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Abstract
Objectives The aim of this bibliometric analysis was to highlight potential future areas for the practical application of 
research on rheumatic heart disease (RHD), considering past and current research efforts.

Methods A systematic search was conducted in the WoSCC to find articles and reviews focused on RHD published 
between 2013 and 2024. Microsoft Excel 2019 was used to chart the annual productivity of research relevant to 
RHD, while ArcGIS (version 10.8) was employed to visualize the global distribution of publications. Analysis tools 
such as CiteSpace (version 6.1.R6) and VOSviewer (version 1.6.18) were utilized to identify the most prolific countries 
or regions, authors, journals, and resource-, intellectual-, and knowledge-sharing in RHD research, and to perform 
co-citation analysis of references and keywords. Additionally, the Bibliometrix R Package was used to analyze topic 
dynamics.

Results From the search, a total of 2,428 publications were retrieved. In terms of countries or regions, the United 
States was the most productive country (566, 23.31%). As for institutions, most publications have been contributed 
by the University of Cape Town (149, 6.14%). Regarding authors, Jonathan R. Carapetis produced the most published 
works, and he received the most co-citations. The most prolific journal was identified as the International Journal of 
Cardiology (70, 2.88%). The study published in Circulation received the most co-citations. Keywords with ongoing 
strong citation bursts included “surgical treatment” and “valvular heart disease”.

Conclusion Despite the rapid advancements in the field of RHD research, future efforts should prioritize 
strengthening collaboration among national institutions to facilitate information dissemination. Current research 
on RHD mainly focuses on prognosis of patients. While, the emerging research trends in RHD encompass treatment 
strategies for complications, including atrial fibrillation (AF), heart failure (HF), and infective endocarditis, as well as 
screening strategies for RHD and surgical interventions for patients with rheumatic mitral valve disease.
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Introduction
Rheumatic heart disease (RHD) is the result of an auto-
immune response triggered by Group A ß-hemolytic 
streptococcus, which is characterized as inflammatory-
fibrotic injury in the cardiac valve [1]. This condition 
causes more than 10 million disability-adjusted life-years 
every year, accounting for most deaths from valvular 
heart disease worldwide [2]. As a neglected disease, it 
presents significant challenges for global health systems, 
particularly in low-income settings [3], causing a high 
disease burden. RHD can lead to severe adverse health 
outcomes, including heart failure (HF), cardioembolic 
stroke, and premature death [4]. Despite being eminently 
preventable, RHD remains the most common cause of 
cardiovascular disease and early mortality globally in 
children and young adults [5].

Currently, the clinical management of RHD faces 
numerous unresolved issues. In low- and middle-income 
countries, diagnosis primarily relies on echocardiogra-
phy, more advanced diagnostic screening methods should 
be explored [6]. There are no definitive treatment guide-
lines for various complications associated with RHD, 
such as atrial fibrillation (AF), HF, and infective endocar-
ditis [3]. Furthermore, for patients with rheumatic mitral 
valve stenosis, choosing whether valve replacement or 
valve repair provides more benefits requires meticulous 
evaluation [7].

To identify critical issues for future research, bibliomet-
rics, an approach for examining academic publications, is 
widely used to comprehensively reveal the research sta-
tus, features, evolution, and emerging trends in specific 
fields. Tools like CiteSpace and VOSviewer software, 
visualization analysis software for bibliometric analysis, 
automatically display interactive visual networks through 
analyzing records of scientific publications [8]. However, 
the bibliometric study on RHD remains a void. To fill this 
knowledge gap, this study aimed to conduct the first in-
depth survey of RHD research over the past decade (2013 
to 2024) via bibliometric analysis to uncover the difficult 
and pressing research issues related to this field, and pro-
vide new sights for future related research.

Methods
Data sources and searches
The Web of Science Core Collection (WoSCC) database 
is the most frequently used database in bibliometrics 
research and covers prestigious and influential journals, 
which are favoured by academic researchers [9, 10]. Thus, 
it was chosen to identify all pertinent publications in our 
study. Records related to RHD were extracted from the 
WoSCC database for the period from January 1, 2013, to 
May 31, 2024. Due to time constraints, the data for 2024 
are still incomplete; therefore, the literature from 2024 
has not been adequately represented in the analysis. To 

enhance indexing, search terms were derived from the 
Medical Subject Headings library and were developed in 
consultation with a medical librarian. The search strat-
egy was as follows: TS = (“rheumatic heart disease” OR 
“rheumatic heart-disease” OR “rheumatic mitral” OR 
“rheumatic aortic” OR “rheumatic tricuspid” OR “rheu-
matic pulmonary” OR “bouillaud disease” OR “bouillauds 
disease”). Both research articles and reviews were consid-
ered invaluable for this study [11]. A language restriction 
was applied, considering only English-language publi-
cations. The retrieved electronic records were saved as 
plain text files and stored in download_txt format. In the 
process of article screening, the two researchers mainly 
screened articles independently without interfering with 
each other, excluding those papers that were not relevant 
to the topic or whose article type was not an article or 
review, to confirm the selected literature. Any disagree-
ments between the paired researchers were resolved 
through discussing with the other researcher after read-
ing all the articles.

