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Abstract

Background: Publications regarding the 100 top-cited articles in a given discipline are common, but the
association between article topics and their citations are lacking in reports. Whether or not article topics
can be used for predicting citations have not been addressed before. This study aims to (1) provide a Sankey
diagram for better understanding the association between entities in the study 100 top-cited articles and (2)
inspect major medical subject headings (i.e., MeSH terms in PubMed) to help predict article citations.

Methods: We searched PubMed Central and downloaded 100 top-cited abstracts in the journal
Anesthesiology since 2012. Article types and MeSH terms were extracted from abstracts. Social network
analysis and Sankey diagram analysis were performed to identify article contribution to citations. MeSH
terms were then applied to predict the number of article citations. We then examined the prediction power
with the correlation coefficients (CCs) between MeSH weights and article citations.

Results: The citation counts for the 100 articles ranged from 37 to 353, with an average of 63.1 citations.
The most frequent article types were research support(41%) and comparative study(26%), and the most
frequent MeSH terms were methods (33%) and drug effects (29%). The most productive countries were the
United States (53%) and Canada (9%). The most cited article (PDID=23364566) with a count of 353 was
written by Dr. Apfelbaum from the American Society of Anesthesiologists (US) in 2013. MeSH terms were
evident in the prediction power of the number of article citations (CC=0.33, t=3.44).

Conclusion: The breakthrough was made by using a Sankey diagram showing the overall views of the 100
top-cited articles. MeSH terms can be used for predicting article citations. Analyzing the 100 top-cited
articles could help future academic pursuits and applications in other academic disciplines, not just limited
to the journal Anesthesiology.
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1. INTRODUCTION

Anesthesiology is the medical specialty of
anesthesia or anesthetics [1]. The practice of
anesthesiology is dedicated to the relief of pain
and total care of the surgical patient before,
during, and after surgery [2]. Anesthesia is thus
defined as the medical way to the loss of
sensation with or without the loss of
consciousness [3].

Many articles regarding anesthesiology have
been published in literature. Which articles were
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cited most in the past remains unknown. Over
227 articles with the keywords of 100 and cited
in the title were searched in Pubmed Central as
of October 11, 2020[4]. None were found in the
field of anesthesiology. We are thus motivated to
conduct the research on the top 100-cited
articles in anesthesiology to understand the most
dominant countries, frequently proposed topics,
and article types in the recent ten years.

Bibliometric research on scholarly journals is
frequently focused on research domains (RDs)
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and research achievements (RAs) [5-7]. The
former can be addressed by using social network
analysis (SNA) and medical subject headings
(MeSH terms) [8-10]. The latter was frequently
evaluated by metrics (e.g., impact factor (IF), h-
index [11], or x-index [12]). Whether article
types denoted by MeSH terms can be used for
prediction article citations is required for
verifications.

Most articles regarding the top 100-cited
publications addressed such topics as descriptive
statistics (DS), RA across countries/institutes
over the years, and RD (on article types or for
individual authors) [13-15]. Some addressed
RAs and RDs for journals through bibliometric
analyses [16, 17]. However, all aforementioned
articles applied the same simple method and
provided information limited to DS, RA, and
RD, which is a challenge that should be made
through with the citation prediction of article
types along with a specific visual representation
to the topic of 100 top-cited articles. It is
because two aspects in bibliometric analyses are
often ignored and criticized: (1) the inability to
visualize  results through a dashboard
highlighting relevant entities [18-20] and (2) the
lack of a model for predicting the number of
article citations for future studies [21-24].

The objectives of this study were to analyze the
100 top-cited articles from a journal through a
systematic search and apply a novel approach
involving (1) a picture highlighting the most
outstanding entities and (2) a mode capable of
predicting the number of citations in the future.

2. METHODS
2.1.Data Source

Two steps were carried out to conduct this study.
First, wesearched the PubMed database
(Pubmed.com, PMC for short) using the
keyword  (Anesthesiology [Journal]) and
downloaded 5427 abstracts since 2012 on
October 11, 2020.Second, we selected the 100
top-cited articles. Several figures and tables
were produced to illustrate (1) the major topics
of Anesthesiology, (2) the main contributors
associated with their origin countries/regions,
and (3) the prediction power based on article
topic denoted by MeSH termsfor the number of
citations.

