165 2004

3 Noel Peter B 16 2014 Davenport MS 140 2014

4 Alkadhi Hatem 16 2011 Thomsen HS 136 2006

5 Shen Mingwu 16 2010 Lusic H 125 2014

6 Pfeiffer Daniela 16 2019 Katayama H 123 1994

7 Jost Gregor 14 2013 Johnson TRC 123 2008

8 Douek Philippe 13 2017 Cormode DP 121 2011

9 Lennartz Simon 13 2019 Mccullough PA 120 2006

10 Badea CT 12 2012 Hainfeld JF 119 2010
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TABLE 3 Top 10 most co-cited research articles.

ID Title Journal Publication year First author Co-citations (n) Centrality

1 X-ray-Computed Tomography Contrast Agents Chemical Reviews 2013 Lusic H 51 0.01

2
Dual- and Multi-Energy CT: Principles, Technical Approaches, and Clinical 

Applications
Radiology 2015 McCollough CH 50 0.06

3 Photon-counting CT: Technical Principles and Clinical Prospects Radiology 2018 Willemink MJ 37 0.01

4 Nano-Sized CT Contrast Agents Advanced Materials 2013 Lee N 31 0.00

5
Post-contrast acute kidney injury—Part 1: Definition, clinical features, incidence, 

role of contrast medium and risk factors
European Radiology 2018 van der Molen AJ 31 0.00

6

Use of Intravenous Iodinated Contrast Media in Patients with Kidney Disease: 

Consensus Statements from the American College of Radiology and the National 

Kidney Foundation

Radiology 2020 Davenport MS 31 0.01

7
Accuracy of iodine quantification using dual energy CT in latest generation dual 

source and dual layer CT
European Radiology 2017 Pelgrim GJ 29 0.00

8
Photon-counting CT for simultaneous imaging of multiple contrast agents in the 

abdomen: An in vivo study
Medical Physics 2017 Symons R 28 0.01

9
A High-Performance Ytterbium-Based Nanoparticulate Contrast Agent for In Vivo 

X-Ray Computed Tomography Imaging

Angewandte Chemie-

International Edition
2012 Liu YL 27 0.02

10 Nanoparticle contrast agents for computed tomography: a focus on micelles
Contrast Media & 

Molecular Imaging
2014 Cormode DP 27 0.02
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fibrosis” began to burst in 2008 and continued through 2015, 
indicating heightened concern over nephrogenic systemic fibrosis 
associated with gadolinium- and iodine-based contrast agents 
during that period. Since 2018, keywords such as “iodine 
quantification,” “radiation dosage,” and “risk” have emerged as 
burst terms, highlighting the growing focus on the exposure risks 
of iodinated contrast agents and radiation doses in the field of 
medical imaging. Most recently, since 2021, “deep learning” has 
emerged as a burst keyword, indicating increasing attention and 
recognition of the intersection between artificial intelligence and 
medical imaging.

4 Discussion

This study is the first to systematically present the global research 
status, hotspots, trends, and frontiers in the application of iodinated 
contrast agents in medical imaging over the past 40 years through 
bibliometric analysis using CiteSpace and VOSviewer. The detailed 
visualization maps provided in this study offer a comprehensive 
understanding of the application of iodinated contrast agents in 
medical imaging.

The first publicly available research in this field was published in 
1977. From 1977 to 1990, research on iodinated contrast agents in 

TABLE 4 Top 10 journals according to co-citation counts.