Data analysis
Descriptive statistics were used to analyze the data. All 
identified documents were imported into CiteSpace (ver-
sion 6.1.R6), and VOSviewer (version 1.6.18). We used 
CiteSpace to conduct collaboration analysis (of coun-
tries or regions, institutions), co-citation analysis of 
references, and burst detection of keywords. Using VOS-
viewer software, we performed visualization analysis of 
authors and co-cited authors, co-citation analysis of jour-
nals, and clustering analysis of keywords. The dynamics 
of topics were visualized using the Bibliometrix R Pack-
age. ArcGIS (version 10.8) was employed to visualize the 
global distribution of publications. The analysis function 
in the Web of Science database was used to summarize 
external characteristics, including the number of publi-
cations and citations each year. We employed the analy-
sis function in Citespace, setting the unit of analysis to 
either “country” or “institution.” To enhance visualiza-
tion clarity, we focused on countries or institutions with 
more than 20 publications. Additionally, we established 
the unit of analysis as “reference” and conducted cluster 
analysis on the references. In VOSviewer, we performed 
citation analysis, utilizing “authors” or “sources” as the 
unit of analysis, concentrating on those with more than 
10 publications. Furthermore, we used the co-occurrence 
analysis function of VOSviewer, setting the unit of analy-
sis to “all keywords.” In order to improve image clarity, we 
focused on keywords that appeared more than 30 times.

Results
The development trend of publication output
Our retrieval process, depicted in Fig. 1A, included 2428 
publications concerning RHD published from 2013 to 
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Fig. 1 Literature search process, and the changes in the annual publication volume in this field. A Literature search and screening flowchart. B Trends in 
the growth of publications worldwide from 2013 to early 2024
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early 2024. Of these, 2065 were articles (85.05%), and 
363 were reviews (14.95%). The number of annual pub-
lications reflected the development trend in this field 
(Fig.  1B). The output of publications showed a steady 
upward trend from 2013 to 2016, but the annual growth 
was relatively small. A significant rise in publications was 
noted from 2017 to 2021. However, there was no fur-
ther breakthrough in the annual number of publications 
in the last two years. Correspondingly, citations steadily 

increased from 82 in 2013 to 4964 in 2022, and then 
surged to 5474 in 2023.

Distribution of countries/regions
In the past decade, 124 countries/regions have contrib-
uted to the research of RHD (Fig.  2A). The top three 
countries with the highest publication output were the 
United States (n = 566), Australia (n = 346) and China 
(n = 345), accounting for more than half of the total global 
publications (Table 1). South Africa, and India also made 

Fig. 2 The number of publications and co-occurrence network of countries/regions. A The geographical heat map of RHD-related publications. B The 
map of scientific research cooperation relationship between countries or regions

 



Page 5 of 17Chen et al. Journal of Cardiothoracic Surgery          (2024) 19:659 

substantial contributions, each producing more than 200 
articles. Nevertheless, since 2013, most countries have 
generated fewer than 10 publications, and some regions 
have yet contributed any research in this area (Fig. 2A).

The visual representation used circles to denote coun-
tries, with larger nodes indicating higher output. Lines 
between nodes represented collaborative ties, with 
thicker lines indicating closer cooperation. Purple-
rimmed circles indicate the countries with high central-
ity, highlighting the significance of these countries in the 

network (Fig.  2B). The centrality of France and Uganda 
were 0.17, and 0.09 respectively, indicating that these 
countries established cooperation with many regions and 
played an important role in studying RHD. Of note, Tur-
key ranked high in the total amount of articles but low in 
the centrality. This may be related to the academic atmo-
sphere in different countries and regions.

Distribution of institutions
Over the past decade, more than 500 institutions have 
successively carried out research on RHD (Fig.  3). 
Among them, the University of Cape Town (n = 149) 
was the most productive (Table 2), followed by the Uni-
versity of Western Australia (n = 147) and the Uganda 
Heart Institute (n = 71). More than one-third of the top 
ten institutions with the largest number of publications 
were from Australia. Regarding the cooperation between 
institutions, we found that institutions with higher cen-
trality were primarily from Africa and North America, 
such as the University of Cape Town, the University of 
Washington, and Harvard Medical School, highlighting 
the extensive collaborative networks in these regions. In 
contrast, institutions like Royal Darwin Hospital, despite 
a high publication count, showed lower centrality and 
engaged primarily in internal cooperation, particularly 

Table 1 Top 10 productive countries regarding the research on 
RHD
Rank Country Centrality Count (%) ACI* H-index
1 USA† 0.06 566 (23.31%) 19.90 57
2 Australia 0.03 346 (14.25%) 24.30 44
3 China 0.03 345 (14.21%) 12.29 37
4 South Africa 0.01 308 (12.69%) 33.01 36
5 India 0.04 200 (8.24%) 19.56 30
6 England 0.08 155 (6.38%) 26.54 38
7 Brazil 0.01 137 (5.64%) 19.89 26
8 Uganda 0.09 102 (4.20%) 24.48 24
9 Turkey 0.00 81 (3.35%) 6.8 12
10 France 0.17 63 (2.59%) 25.89 34
*ACI, average citations per item; †USA, the United States of America

Fig. 3 Collaboration of institutions in the field of RHD
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with the University of Western Australia. Most institu-
tions, however, were relatively dispersed in their collab-
orative networks.

Authors and co-cited authors
A total of 11,476 authors have been involved in RHD 
research over the past decade. Table 3 details the top 10 
most productive authors, with four from Australia, and 
three from South Africa. The most productive author 
was Jonathan R. Carapetis (n = 90) from the University 
of Western Australia, followed by Andrea Beaton (n = 76) 
from Cincinnati Children’s Hospital Medical Center, 
the United States and Craig A Sable (n = 75) from the 
Children’s National Health System, the United States. 
In line with closeness of connections, the collabora-
tion of the top 88 most productive authors was divided 
into 4 clusters (Fig.  4). Co-cited authors are defined as 
those who are cited by one or more articles at the same 
time. Among the top 10 co-cited authors (Table  4), five 
authors were co-cited more than 500 times. Jonathan R. 

