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ABSTRACT

Background: Peripartum cardiomyopathy (PPCM) is a pregnancy-related myocardial
disease. PPCM has a high morbidity and mortality rate, but neither partial nor complete
recovery is highly probable. Objective: To analyze global scientific production and identify
research hotspots related to PPCM. Methods: The keyword “peripartum cardiomyop-
athy” was used to retrieved articles from Scopus database. A total of 509 articles were
extracted. We used Scopus database analysis report and VOSviewer (version 1.6.18) to
analyze annual publication number, country, citation and H-index, authors, institution,
source journal, reference, and research hotspot. Results: The trend of annual publica-
tion numbers has increased significantly, with the United States leading the amounts
of publication and H-index in PPCM study. Hilfiker-Kleiner, D. contributed the most
publications and the most active institution was Medizinische Hochschule Hannover
MHH. By employing an overlay visualization, we shed light on the evolving research
emphases, wherein prominent topics such as “diagnostic imaging” and “practical
guidelines” have emerged as major areas of focus in recent years. Conclusion: From
1971 to 2022, numbers of publications in PPCM research have increased gradually, and
this trend is predicted to keep arising. Recent studies are becoming more focused on
diagnostic imaging and practical guidelines. In the future, expanding global collaboration
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and conducting more in-depth studies are needed.
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1. BACKGROUND

Peripartum cardiomyopathy (PPCM)
is a myocardial disease associated with
pregnancy. The onset comprising from
the last month of pregnancy until five
months postpartum (1). The diag-
nostic criteria are development of heart
failure (HF) in the last month of preg-
nancy to five months postpartum, no
other possible etiology of HF, and no
history of heart disease prior to last
month of pregnancy (2). Symptoms
associated with PPCM are highly vari-
able including fatigue, dyspnea, ortho-
pnea, palpitations, edema, chest pain,
decreased endurance in exercise, and
abdominal discomfort due to liver
congestion (1). Complications such as
thromboembolism, arrhythmia, and
chronic cardiomyopathy can occur
if treatments are not maximized (3).
Poorly understood pathophysiology
and difficulties in diagnosis may cause

PPCM to be underestimated (4).
PPCM has a high morbidity and mor-
tality, however the probability of par-
tial nor full recovery are high. Guide-
lines are essential in treating PPCM
patients respecting contraindications
during pregnancy and lactation (S).
Future research and studies regarding
drug therapy and long-term outcomes
are also needed (6).

Bibliometric analysis is a well-known
method for analyzing and exploring sci-
entific data (7). Bibliometric analysis fa-
cilitates authors to explore the contribu-
tions and work that has been performed
to a certain field of research (8). This
type of study also benefits researchers,
policy makers, and stakeholders in im-
proving the quality of their research
and decisions. VOSviewer is one of bib-
liometric visualization tools for ana-
lyzing keywords, citations, authors, in-
stitutions and countries (9). The data
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will be illustrated in a comprehensive map to pro-
vide insight about the trend of studies done re-
gardinga certain topic. In this study, PPCM as the T
main topic will be used as a keyword for literature.
Keywords distribution, co-citations, countries,
and authors shown through bibliometric analysis

400 1

can be analyzed.

2. OBJECTIVE

This research aims to analyzed global scientific
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Cummulative Number of Publications

production and identify research hotspot related
to PPCM; thus, the insight can be used to pilot
further research that ought to be performed.
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3. MATERIAL AND METHODS
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Data Source and Search Strategy
The data was retrieved online through the

Figure 1. The trend of publications growth in PPCM study

Scopus database. Scopus is one of the largest global
coverage publications, including journals, books,
and conferences, to provides reliable scientific
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were downloaded and analyzed. We collected data

regarding authorship, journal, institution, country,
and keywords from each article.

Data Analysis

The downloaded data were analyzed using the Scopus
database literature analysis report. Then, VOSviewer (ver-
sion 1.6.18) was employed to analyze publication output.
VOSviewer is a visualization software that displays cluster
analysis and has an incredible visualization of data from var-
ious sources. Outputs are presented as nodes and links to
view existing associations between bibliometric data. The size
of the nodes is proportional to the frequency of occurrence.
Furthermore, the distance between each node represents the
strength of the association between the terms displayed

4. RESULTS

Distributions of Annual Publications

In a total of 722 papers, only 509 papers met our criteria.
Figure 1 shows the total number of publications by year, with
a trend that shows a consistent upward movement from nine
articles in 1990 to 509 articles in 2022. The first and second
publications were published in 1971. The polynomial curve
fitting of publication growth in PPCM research revealed a
substantial association between publication year and number
of publications (coefficient of determination (R2) = 0.983).
The number of publications is expected to exceed 600 by
2025, according to curve fitting.
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Figure 2. Author analysis of PPCM publications

Distribution of Country or Territories with Most Pub-
lications

The 509 publications included in the PPCM study were
dispersed among 98 nations or territories. The United States
published the most articles (169), followed by Germany (79),
the United Kingdom (60), and South Africa (52). Japan, with
31 papers published, was the only Asian country to make the
top 10.