Journal Impact factor (2023) Count Centrality

Radiology 12.1 2,384 0.02

Am J Roentgenol 4.7 1807 0.02

Eur Radiol 4.7 1,526 0.02

Invest Radiol 7.0 1,461 0.02

Eur J Radiol 3.2 1,027 0.01

Brit J Radiol 1.8 852 0.04

Med Phys 3.2 846 0.02

J Comput Assist Tomo 1.0 767 0.02

Acad Radiol 3.8 731 0.02

Phys Med Biol 3.3 686 0.03

FIGURE 7

Keywords contribution analysis (Each node represents a distinct keyword. The size of each node reflects the frequency of that keyword. The lines 
connecting the nodes illustrate the relationships between keywords, while different colors represent various keyword clusters).
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medical imaging was in its exploratory phase, with a relatively small 
number of academic publications. Between 1991 and 2004, the field 
experienced slow development, with a slight annual increase in 
publication volume, likely driven by the introduction of new 
low-osmolar iodinated contrast agents, advancements in injection 
techniques, ongoing developments in imaging technologies, and the 
rise of multimodal fusion imaging. Since 2005, there has been a rapid 
growth phase, with a significant increase in publication volume. This 
trend has persisted despite the disruptions caused by the COVID-19 
pandemic, which led to the suspension or reduction of many research 
projects (22–25). The primary reasons for this trend may include the 
global increase in chronic diseases and the growing need for 
radiological information in medical diagnostics. Techniques such as 
PET/CT play a significant role in clinical practice worldwide (26). 
Consequently, this has significantly expanded the use of iodinated 
contrast agents as a common drug in radiology over the past two 
decades (27).

Globally, 81 countries have conducted research on the 
application of iodinated contrast agents in medical imaging, with 
the United States being the leader in this field, accounting for 
one-third of the total publications. The highest betweenness 
centrality in this research field is concentrated in the 
United States, England, Italy, Belgium, and France, indicating 
close international collaborations among these countries. 
Although Germany and China rank second and third in 
publication volume, their betweenness centrality is not as high, 
suggesting that the research quality or utility in these countries 
may be lower, with fewer international collaborations and less 
widespread dissemination of their research findings. Institutional 
publication volume and collaboration network analyses reveal 
that Harvard University leads the field in publication volume and 
has the highest betweenness centrality, indicating its central role 
in this research domain. Siemens AG follows closely behind 
Harvard University in centrality, highlighting the significant role 
of medical equipment manufacturers. Additionally, other medical 
equipment giants such as General Electric and Philips are also 
among the top  10  in centrality, further underscoring the 
substantial contributions of these companies to the application 
of iodinated contrast agents in medical imaging. In terms of 
author and co-cited author analysis, leading authors like Pietsch 
Hubertus, Shi Xiangyang, and Noel Peter B are prominent in 
terms of research output. However, the research group led by Shi 
Xiangyang has relatively few international collaborations with 
other research groups. Co-citation analysis shows that the work 
of authors like Bae KT, McCollough CH, and Davenport MS has 
received widespread attention, reflecting key research areas such 
as the application of iodinated contrast agents in CT imaging (28, 
29), radiation dose safety (30, 31), and renal function assessment 
(32, 33). In the past decade, the research of authors like Lusic H, 
Johnson TRC, and Cormode DP has gained prominence, 
indicating emerging research areas in molecular imaging (34, 35), 
dual-energy CT technology (36–38), and nanotechnology 
(39–41).

Through keyword co-occurrence and cluster analysis, the primary 
themes and focus areas of research can be better understood. This 
study identified the four major themes in the application of iodinated 
contrast agents in medical imaging: (1) the “gadolinium” field, 
represented by keywords such as “agent,” “angiography,” and “acute T
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kidney injury”; (2) the “gold nanoparticles” field, represented by 
keywords like “in vivo,” “MRI,” and “cancer”; (3) the “image quality” 
field, represented by keywords such as “enhancement,” “CT 
angiography,” and “iterative reconstruction”; and (4) the “liver” field, 
represented by keywords like “CT,” “diagnosis,” and “spiral CT.” These 
clusters all demonstrate strong temporal continuity when viewed on 
a timeline.