Carapetis (n = 1146) from the University of Western Aus-
tralia ranked first, followed by Bo Remenyi (n = 634) from 
the Charles Darwin University in Australia.

Journals and co-cited academic journals
A total of 2428 articles concerning RHD were published 
in 757 journals, and the top 10 active journals were 
listed in Table 5. The International Journal of Cardiology 
ranked first in the publication output (n = 70, 2.88%), fol-
lowed by Frontiers in Cardiovascular Medicine (n = 53, 
2.18%) and the Cardiovascular Journal of Africa (n = 49, 
2.02%). Among the top 10 journals, three are from the 
United States, and four are from the United Kingdom. 
Among these journals, 9 have impact factors below 5, and 
the majority of them are not categorized in JCR Q1, indi-
cating that high-quality journals have paid less attention 
to the field of RHD.

The number of citations of a journal indicates its influ-
ence in the research field, as shown in Fig.  5. Accord-
ing to the colour of cluster analysis, comprehensive 

Table 2 Top 10 productive institutions regarding the research on RHD
Rank Institution Centrality Count (%) ACI* H-index
1 University of Cape Town

(South Africa)
0.10 149 (6.14%) 41.51 36

2 University of Western Australia (Australia) 0.08 147 (6.05%) 29.79 30
3 Uganda Heart Institute

(Uganda)
0.06 71 (2.92%) 27.39 19

4 Federal University of Minas Gerais (Brazil) 0.04 68 (2.80%) 22.35 17
5 Charles Darwin University

(Australia)
0.02 65 (2.68%) 23.47 25

6 University of Melbourne
(Australia)

0.04 64 (2.64%) 47.69 24

7 University of Washington
(USA†)

0.09 62 (2.56%) 38.82 20

8 Harvard Medical School
(USA)

0.11 60 (2.47%) 25.56 20

9 Royal Darwin Hospital
(Australia)

0.01 55 (2.27%) 17.48 18

10 Groote Schuur Hospital
(South Africa)

0.06 48 (1.98%) 41.94 27

*ACI, average citations per item; †USA, the United States of America

Table 3 Top 10 productive authors in the field of RHD
Rank Author Institution (Country) Documents ACI* H-index
1 Carapetis, Jonathan R University of Western Australia (Australia) 90 50.49 32
2 Beaton, Andrea Z Cincinnati Children’s Hospital Medical Center (USA†) 76 39.68 21
3 Sable, Craig A. Children’s National Health System (USA) 75 25.22 20
4 Okello, Emmy Uganda Heart Institute (Uganda) 62 24.76 20
5 Steer, Andrew C. Royal Children’s Hospital Melbourne (Australia) 47 61.89 24
6 Zühlke, Liesl Joanna University of Cape Town (South Africa) 44 43,69 21
7 Sliwa, Karen University of Cape Town (South Africa) 38 31.29 17
8 Ralph, Anna Charles Darwin University (Australia) 38 22.06 17
9 Mayosi, Bongani University of Cape Town (South Africa) 33 84.23 24
10 Wyber, rosemary University of Western Australia (Australia) 32 32.55 15
*ACI, average citations per item; †USA, the United States of America
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Table 4 Top 10 co-cited authors in the field of RHD
Rank Co-cited author Institution (Country) Co-citations H-index
1 Carapetis, Jonathan R University of Western Australia (Australia) 1146 32
2 Remenyi, Bo Charles Darwin University (Australia) 634 12
3 Marijon, Eloi Université Paris Cité (France) 619 12
4 Watkins, David University of Washington (USA†) 605 14
5 Beaton, Andrea Cincinnati Children’s Hospital Medical Center (USA) 517 21
6 Guilherme, Luiza Universidade de São Paulo (Brazil) 467 7
7 Zühlke, Liesl Joanna University of Cape Town

(South Africa)
420 18

8 Sliwa, Karen University of Cape Town
(South Africa)

380 15

9 Steer, Andrew C National Institutes of Health (USA) 340 33
10 Cunningham, Madeleine W. University of Oklahoma Health Sciences Center (USA) 288 15
†USA, the United States of America

Fig. 4 Cooperation network among the authors
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medical periodicals such as Plos One and BMJ Open are 
all located in the green cluster; Academic journals in 
the field of heart research, such as Lancet Global Heart, 
and Heart are located in the blue cluster, while academic 
journals in the field of cardiac surgery research, such as 
the Journal of Thoracic and Cardiovascular Surgery, the 
Journal of Cardiac Surgery are located in the red cluster. 
In the top ten co-cited journals (Table 6), six have impact 
factors greater than 5, and all of these journals are clas-
sified as Q1. Among them, the Lancet has the highest 
impact factor, reaching 98.4, showing the high quality of 

articles related to RHD and the academic significance of 
this research.

Co-cited references
Research frontiers refer to emerging trends or the devel-
opment of new topics. When two references were cited 
in the reference list of a third paper, they established a 
co-citation relationship. The clustering labels assigned to 
co-cited references can reflect the forefront of research in 
specific medical fields. We analyzed 776 co-cited refer-
ences, and the top 10 were displayed in Table 7. The arti-
cle “The global burden of group A streptococcal diseases” 