Ethical approval was not necessary for this
study because all data were obtained from the
database publicly available on PMC.
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2.2.Data Arrangement for DS and RA

The 100 top-cited articles were categorized
into different types (e.g., case reports, clinical
trials, comparative study, and journal articles in
PMC). Topic categories referring to the MeSH
terms [25] in each article were classified by
using SNA [26-28].

A contingency table was made to show the main
contributors  from  countries  /regions. A
choropleth map was produced to highlight the
most influential countries/regions of origin for
authors based on the number of publications.

2.3. Data Visualization for RD

SNA [26-28]was applied to associate the 100
top-cited articles with topic categories and
article types on a visual board to achieve the
first goal of this study, highlighting the most
outstanding entities.

Pajek software [29] was applied to perform
SNA. Relevant entities related to article types
provide insights into the overall views when
presented on a visual board, which was hard to
display using the traditional word cloud
technique [30]. A Sankey diagram was
particularly used to interpret the association of
the most dominant entities in the network.

2.4.Prediction Power on Article Citations

To achieve the second objective of this study,
we computed the weights for the number of
citations on MeSH terms per article according to
the proportions and citations,taking the citations
into accounts in SNA[31]. A comparison of
MeSH terms in clusters was made using the
bootstrapping method [32].

2.5. Statistics

The correlation coefficient (CC) was used to
determine the prediction power between the
weighted MeSH terms and the original article
citations. The CC t-value was calculated using
the formula (=CC*sqrt((n-2)/(1-CC*CC)). A
prediction equation was produced by running a
simple regression analysis using MedCalc
9.5.0.0 for Windows (MedCalc Software). The
significant level was set at Type | error of 0.05.

3. RESULTS
3.1. All 100 Articles Linked on the Website

The results of the 100 top-cited articles
published in anesthesiology since 2012 were
included in Reference [33], where readers were
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invited to inspect the association among entities
in detail.

The citation counts for the 100 articles ranged
from 37 to 353 as of October1l, 2020, in PMC,
with an average of 63.1 citations. The most
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productive countries of origin were the United
States (54%) and Canada (9%). The highest
number of citations per article was from Canada
(81.3) (Table 1). The visual representation using
a choropleth map is provided in Figure 1.

Figurel: Distribution of these top 100 articles across countries/regions
Tablel: Distribution of publications across countries over the years

Country 2012 2013 [2014 |2015 (2016 |n Ci IF
u.s 16 16 12 9 1 54 3243 60.06
Canada 4 1 2 1 1 9 732 81.33
Netherlands 4 1 1 1 1 8 577 72.13
France 4 1 1 6 281 46.83
UK 2 2 1 1 6 332 55.33
Germany 1 3 1 5 306 61.20
Denmark 1 1 2 85 42.50
Italy 1 1 2 168 84.00
Switzerland 2 2 149 74.50
Australia 1 1 48 48.00
Belgium 1 1 51 51.00
Brazil 1 1 46 46.00
China 1 1 42 42.00
Ireland 1 1 40 40.00
Spain 1 1 57 57.00
Total 37 28 17 14 6 100 6311 63.11
Note. IF=Ci/n

3.2.Visual Representations Using SNA and
the Sankey Diagram

The majority of articles were research support
(41%) and comparative study(26%). Most
articles were published in the topic categories of
methods (33%) and drug effects (29%).The top
three MeSH terms of methods, drug effects, and
pharmacology were highlighted with triangle
lines connected together in Figure 2.

The most cited article (PDID=23364566) with a
count of 353 was written by Dr. Apfelbaum
from the American Society of Anesthesiologists
(US) in 2013(Figure 3).

For highlighting the association among entities
in a picture, the Sankey diagram was drawn in
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Figure 3. Only the top dominant entities with the
closest relationships were displayed and
connected by the curve lines from the left side to
the right side. Other weaker cited lines between
entities were removed from the diagram. For
instance, the year 2013 is merely connected with
the highly cited article with PMID=2336
4566(=353), which is sequentially liked to the
next entity of the US. Bubbles were colored by
the clusters and sized by the cited weights. As
such, the top three (i.e., the US, research
support, and methods) connected by a triangle at
the middle-top side are highlighted in the
Sankey diagram. Readers are invited to scan the
QR-code in Figures to examine the details about
the information on entities.
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Figure2: The most dominant MeSH terms with high citations and counts in top 100 articles
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Figure3: Association of entities using the Sankey diagram to display

