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Background Artificial intelligence (Al) is a modern tool that increases the diagnostic precision of the classical electro-
cardiogram (ECG). The objective of this bibliometric analysis was to identify the 50 most cited articles in the domain
of Al'in ECG, emphasizing publication trends, citation metrics, prominent authors and journals, leading institutions,

Results The 50 most cited articles on Al in ECG were published between 2000 and 2020 across 25 journals. The mean
citations per article were 488.0, with the highest citations count being 1870. IEEE Transactions on Biomedical Engi-
neering’and ‘Computers in Biology and Medicine’ published the highest number of articles, while Rajendra Acharya

U and RS Tan were the most contributing authors. The USA and China had a total of 14 publications, and Singapore

Conclusions This bibliometric analysis provides clinicians and researchers with an overview of evolution and pro-
gression of Al in the domain of ECG. Improved collaborations among different countries and institutions are essential
for achieving advancements in the utilization of Al in ECG.
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Background

Artificial intelligence (AI) has grown into a revolution-
ary tool for modern healthcare system, transforming
diagnostic accuracy and precision, clinical decision-mak-
ing, and patient-centered management [1]. AI improves
the interpretation of complicated medical data by using
machine learning algorithms and neural networks,
facilitating precise diagnosis of a variety of diseases [2,
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3]. Cardiovascular disorders rank among the top three
domains that researchers have focused on in the growing
body of literature on Al [4]. Application of Al in cardio-
vascular domain has gained significant attention in the
past, especially in the field of electrocardiogram (ECG)
[5].

Since Willem Einthoven’s pioneering development
of the ECG in the late nineteenth century, cardiovascu-
lar system has been profoundly shaped by technological
innovation [6]. ECG is a diagnostic technique that entails
detecting and measuring electrical activity of the heart,
which is subsequently transcribed into a graphical for-
mat for analysis in the clinics [7]. ECG serves as a critical
tool in clinical practice, not only for identifying conduc-
tion abnormalities but also for assessing a wide range of
cardiac pathologies, thereby supporting timely diagnosis
and patient management. Its versatility in detecting both
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structural and functional heart irregularities underscores
its indispensable role in improving cardiovascular care
outcomes [8].

Today, Al emerges as an evolution of Einthoven’s leg-
acy, enhancing the ECG’s diagnostic capabilities while
offering clinicians nuanced insights to improve patient
outcomes, streamline workflows, and address complex
cardiac challenges with greater precision [9]. Moreover,
Al in ECG has also demonstrated promise in risk stratifi-
cation and patient prognosis prediction, supporting indi-
vidualized and patient-centered treatment plans [10].

Apart from these advances in the literature, a thorough
bibliometric analysis assessing the research patterns
and trends, citation analysis, networks of collaboration
between authors and countries, and thematic develop-
ment of Al in ECG is still lacking. Although individual
studies have examined and reported about Al usage in
ECG, a comprehensive evaluation of worldwide research
output and highlighting the significant contributions is
still a need. This type of analysis can help in determining
the knowledge gaps, directing future research, and maxi-
mizing the integration of Al usage in ECG and clinical
cardiology.

The aim of this bibliometric analysis is to bridge this
gap by systematically analyzing the top 50 most cited
articles on Al in ECG. This bibliometric analysis of the 50
most cited articles seeks to delineate this field’s concep-
tual boundaries by analyzing the publication timeline and
trends, authorship and institution networks, keyword
clusters, and citation dynamics. Moreover, the findings of
this analysis will help the researchers, clinicians, and pol-
icymakers make informed decisions regarding Al-driven
innovations in the field of cardiovascular medicine.

Method

Approval from any ethics committee or the institutional
review board was exempted for this bibliometric study as
the data utilized for it were available publicly.

Data source

Science Citation Index Expanded database from the Web
of Science Core Collection (WoSCC) was utilized to
acquire and extract the data for this study. Web of science
is one of the most extensive and comprehensive data-
bases available, providing substantially greater journal
coverage and assessments of journal quality [11]. Moreo-
ver, the majority of bibliometric studies have employed
this database to extract data [12].