Table 5 Top 10 productive journals in the field of RHD
Rank Journal Publications 

(%)
Country IF# (2023) SCImago 

journal rank
JCR* H-

in-
dex

1 International Journal of Cardiology 70 (2.88%) Ireland 3.2 1.126 Q2 146
2 Frontiers in Cardiovascular Medicine 53 (2.18%) Switzerland 2.8 0.863 Q2 69
3 Cardiovascular Journal of Africa 49 (2.02%) South Africa 0.7 0.302 Q4 42
4 Cureus Journal of Medical Science 46 (1.89%) USA† 1.0 / Q3 /
5 Global Heart 40 (1.65%) The United Kingdom 2.9 1.022 Q2 46
6 PloS ONE 39 (1.61%) USA 2.8 0.839 Q1 435
7 BMC Cardiovascular Disorders 37 (1.52%) The United Kingdom 1.9 0.646 Q3 71
8 Echocardiography–a journal of 

cardiovascular ultrasound and allied 
techniques

36 (1.48%) USA 1.6 0.384 Q3 57

9 BMJ Open 32 (1.32%) The United Kingdom 2.4 0.971 Q1 160
10 Heart 30 (1.24%) The United Kingdom 5.1 1.736 Q1 207
*JCR, Journal Citation Reports; #IF, Impact Factor; †USA, the United States of America

Fig. 5 VOSviewer network visualization map of the co-citation of journals
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in the Lancet Infectious Diseases (IF = 36.4) ranked first 
with co-citation counts of 327, followed by the article 
“Global, Regional, and National Burden of Rheumatic 
Heart Disease, 1990–2015” published in the New Eng-
land Journal of Medicine (IF = 96.2) with co-citation 
counts of 304. Regarding the topics across these highly 
co-cited references, the echocardiographic diagnosis and 
screening of RHD are particularly prominent. The top 
ten co-cited articles have all been published in first-class 
journals such as the Lancet and New England Journal of 
Medicine. Furthermore, CiteSpace was used to generate 
co-cited network and cluster analyses by us (Fig. 6). Co-
cited references were divided into 18 clusters, such as 
echocardiographic prevalence (#0), infective endocarditis 
(#4), pregnant woman (#7), heart failure (#10), rheumatic 
mitral stenosis (#11), and valve surgery (#14). In a word, 
echocardiographic prevalence, infective endocarditis, 

heart failure, and valve surgery are the emerging research 
trends in RHD.

Keyword analysis
The research hotspots and future directions in the field of 
RHD were partially reflected in the analysis of keywords 
(Fig.  7A). The results show high-frequency keywords 
with specific meanings included fever (n = 299), echo-
cardiography (n = 226), children (n = 209), atrial fibril-
lation (n = 132), surgery (n = 94), stroke (n = 66), repair 
(n = 50), and pregnancy (n = 49). These keywords repre-
sent the past, current or future hotspots in the field. As 
illustrated in Fig. 7A, the result suggests that the clusters 
should be divided into the following four domains: (1) 
RHD is a cardiac valve disorder that develops as a result 
of the progression of rheumatic fever, which occurs due 
to an infection caused by group A streptococcus bacteria 

Table 6 Top 10 co-cited journals in the field of RHD
Rank Journal Citations Country IF# (2023) SCImago journal rank JCR* H-index
1 Circulation 4866 USA† 35.5 8.415 Q1 570
2 Journal of the American College of Cardiology 2605 USA 21.7 8.762 Q1 394
3 Lancet 2214 The United Kingdom 98.4 12.113 Q1 700
4 New England Journal of Medicine 2091 USA 96.2 20.544 Q1 933
5 European Heart Journal 2009 The United Kingdom 37.6 4.091 Q1 265
6 Heart 1607 The United Kingdom 5.1 1.736 Q1 165
7 International Journal of Cardiology 1369 Ireland 3.2 1.126 Q2 108
8 Journal of Thoracic and Cardiovascular Surgery 1239 USA 4.9 1.744 Q1 180
9 American Journal of Cardiology 1091 USA 2.3 0.950 Q2 206
10 PloS One 1057 USA 2.9 0.839 Q1 268
*JCR, Journal Citation Report; #IF, Impact Factor; †USA, the United States of America

Table 7 Top 10 highly co-cited publications in the field of RHD
Rank Title Citation Year Journal Type IF# 

(2023)
1 The global burden of group A streptococcal diseases 327 2005 Lancet Infectious 

Diseases
Review 36.4

2 Global, Regional, and National Burden of Rheumatic Heart Disease, 1990–2015 304 2017 New England Jour-
nal of Medicine

Article 96.2

3 World Heart Federation criteria for echocardiographic diagnosis of rheumatic 
heart disease–an evidence-based guideline

295 2011 Nature Reviews 
Cardiology

Review 41.7

4 Rheumatic heart disease 203 2012 Lancet Review 98.4
5 Prevalence of rheumatic heart disease detected by echocardiographic 

screening
197 2007 New England Jour-

nal of Medicine
Article 96.2

6 Characteristics, complications, and gaps in evidence-based interventions in 
rheumatic heart disease: the Global Rheumatic Heart Disease Registry (the 
REMEDY study)

193 2015 European Heart 
Journal

Article 37.6

7 Acute rheumatic fever and rheumatic heart disease 141 2016 Nature Reviews 
Disease Primers

Review 76.9

8 Revision of the Jones Criteria for the diagnosis of acute rheumatic fever in the 
era of Doppler echocardiography: a scientific statement from the American 
Heart Association

121 2015 Circulation Article 35.5

9 Echocardiography screening for rheumatic heart disease in Ugandan 
schoolchildren

117 2012 Circulation Article 35.5

10 Position statement of the World Heart Federation on the prevention and con-
trol of rheumatic heart disease

109 2013 Nature Reviews 
Cardiology

Review 41.7

#IF, Impact Factor
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through the respiratory tract or skin. Targeted treatment 
against group A streptococcus is of utmost importance 
in effectively managing the progression of this disease. 
(green cluster including “rheumatic fever”, “group a strep-
tococcus”, “mechanism”, “polymorphism”, “pharyngitis”, 
“c-reactive protein”); (2) It is the most common acquired 
heart disease in children worldwide, and early diagno-
sis and screening using echocardiography are crucial. 
(yellow cluster including “echocardiography”, “children”, 
“prophylaxis”, “diagnosis”, “carditis”, “screening”); (3) The 
selected surgical techniques available for RHD include 
interventional, surgical repair, mechanical valve, and 
bioprosthetic valve replacement. (blue cluster including 
“mitral stenosis”, “regurgitation”, “valvotomy”, “replace-
ment”, “ballon valvuloplasty”); (4) There are currently no 
guidelines for postoperative medication for the preven-
tion of complications. (red cluster including “prevention”, 
“cardiac surgery”, “risk”, “stroke”, “warfarin”, “therapy”, 
“infective endocarditis”, “atrial fibrillation”).