To further explore the development trends and turning points 
in the application of iodinated contrast agents in medical 
imaging, and to identify research directions with potential value, 
this study used burst term analysis to highlight terms that 
appeared or were frequently used during specific periods. The 
highest burst term identified in this study was “digital subtraction 
angiography” (19.38). The significant attention to “digital 
subtraction angiography” as a widely used imaging technique for 
vascular examination and interventional therapy was evident 
from 1999 to 2009.The evolution of burst terms over time shows 
that in the early 1990s, foundational technologies related to 
contrast agents, such as “agent” and “arteriography,” were the 
focus of considerable attention. Starting in 1995, gadolinium-
based contrast agents became a research hotspot, with 
comparative studies between gadolinium and iodinated contrast 
agents in clinical applications being a major focus (42). In the late 
1990s and early 2000s, new CT imaging technologies like “spiral 
CT” developed rapidly. In the late 2000s and 2010s, new 
developments in imaging technologies such as “synchrotron 
radiation” and “dual energy CT” gained attention. From 2008 to 

2015, there was significant concern over the issue of “nephrogenic 
systemic fibrosis” caused by contrast agents. In the late 2010s, 
radiation dose and exposure became key issues. Recently, the 
cross-application of artificial intelligence technologies like “deep 
learning” in medical imaging has garnered increasing attention 
(43, 44). These research hotspots reflect important progress and 
trends in the application of contrast agents, the development of 
new imaging technologies, safety assessments, and the application 
of artificial intelligence in this field. The aging global population 
and the further spread of chronic diseases will have a profound 
impact on the development of iodinated contrast agents in 
medical imaging. The future directions in this field are likely to 
focus on lower radiation doses, more precise imaging, and lower 
toxicity contrast agents. This will create opportunities for 
innovations and advancements in nanotechnology, artificial 
intelligence, and CT technology. Additionally, closer global 
academic collaboration and exchange will facilitate the 
dissemination and development of optimal technologies, 
advancing the application of iodinated contrast agents in medical 
imaging to new heights.

5 Limitations

This study has certain limitations that must be acknowledged. First, 
due to compatibility with citation data formats and ensuring high-
quality citation analysis, this study is based solely on the Web of Science 

FIGURE 8

Network map of keywords (Each node represents a distinct keyword. Different colors signify various keyword clusters, with datasets within the same 
cluster exhibiting maximum similarity and datasets in different clusters demonstrating minimal similarity).
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FIGURE 9

Keyword timeline distribution (Each node represents a distinct keyword, and the size of each node reflects the frequency of that keyword. Keywords 
within the same cluster are positioned on the same horizontal line, while different colors denote different keyword clusters).

FIGURE 10

Map of top 25 keywords with the strongest citation bursts (The red line represents the time period in which the keyword appears. Strength represents 
the value of burst detection, where a higher value indicates a higher credibility of the burst word’s appearance during a specific period).
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Core Collection database. Other important databases such as PubMed, 
Scopus, or IEEE Xplore were not included, which may result in 
incomplete coverage of this research field. Second, bibliometrics cannot 
fully and accurately reflect the actual quality and impact of academic 
papers, as citations can be  influenced by various factors such as 
academic environment, norms, and evaluation mechanisms. Third, 
while this study analyzed collaboration networks among countries, 
institutions, and authors, it did not delve deeply into the actual influence 
and research quality behind these collaborations. Lastly, although 
CiteSpace excels in generating and visualizing scientific knowledge 
maps, it may not be as powerful as other specialized tools for deeper 
data analysis, such as text mining or sentiment analysis. Similarly, while 
VOSviewer offers basic visualization options, it may have some 
limitations in customization and personalization, making it challenging 
for users to fully tailor the visualizations to their specific needs, 
potentially rendering the results less intuitive or aligned with 
research objectives.

6 Conclusion

Using bibliometric methods, this study provides the first 
comprehensive and systematic overview of the progress, current 
status, trends, hotspots, and frontiers in the application of iodinated 
contrast agents in medical imaging. Since the first report on the 
application of iodinated contrast agents in medical imaging appeared 
in the Web of Science Core Collection data in 1977, the field has 
continuously evolved over the past 40 years. Globally, several small 
author collaboration clusters and one large collaboration cluster have 
formed, but there remains significant room for collaboration among 
scholars, institutions, and countries. Emerging topics such as “deep 
learning,” “risk,” “radiation dosage,” and “iodine quantification” are 
likely to become future research frontiers and directions, requiring 
scholars’ close attention. This study not only provides a new 
perspective on the application and development of iodinated contrast 
agents in medical imaging but is also expected to offer new insights 
and references for future medical imaging research.
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