Search strategy

The search query on WoSCC utilized an advanced mode
with topic search, along with the keyword strategy com-
prising of [TS =(Artificial Intelligence) OR (AI) OR
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(Machine Learning) OR (Neural Network) OR (Deep
Learning) OR (Computational Intelligence) OR (Com-
puter Reasoning) AND (Electrocardiogram) OR (ECQG)
OR (EKG) OR (Electrocardiography)]. This search strat-
egy produced 87,731 articles, which were further limited
to those written exclusively in English language, yielding
84,729 articles. Furthermore, the search was restricted to
original articles only, yielding a total of 59,523 articles.
Subsequently, the articles were organized by the num-
ber of citations, starting with the highest. The date range
spanned from the database’s inception till March 2025.

Inclusion and exclusion criteria
We carefully reviewed the articles directly on the Web of
Science website, assessing their relevance based on the
title, abstract, keywords, and the full text when neces-
sary. Only those studies that included both the primary
keywords, Al and ECG, were selected. Additionally, we
also included studies that described any method used for
identifying, classifying, or interpreting ECG through Al
Conversely, articles that did not focus on Al in ECG
were excluded. We also excluded studies related to
human or biometric identification through ECG, as well
as research involving smartwatches and other wearable
devices. Furthermore, review articles, abstracts, guide-
lines, consensus statements, scientific statements, sys-
tematic reviews, and meta-analyses were not included in
this study.

Data extraction and analysis

Two authors (MAUH and SM) independently carried
out all the steps, ensuring an unbiased selection process
of articles. Any disagreements regarding article selec-
tion were resolved through discussion or, when needed,
by consulting the senior author (ZY). Both authors com-
pleted the search independently within a single day on
March 19, 2025. Out of the final 59,523 search results,
the top 474 were assessed, and 50 articles met the inclu-
sion criteria. The full manuscripts of these selected arti-
cles were then obtained and thoroughly reviewed to
extract relevant data.

The level of evidence (LOE) was evaluated for all the
included articles to assess the relative risk of bias. Both
authors independently applied the Oxford Centre for Evi-
dence-Based Medicine guidelines to determine the LOE.
Additionally, the citation density of each article, reflect-
ing its impact over time, was calculated by dividing the
total number of citations till the date of analysis with the
number of years since the publication of the article as
done in previous literature. For data analysis, we utilized
R program (version 4.4.1), VOSviewer (version 1.6.20),
and Statistical package for the social sciences (SPSS for
Windows, version 27, IBM corp., Armonk, NY, USA).
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The R program was used along with the bibliometrix
package, integrating"biblioshiny"within RStudio (Version
2024.12.1 +563) to conduct a comprehensive bibliomet-
ric analysis. VOSviewer was used for bibliographic cou-
pling data, while SPSS was used for correlation analysis.
The Spearman correlation coefficient (r,) was used to
evaluate the strength of relationships, categorized as high
(ry> 0.60), moderate (r,> 0.30 ~ < 0.60), and weak (r,<
0.30), with a significance level set at P< 0.05.

Results

Our search strategy for Al in ECG identified a total of
59,523 articles. We then reviewed the top 474 articles
with the highest citation counts and were able to select
the 50 most relevant and highest cited studies for our
analysis. A detailed summary of all the 50 selected arti-
cles is presented in Table 1.

Publication timeline

The publication timeline of the included 50 articles on Al
usage in ECG ranged from 2000 to 2020 and showed fluc-
tuations. The first one and half decade of the publication
timeline from 2000 to 2015 saw 25 (50%) publications in
total, with 2004 having the highest (4) publications in this
field. The publication timeline from 2016 till 2020 saw a
huge increase in interest in this field with half (25) of the
publications in these five years only. The highest num-
ber of publications in a year were 7, which were noted
in 2018. The most cited article in our analysis, with 1870
citations, was published in 2014, while the least cited
article, with 251 citations, was published in 2009. Fur-
thermore, the results of Spearman correlation analysis
revealed that there is a weak, non-significant correlation
between publication year and number of citations (r,=
0.002, P= 0.990), indicating that the year of publication
does not influence how many citations an article receives
in this dataset. Figure 1 illustrates the publication trend
of the 50 most highly cited articles in this field.