The top 15 keywords with the strongest citation burst 
are shown in Fig. 7B. Additionally, we displayed the evo-
lution of keyword trends in Fig. 7C, showing the changes 
in research topics over time. The analysis reveals that 

keywords such as high prevalence, carditis, inflamma-
tion, risk-factors, and c-reactive protein indicated that 
the epidemiology and mechanisms of RHD were the hot 
topics in the past; while keywords like trend, valvular 
heart disease, and outcomes inferred that the prognosis 
of patients with RHD were the hotspots studied in RHD 
at present.

Discussion
General information
The trend of annual publication outputs illustrates that 
the development of this field in the past decade can be 
segmented into an initial slow rise followed a more rapid 
increase. This variation in the pace of development may 
be attributed to improvements in diagnostic techniques, 
notably the vital role of echocardiographic screening 
which has significantly enhanced the accuracy of RHD 
diagnosis and emphasized the burden of the disease. The 
two Global RHD Registry (REMEDY) studies conducted 
in 2015 and 2016 documented high rates of disability and 
premature mortality in some African and Asian countries 
[12, 13]. In response to the global burden of RHD, the 
World Health Organization (WHO) adopted a resolution 

Fig. 6 Reference analysis in the field of RHD
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in May 2018 aimed at revitalizing global and national 
efforts towards RHD prevention and control [14]. Since 
then, scholars’ activity in this domain has surged signifi-
cantly. However, the resolution only sought to ensure 
access to primary and secondary prevention and did not 
mention the critical role of surgical care for RHD, which 
is a condition that highly relies on surgical interven-
tion [5]. This oversight may result in inadequate care for 
patients with RHD, particularly in regions with limited 
surgical resources. Furthermore, the trends and hotspots 
identified in this study emphasize the crucial role of 

surgical treatment in the management of RHD. The omis-
sion of this aspect in the WHO resolution may indicate 
a disconnect between policy-making and clinical needs, 
highlighting the necessity of strengthening global health 
policies regarding surgical care for RHD. Consequently, 
future resolutions should comprehensively address the 
treatment needs of RHD, including surgical care, to 
ensure that all patients have access to essential medical 
services. Severe and chronic structural changes in the 
valves represent a major cause of mortality associated 
with RHD. A notable lack of awareness often leads to 

Fig. 7 Keyword analysis. A VOSviewer cluster visualization of keywords. B Top 15 keywords with the strongest citation bursts. C The evolution of keyword 
trends
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delayed diagnosis of advanced valve pathology, rendering 
many patients ineligible for potentially beneficial surgical 
interventions. Therefore, early screening appears particu-
larly important. Although valve replacement surgery pro-
vides initial benefits for patients, it also poses significant 
challenges in managing postoperative complications [15]. 
It is concerning that the growth in annual publication 
output has stagnated since last year, signalling a bottle-
neck in RHD research development, particularly as the 
increasing cumulative risk of postoperative complica-
tions in RHD patients poses ongoing challenges due to 
the absence of optimal management strategies [16].

Regarding the collaborative networks among countries, 
institutions, and authors, it can be observed that aca-
demic resources in low- and middle-income countries 
still lag behind those in high-income countries. For exam-
ple, Brazil and Turkey, as representatives of low- and mid-
dle-income countries, have shown significant publication 
output worldwide. However, their international influence 
in this field remains relatively weak, as evidenced by their 
almost isolated status in the collaborative network. Insti-
tutions from South Africa, exemplified by the University 
of Cape Town, have established extensive collaborative 
networks with institutions from various countries, mak-
ing significant contributions to RHD research. Moreover, 
researchers in South Africa, such as Liesl Joanna Zühlke 
and Bongani Mayosi from the University of Cape Town, 
have established collaborative relationships with schol-
ars from various countries. Consequently, the region has 
emerged as a leader in RHD research. As for the collabor-
ative networks of high-income countries, institutions in 
Europe and the Americas maintain strong connections. 
However, compared with scholars from Europe and the 
United States, Australian scholars have exhibited greater 
activity in collaborations within this field in recent years. 
For example, Emma Haynes and Asha C Bowen from the 
University of Western Australia have conducted research 
on community-based primary prevention and man-
agement of RHD [17] and the development of Group A 
streptococcus vaccines [18].

The comprehensive results of publication output and 
citations indicate that Circulation holds a reputation as 
the most influential journal in the field. It serves as an 
authoritative source for cardiovascular research and is 
responsible for publishing clinical practice guidelines 
endorsed by the American College of Cardiology/Ameri-
can Heart Association. These guidelines cover a range of 
topics, including the management of valvular heart dis-
eases and primary prevention of cardiovascular diseases 
[19, 20]. Furthermore, Circulation is dedicated to pub-
lishing pioneering research in certain unexplored areas 
of RHD, such as latent RHD: identifying the children 
at the highest risk of unfavourable outcomes [21], and 

pregnancy outcomes in women with rheumatic mitral 
valve disease [22].