3.3. Citation Prediction Using Mesh terms can see the highest citations of MeSH terms
clusters in Figure 2 are represented by methods

A comparison of MeSH terms in clusters was
and adverse effects

made using the bootstrapping method [32]. We
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Figure4: Comparison of impact factors among MeSH clusters

MeSH terms were evident in generating prediction power on the number of citations (correlation coefficient =
0.49, t = 5.62) in Figure 5. The regression equation is defined as article citation(y) y =19.6879 + 0.7514 x
weight(x) of MeSH term. The slop coefficient appeared statistically significant (F = 11.83626, p = 0.0009).
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The QR-codes are provided with links in
Figures. Readers are invited to see the detailed
information on the dashboard laid on Google
Maps.

4. DISCUSSION

In this study, we downloaded articles from PMC
and assessed the most cited papers published in
Anesthesiologysince 2012 to understand the
research characteristics of citations in the past.
This paper provides an insight into some of the
most influential entities, articles (Figure 3), and
publication-changing chronicles over the years
(Table 1).

The topic categories related to article topics
were found using the SNA approach and the
Sankey diagram. Nevertheless, the topic
category of adverse effects earned the highest
mean number of weighted scores (=83.12)
denoted by MeSH terms (Figure 2). The highest
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impact factor is in the cluster of methods
(Figure 4). The high mean IF in past studies in
the field of methods and adverse effects can be
attributed to its important nature in
Anesthesiology.

4.1, Features of this Study

We provided a guideline to analyze the 100 top-
cited articles in three steps (i.e., DS, RA, and
RD). This breakthrough was made using tables
and figures (e.g., Table 1 for DS, Figures 1, 2,
and 3 for RA, and Figures 4-5 for RD). In
particular, visualization dashboards were used to
present the results, and a link to the website
allowed readers to examine the detailed
information on their own. The board equipped
with multi-variables (i.e., entities in the Sankey
diagram) is superior to the traditional one-
variable word cloud technique [30].

Corr.=0.23
t=3.44

*

100

Weights of each article

Figure5: the MeSH terms to predict article citations (P<0.0001)

Furthermore, both SNA and MeSH terms were
sophisticatedly incorporated for interpreting the
RA in a succinct representation, as we did in
Figures 2 and 3. Visualizing the characteristics
of data is important and interesting for readers.

4.2. Limitations and Suggestions

Although findings are promising based on the
above analysis, several potential limitations may
encourage further research efforts. First, the
study data were only downloaded from PMC,
different from many other studies that used the
combination of science (SCI), Scopus, and
Google Scholar. Several journals in PubMed
have not been indexed by the database of SCI.
In addition, certain SCl-indexed journals have
not been included in PubMed. These findings
might contribute to a potential bias in the results
of publications and citations obtained in this
study.
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Second, another bias might exist during citation
extractions because the number of citations
possibly increased as the date elapsed. The
article citations might differ if the time available
and the citation sources of the data are disparate.

Third, only articles with MeSH terms were
included in this study. Others without MeSH
terms were excluded from this study despite a
potentially large number of citations present.

Fourth, although our cluster analysis using SNA
is unique and useful, including all relevant
entities on a board without confusing the readers
is challenging. The results could be improved
further for clarity and understandability.

Fifth, only a single journal was investigated for
its RA, RD, and DS in the current study.
Although several journals on a specific topic or
discipline with their 100-top articles were
frequently read in the literature, we performed
only the visual representations and citation
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prediction approaches for the 100 top-cited
documents in a single anesthesiology-related
journal. The research methods, particularly with
dashboards laid on Google Maps, can be
provided to future similar studies.

Finally, article citations have many associated
factors, such as the number of references and
authors. The finding of MeSH terms associated
with article citations is not the only factor
influencing article citations. Thus, it is worth
studying further about the prediction factors to
the highly cited articles in the future.

5. CONCLUSION

The study identified the 100 top-cited articles in
the journal of Anesthesiology and provided
insights for readers. With the novel method of
SNA and the Sankey diagram, the bibliometric
analysis of 100 top-cited articles can be applied
to other academic_disciplines in the future, not
just limited to the journal Anesthesiology.
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