Citation analysis
The 50 most cited articles in our dataset on Al in ECG
gathered 24,401 citations in total till the date of our
analysis. The highest citations of an article in our data-
set were 1870, whereas the lowest citations an article had
were 251. The mean citations of all the 50 articles in our
dataset were 488.0 +340.7. The year 2014 saw the high-
est mean total citations per article of 1870.0 citations,
and also the highest mean total citations per year of 155.8
citations. Figure 2 demonstrates the mean number of
citations received per year by the 50 most cited articles.
The highest citations density recorded for an article
was 228.3 published in 2019, while the lowest was 12.2
published in 2005. Moreover, Spearman correlation
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analysis was also conducted to examine the relation-
ship between the impact factor of a journal and citation
counts of the article in that journal. The findings showed
a weak correlation (r;= 0.065, P= 0.655), indicating that
there is no substantial evidence of a meaningful associa-
tion between citations count and impact factor of a jour-
nal in this dataset.

Journal and author analysis

The 50 most cited articles on Al in ECG in our dataset
were published across a total of 25 journals. The jour-
nal with most publications was ‘[EEE Transactions on
Biomedical Engineering’ with 12 articles, followed by
‘Computers in Biology and Medicine’ journal with 7
publications. Other notable journals included ‘Biomedi-
cal Signal Processing and Control, ‘Nature Medicine,
and ‘Expert Systems with Applications! The journal
with highest impact factor according to journal citation
reports 2023 was ‘Lancet’ with an impact factor of 98.4.
Lancet was followed by ‘Nature Medicine’ with 2 articles
and an impact factor of 58.7. Figure 3 lists the top ten
journals in this field with most publications.

The authors which contributed the most in this field
according to our dataset were 199 in total. Among these
199 authors, the author with most contribution and
publications was ‘Professor Rajendra Acharya U’ with 9
publications and total citations count exceeding 4200.
Professor Acharya was followed by ‘RS Tan’ with 5 pub-
lications and total citations count of 2334. Other notable
authors include M Adam, Y Hagiwara, SL Oh, and JH
Tan with 4 publications each. Table 2 shows the contribu-
tions of top ten authors in this field.

Moreover, author collaborations within the field were
analyzed, which are presented as density visualization
map in Fig. 4. The collaboration network map offers a
detailed representation of the scholarly connections and
joint research efforts among authors. This analysis high-
lights the influence of individual authors and researchers
and their collaborative networks in driving knowledge
advancement and innovation within the field of Al in
ECG.

Analysis of countries and institutions
A total of 21 countries contributed to this field according
to our dataset. Among these 21 countries, the USA had
the highest number of publications, with a total of nine
articles. The USA was followed by China, Singapore, and
Turkey with 5 publications each. Other notable countries
were Ireland and the UK. List of top 10 countries with
multiple country publication and single country publica-
tion is shown in Fig. 5.

On the other hand, a total of 113 institutions contrib-
uted in this field, with Mayo clinic topping the list of
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Fig. 2 Average citations per year map where blue star represents the peak of citations

publications. Mayo clinic contributed 9 articles and was
followed by University of Malaya with 7 articles. Other
notable institutions included Singapore University of
Social Sciences, National Heart Centre Singapore, and
University College Dublin. A detailed list of top ten
institutions is shown in Fig. 6.

Studies and keywords analysis

As the focus of this study was to highlight the most
cited articles on Al use in ECG, so the included stud-
ies were mostly methodological or technical validation
studies with LOE of 5. Other notable study types were

cross-sectional studies, diagnostic accuracy studies,
and cohort studies with LOE of 2b or more. Further-
more, the most common keywords used in the selected
50 articles included recognition, electrocardiogram,
deep learning, classification, and neural network,
among others. Figure 7 demonstrates the map of most
common keywords. Moreover, a summary of trending
topics is given in Fig. 8.

Collaboration analysis
The global collaboration on research exploring Al usage
in ECG demonstrated a complex and well-connected
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network. Notably, strong partnerships between Sin-
gapore and Malaysia, Italy and Saudi Arabia, Turkey
and Finland, as well as the USA and China, underscore
the shared commitment of these nations to advancing
knowledge in this specialized field. A world collabora-
tion map of the 50 most cited studies on Al in ECG is
given in Fig. 9.

Discussion

This bibliometric analysis aimed to highlight the 50 most
cited articles on application of Al in ECG, and it revealed
that this domain has vast existing literature and is con-
tinuously growing. Without any timeline restrictions,
our analysis revealed that the field experienced ups and
downs between the early 2000 s and 2010, but that inter-
est in it saw a huge upward trend after 2016. The 5 years
starting from 2016 had half (25/50) of the 50 most cited
articles included in our analysis. These results can be
associated with the increased recognition of Al in the
field of ECG and other healthcare domains.