Research hotspots
Based on the results of keyword clustering and cita-
tion analysis, the following suggestions are proposed for 
future research hotspots in the field of RHD.

(1) Treatment of complications of RHD
Patients with RHD have varying degrees of valvular 
damage. Research has shown that 20% of patients with 
symptomatic valve disease also have concomitant AF 
[15], which is associated with a high risk of stroke and 
systemic embolism ranging from 0.4 to 4.2% per year 
[23, 24]. Due to the elevated stroke risk in patients with 
RHD-associated AF, early clinical trials conducted in 
Europe and America targeting anticoagulation in patients 
with AF, as well as contemporary randomized trials using 
direct oral anticoagulants (DOACs) for stroke preven-
tion, have both excluded individuals with RHD associated 
AF [25–27]. Currently, there is a lack of sufficient clinical 
evidence to support clinical decisions regarding the com-
bination of RHD-associated AF. Nevertheless, the 2020 
European Society of Cardiology guidelines continue to 
recommend the use of vitamin K antagonists (VKAs) for 
stroke prevention in this specific patient population [28]. 
In low- and middle-income countries, it is challenging 
to achieve the optimal range of international normalized 
ratio (INR) when using VKAs to treat patients with RHD-
associated AF. Given these challenges, there is a pressing 
need for DOACs suitable for RHD-associated AF that do 
not require INR monitoring. In recent years, rivaroxaban, 
a DOAC that does not require monitoring of INR, has 
shown benefits for patients with non-valvular AF; how-
ever, whether the same benefits exist for patients with 
RHD-associated AF remains to be confirmed. Recently, 
a randomized controlled trial (RCT) involving 4,565 
patients with RHD-associated AF recruited from 24 
countries demonstrated that VKAs were associated with 
lower rates of composite outcome of stroke, systemic 
embolism, myocardial infarction, or vascular (cardiac 
or non-cardiac) or unknown cause death than rivaroxa-
ban therapy, without a higher rate of bleeding, and was 
effective beyond 3 years [29]. This evidence appeared to 
support the recommendations outlined in the guidelines 
[28]. A previous meta-analysis compared data from four 
oral anticoagulants for stroke prevention or systemic 
embolism events in patients with AF. The results showed 
that rivaroxaban was not inferior to warfarin in prevent-
ing stroke in patients with non-valvular AF, and it sig-
nificantly reduces the risk of hemorrhagic stroke, leading 
to a 10% reduction in mortality for patients with AF [30, 
31]. Although this study provided important insights into 
the role of rivaroxaban in reducing the risk of bleeding in 
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patients with non-valvular AF, it was crucial to note that 
these results were not necessarily applicable to RHD-
associated AF.

In the studies conducted on valvular and non-valvular 
AF [32], why do VKAs show inconsistent bleeding risks 
compared with rivaroxaban? The underlying reasons for 
this phenomenon still need further clarification. Addi-
tionally, the incidence of valve replacement surgery or 
valvuloplasty is similar between the VKAs group and 
the rivaroxaban group, and VKAs therapy has not been 
proven to slow down the progression of heart valve dete-
rioration in patients with RHD [29]. From the perspec-
tive of valve progression in patients with RHD, it is still 
unclear which treatment is superior between VKAs and 
rivaroxaban in the management of RHD-associated AF. 
In the future, large-scale RCTs of different anticoagulant 
therapies will still be needed to explore the optimal treat-
ment strategy for patients with RHD-associated AF.

In RHD, inflammation and fibrosis of central cardiac 
and valve tissue are the main manifestations [33]. Mitral 
stenosis, caused by valve fibrosis, can increase left atrium 
and pulmonary pressure, leading to the main com-
plaint of HF [4]. Currently, there are no specific treat-
ment guidelines for the management of HF in patients 
with RHD. In clinical practice, the treatment of HF in 
patients with RHD mainly focuses on symptomatic man-
agement, and there is no targeted treatment available 
for the key pathological mechanism of fibrosis in HF in 
patients with RHD [34]. The 2022 AHA/ACC/HFSA HF 
management guidelines recommend the use of SGLT2 
inhibitors in adults with HF and confirmed that SGLT2 
inhibitors were the preferred medications for treating 
HF [35]. Dapagliflozin, an SGLT2 inhibitor, has been 
shown in multiple studies to treat HF through the anti-
fibrotic pathway [36, 37]. It is unknown whether it plays 
a role in inhibiting fibrosis or improving heart function 
in patients with RHD with mitral stenosis. Recently, an 
RCT involving 33 patients with RHD with mitral stenosis 
in Indonesia demonstrated that dapagliflozin improved 
net atrioventricular compliance, mitral valve mean pres-
sure gradient parameter, and NT-pro-BNP levels, thereby 
enhancing left atrial function. However, even with the use 
of dapagliflozin, ongoing fibrosis was indicated by fibro-
sis biomarkers such as circulating carboxy-terminal pro-
peptide of type I procollagen, the ratio between matrix 
metalloproteinase 1 and tissue matrix metalloprotein-
ase inhibitors 1, suggesting that dapagliflozin does not 
act through the fibrosis pathway in patients with RHD 
with mitral stenosis [38]. In this study, the anti-fibrotic 
effects of dapagliflozin in the treatment of HF caused by 
RHD with mitral valve stenosis were not confirmed. The 
fibrotic signalling pathway in RHD is still under investi-
gation, and other pathways may have effects beyond what 
is currently known. Research has shown that various 

cytokines and signalling pathways, such as angiotensin 
II, TGF-β, MAPK, and miR-145-5p/S1PR1, are involved 
in cardiac fibrosis in RHD [39–41]. Angiotensin II may 
induce cardiac fibrosis by increasing the binding of IL-33 
and sST2, activating the TGF-β/MAPK/Smad signalling 
pathway to promote inflammation, cell proliferation, dif-
ferentiation, and extracellular matrix remodelling [39]. 
Therefore, angiotensin-converting enzyme inhibitors are 
considered potential targeted drugs for fibrosis related 
to RHD [42]. However, the role of angiotensin-convert-
ing enzyme inhibitors in RHD cases is still under study 
and has not been confirmed [43]. In addition, an animal 
experiment has shown that LINC00707, a lncRNA, can 
inhibit cardiac fibrosis in RHD by targeting miR-145-5p/
S1PR1, providing a basis for the clinical development of 
targeted drugs [41]. In recent years, the role of traditional 
Chinese medicine in combating cardiac fibrosis has been 
increasingly confirmed. The main active compound of 
Salvia miltiorrhiza, Salvianol, can counteract myocar-
dial tissue fibrosis in rats with myocardial infarction by 
regulating the level of miR-618 [44]. Berberine, an extract 
from Coptis chinensis, can inhibit angiotensin II-induced 
cardiac fibrosis by down-regulating the activity of cyclin-
dependent kinase 2 [45]. Astragaloside IV can inhibit 
cardiac fibrosis by targeting miR-135a and activating the 
TGF-β/Smads pathway [46]. This provides a new possi-
bility for the traditional Chinese medicine treatment of 
fibrosis in RHD. In the future, extensive research is still 
needed on the key pathological mechanism of fibrosis in 
HF caused by RHD with mitral valve stenosis, as well as 
the exploration of more targeted therapeutic drugs.

In addition, apart from complications like AF and HF, 
infective endocarditis is also commonly seen as a com-
plication of RHD [47]. However, there are currently no 
large-scale clinical RCT studying this, which is an area 
that needs to be explored in future research.

(2) Screening strategies for RHD
Subclinical valve lesions of RHD detected in the early 
stages are reversible. Before the valve lesions become 
irreversible, the risk of developing late-stage valve heart 
disease can be minimized through antibiotic prophylaxis 
[48]. Echocardiography serves as the most critical diag-
nostic tool for identifying this preventable and treatable 
disease, playing a valuable role in detecting the presence 
of subclinical diseases that require prompt treatment or 
follow-up evaluation [49]. Portable and rapid echocar-
diography can help determine the disease burden and 
establish referral pathways in RHD screening, provid-
ing policy information for expanding RHD control pro-
grams [50]. M-mode and two-dimensional transthoracic 
echocardiography can assess atrial function, size, and 
valve function [51]. Continuous echocardiography can 
monitor RHD progression and evaluate the effectiveness 
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of valve replacement surgery [52]. Three-dimensional 
echocardiography provides additional anatomical and 
morphological functional information for patients with 
rheumatic valve disease [53]. Recently, Cardiovascular 
magnetic resonance (CMR) has been proven to be capa-
ble of performing many of the aforementioned applica-
tions, and multi-parametric CMR has been used for the 
diagnosis and management guidance of patients with 
RHD in small sample sizes [54]. The advantage of CMR 
in RHD, particularly when ultrasound imaging is sub-
optimal, lies in its ability to provide accurate and repro-
ducible information about tissue characteristics such as 
myocardial fibrosis without relying on adequate acous-
tic windows and operator experience. For instance, 
in a study involving three patients with chronic RHD, 
CMR was found to be associated with late gadolinium 
enhancement in the atrial wall [55]. In the future, CMR 
may play an increasingly important role in the evalua-
tion and management of patients with RHD. However, 
its utility may be limited in its utility for assessing RHD 
in countries with a high RHD prevalence due to testing 
costs and limited expertise. A simpler, more functional, 
and cost-effective testing method is eagerly awaited by 
many high-prevalence countries.

(3) Surgical strategies for rheumatic mitral valve
Common pathological changes in rheumatic mitral ste-
nosis include commissural fusion, tendon fusion and 
shortening, leaflet thickening, and fusion [56]. Percu-
taneous mitral balloon commissurotomy (PMBC) is 
recommended by the American College of Cardiol-
ogy/American Heart Association as an intervention for 
rheumatic mitral stenosis [20], but appropriate surgi-
cal procedures must still be chosen when contraindica-
tions such as valve calcification and mitral regurgitation 
are present. Mitral valve replacement (MVR) and mitral 
valve repair (MVP) are the most widely used and effec-
tive surgical methods for rheumatic mitral stenosis. 
Major complications associated with mechanical valve 
replacement include thrombosis, thromboembolism, 
and bleeding [57], which require long-term anticoagu-
lation after surgery with regular monitoring of the INR. 
For special populations such as young pregnant women, 
anticoagulant therapy after MVR surgery is susceptible to 
the effects of maternal stroke and adverse fetal outcomes 
[57]. Additionally, there is controversy surrounding the 
optimal starting dose and duration of postoperative anti-
coagulation. The American College of Chest Physicians 
recommends an initial dose of 5-10 mg/day for individu-
als requiring long-term anticoagulation [58]. However, 
when the dosage exceeds 5  mg, most patients surpass 
the upper limit of the therapeutic range, potentially lead-
ing to inconsistent anticoagulation therapy and increas-
ing the risk of bleeding and delayed INR response [59]. 