Table 2 Top 10 authors with most contributions in the field

50
N. of Documents.

ECG is a diagnostic tool that is of significant impor-
tance and use of Al in it might further increase its
diagnostic accuracy. The sharp increase in number of
publications from 2016 aligns with the results of previ-
ous literature and shows the interest of researchers in Al
usage in ECG [13]. Our analysis revealed no significant
association between an article’s publication year and its
citation count, challenging the assumption that earlier
publications accumulate more citations over time. Fur-
ther analysis examining citations density demonstrated
similar non-significant relation. Additionally, no sig-
nificant relationship was observed between a journal’s
impact factor and the scholarly influence of individual
articles as measured by citation frequency [14, 15]. These
findings collectively suggest that temporal factors and the
journal metrics may exert less deterministic influence on
citation patterns than conventionally presumed within
this research context.

The journals included in our analysis predominantly
encompassed the fields of medicine and informatics,

Author H-index M-index Total citations Number of publications  Publication
start year
Acharya UR 9 0.692 4218 9 2013
Tan RS 5 0.556 2334 5 2017
Adam M 4 0.444 2156 4 2017
Hagiwara 'Y 4 0.444 2156 4 2017
Oh SL 4 0444 2129 4 2017
Tan JH 4 0.444 2156 4 2017
Clifford GD 3 0.13 1341 3 2003
DE Chazal P 3 013 1688 3 2003
Asirvatham SJ 2 0.286 1486 2 2019
Attia Zi 2 0.286 1486 2 2019
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with prominent examples including IEEE Transactions
on Biomedical Engineering, Computers in Biology and
Medicine, Biomedical Signal Processing and Control,
Nature Medicine, and Expert Systems with Applications.
This distribution underscores the relevance of these jour-
nals as prospective platforms for disseminating research
on Al applications in ECG. Furthermore, most of the
included studies were methodological or validation stud-
ies with low LOE, highlighting the need of higher LOE
studies in the field.

This is the first bibliometric analysis according to our
knowledge which analyzed the 50 most cited articles on
Al in ECG. Citation analysis serves as a principal meth-
odology for identifying influential literature, as highly
cited works reflect both their substantive disciplinary
influence and foundational role in advancing research
within a respective field [16]. Our analysis offers a sys-
tematic approach to streamline identification of seminal
publications within the domain of Al in ECG, enabling
researchers, scholars and clinicians to prioritize promi-
nent works without requiring exhaustive review of
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existing literature. This analytical strategy may enhance
efficiency in accessing high impact evidence while elimi-
nating the necessity for comprehensive literature reviews,
potentially supporting more targeted and evidence-based
decision-making processes.

Although AI has seen many improvements in ECG
and healthcare, there are still many areas that require
more research. The integration of Al into routine clini-
cal practice necessitates comprehensive training of
healthcare professionals alongside systemic operational

atrial figillation

adjustments, representing a multifaceted and incremen-
tal transition; thus, advancing this field requires targeted
research to address existing implementation barriers and
optimize its adoption [17]. Future research should also
prioritize establishing unified, interoperable platforms
capable of integrating multi-modal ECG data into har-
monized repositories. Building on existing resources,
such infrastructures would accelerate Al innovation by
enabling robust analysis of comprehensive datasets while
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promoting global collaboration through standardized
data-sharing protocols [18].

We also want to highlight the limitations of our bib-
liometric analysis. First, our analysis relied on quantita-
tive data, yielding overall insights into the studies within
the field, rather than focusing on the clinical findings or
implications of these studies. Second, we included only
original articles and top 50 most cited articles, excluding
review articles, systematic reviews, meta-analyses, con-
ference papers, abstracts and even articles that satisfied
the inclusion criteria but did not have enough citations;
this may have resulted in the omission of some significant
studies. Lastly, articles with high citations continue to get

Latitude

more citations in long run regardless of their relevance
or integrity over the time known as the Matthew effect.
To deal with this, we used citations density to check the
impact of all the studies over time.

Conclusion

This analysis highlighted the 50 most cited articles on Al
usage in ECG that gathered over 24 thousand citations.
The focus of researchers has shifted toward this domain
in the last decade, especially after 2016. The USA, China,
and several other Asian and European countries lead
the field, reflecting their strong research infrastruc-
tures and commitment to advancing healthcare through
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technological innovation. The implementation of Al in
diverse domains of ECG and cardiovascular system is
anticipated to be a research priority in the forthcoming
years.
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