Many clinical practices thus favour using lower-dose 
warfarin. A prospective, single-blind, RCT conducted in 
the United States compared the time to achieve target 
INR, time within the therapeutic range, and occurrence 
of bleeding/thromboembolic events between post-MVR 
patients who received an initial warfarin dose of 5 mg or 
3  mg. The results indicated that in post-MVR patients, 
the time to achieve target INR was shorter with an ini-
tial dose of 5  mg than with 3  mg, and the use of 5  mg 
warfarin as an initial dose significantly reduced the cost 
of bridging with enoxaparin, while bleeding events were 
comparable [60]. A Canadian study also confirmed these 
findings [61]. Further profound research on the initial 
dose and duration of anticoagulation therapy after MVR 
is necessary to guide clinical practice. In addition, the 
mismatch between mechanical valves and patients raises 
the risk of patient mortality [62]. Improving the compat-
ibility between mechanical valves and the body is also a 
challenging area of research. Biological heart valves are 
costly and prone to early degeneration. For young women 
of childbearing age, there is a significantly higher likeli-
hood of requiring early reoperation [63].

MVP requires the selection of different techniques 
based on the specific pathological characteristics of the 
patient’s valve, such as subvalvular debridement, annu-
loplasty, and subvalvular instrumented lysis et al. [64]. 
The variety and complexity of rheumatic lesions make 
valve repair much more demanding than that of degen-
erative diseases, thus testing the expertise of the surgeon 
and the facility’s capabilities [65]. Studies have indicated 
that MVP has demonstrated positive results for patients 
with RHD, with long-term survival rates exceeding those 
of MVR, particularly in young patients [66, 67]. How-
ever, despite undergoing MVP surgery, the inflammatory 
processes associated with the disease persist postop-
eratively, and the underlying factors causing the disease 
remain unresolved. Thus, lifelong prophylactic antibiotic 
use is still necessary after surgery [68]. Furthermore, the 
evolving nature of inflammatory diseases renders the 
outcomes less predictable. If medical treatments target-
ing the rheumatic process and cardiac failure fail to sta-
bilize the condition, the prognosis remains quite bleak 
for children under the age of 10–12 with severe valvular 
dysfunction, regardless of whether they undergo MVP 
or MVR [68]. In low- and middle-income countries, lim-
ited availability of skilled professionals and constrained 
healthcare budgets reduce the likelihood of widespread 
implementation of such surgery. In addition, several 
challenges persist regarding surgical strategies for MVP: 
(1) Timing of Surgery: the progressive stenosis results 
in reducing appropriateness of repair [68]; (2) Surgeon 
Expertise: when a surgeon’s expertise is insufficient, the 
risk of poor outcomes during attempts at repair is real 
[69]; (3) Patient Circumstances: some patients in rural 
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areas and low- and middle-income countries do not have 
the ability of follow-up or affording re-intervention [70]; 
(4) Multidisciplinary Evaluation: comprehensive assess-
ment by a multidisciplinary cardiac team is essential for 
improving patient outcomes [71]. To address these issues, 
both future clinical practice and clinical trials should 
focus on the following strategies: (1) Implement extensive 
screening initiatives in endemic regions to facilitate early 
symptom identification and timely surgical intervention. 
Additionally, incorporate advanced diagnostic modali-
ties to determine the optimal timing for surgery [72]; 
(2) Advocate for increased financial investment by local 
governments and public health departments to provide 
targeted cardiac surgery training for surgeons. Promote 
cross-center collaboration and knowledge exchange, and 
establish a comprehensive evaluation system for cardiac 
surgeons to enhance their professional expertise [73]; (3) 
Conduct a thorough assessment of the patient’s back-
ground, considering their preferences, financial situation, 
and adherence, to develop a personalized follow-up and 
treatment plan [3]; (4) Establish specialized medical cen-
ters for the treatment of rheumatic heart valve disease 
and convene regular multidisciplinary case discussions to 
promote effective collaboration and knowledge sharing 
among multidisciplinary experts [74].

Research comparing the long-term outcomes of 
mechanical valve replacement, biological valve replace-
ment, and valve repair remains limited. A recent meta-
analysis of 11 studies containing a total of 5,654 patients 
concluded that compared with patients who undergo 
MVR, those who undergo MVP benefit from a higher 
long-term survival rate, a lower risk of early mortal-
ity, and better outcomes regarding valve-related adverse 
events. However, a higher risk of reoperation was 
observed in the MVP group [75]. In the future, a large 
number of RCTs are still needed to compare the clinical 
efficacy of MVP and MVR, in order to identify the best 
treatment options for patients.

Strengths and limitations
Bibliometric methods have efficiently highlighted the 
hot topics and trends within RHD research. To our 
knowledge, this is the first bibliometric analysis of RHD. 
However, these methods cannot replace systematic 
reviews due to their methodological limitations. There-
fore, this review faces several limitations. Firstly, the 
study exclusively utilized the WoSCC database, poten-
tially overlooking contributions from other publication 
sources. Secondly, bibliometric analysis does not assess 
the quality of literature; therefore, the inclusion of low-
quality articles may compromise the analysis. Thirdly, 
the authors devised the search strategy for this study by 
consulting the MeSH vocabulary and collaborating with 
a medical librarian. However, some potentially relevant 

terms may have been overlooked, leading to the exclu-
sion of related articles. Fourthly, this study included only 
English-language literature, which may have overlooked 
valuable findings in non-English documents, leading to 
incomplete data. Lastly, due to time constraints, the most 
recent literature from 2024 was not incorporated.

Conclusions
This comprehensive analysis indicates that research on 
RHD is expanding. While North America and Europe 
continue to wield significant academic influence, institu-
tions in low- and middle-income countries such as South 
Africa and China have demonstrated substantial poten-
tial in this area. Issues such as the treatment of com-
plications associated with RHD, including AF, HF, and 
infective endocarditis, as well as screening strategies for 
RHD and surgical treatment for rheumatic mitral valve 
disease, remain areas of active inquiry. These clinical 
challenges have attracted considerable attention recently 
and are poised to be pivotal focuses of future research 
efforts.
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