Citations and H-index Analysis

According to a Scopus analysis, PPCM-related articles
were cited 22,437 times between 1971 and 2022 (19,649
times without self-citations). Amongst the top 10 most pro-
ductive countries and territories, the United States achieved
the highest h-index (49) and sum of citations (9,981 times).
Although Italy, Sweden, and France have less published arti-
cles compared to Japan, the H-index and sum of citations were
found to be more impactful in this particular area.

Distributions of Authors with Most Publications

Amongst 509 journals, 44 publications were made by Hil-
fiker-Kleiner, D. Ranked second and third following Hilfiker,
Silwa, K. made 43 publications and Bauersachs, J. made 34
publications. The later authors made a lower number of publi-
cations with Arany, Z. and Elkayam, U. with 16 publications
each. Distribution analysis of authors shows a distribution of

271



Global Research Trends and Future Direction in Peripartum Cardiomyopathy: A Bibliometric Analysis

Rank Title Journal Year Citations
2015 ESC Guidelines for the management of patients with ventricular arrhythmias
and the prevention of sudden cardiac death the Task Force for the Management of
1 Patients with Ventricular Arrhythmias and the Prevention of Sudden Cardiac Death European Heart Journal 2015 2454
of the European Society of Cardiology (ESC) Endorsed by: Association for European
Paediatric and Congenital Cardiology (AEPC)
2 ESC Guidelines on the management of cardiovascular diseases during pregnancy European Heart Journal 201 1297
2014 ACC/AHA guideline on perioperative cardiovascular evaluation and manage- .
. . . ) . Journal of the American College
3 ment of patients undergoing noncardiac surgery: A report of the American college . 2014 892
. . . . - of Cardiology
of cardiology/American heart association task force on practice guidelines
4 ﬁg:}gyESC Guidelines for the management of cardiovascular diseases during preg- European Heart Journal 2018 869
Peripartum cardiomyopathy: National Heart, Lung, and Blood Institute and Office
5 of Rare Diseases (National Institutes of Health) workshop recommendations and JAMA 2000 712
review
Current state of knowledge on aetiology, diagnosis, management, and therapy of
6 peripartum cardiomyopathy: A position statement from the Heart Failure Associ- European Journal of Heart 2010 652
ation of the European Society of Cardiology Working Group on peripartum cardio-  Failure
myopathy
Proposal for a revised definition of dilated cardiomyopathy, hypokinetic non-dilated
1 cardiomyopathy, and its implications for clinical practice: A position statement of ~ European Heart Journal 2016 533
the ESC working group on myocardial and pericardial diseases
8 Cardiovascular disease in women: Clinical perspectives Circulation Research 2016 504
9 Natural course of peripartum cardiomyopathy Circulation 197 420
10 Pregnancy-associated cardiomyopathy: Clinical characteristics and a comparison Circulation 2005 M3

between early and late presentation

Table 1. Top 10 references with the most citation frequency in PPCM study

author groups in PPCM studies. The distribution was made
with five as the number of occurrences. The link between all
nodes represents the relation between each author in pub-
lishing PPCM journal. The bigger the nodes the higher the
number of journals published. From the cluster analysis from
VOSViewer of authors, Arany, Z. shows a connection with
all clusters (Figure 2). This elaborated list of authors can be a
possible future connection for collaborators in producing new
journals regarding PPCM.

Distributions of Institutions and Source Journals

Fifty-two publications related to PPCM are associated
with Medizinische Hochschule Hannover (MHH). Ranked
second is University of Cape Town with 41 publications re-
lated to PPCM. The subsequent rank of institutions shows a
drop of over 20 journals with Universitair Medisch Centrum
Groningen with 21 publications. The next ranks have similar
numbers such as Faculty of Health and science and University
of the Witwatersrand, Johannesburg with 19 and 18 publica-
tions consecutively.

According to the data that was retrieved, 180 journals re-
ceived publications about PPCM study. Esc Heart Failure, a
France journal, has been the most prolific, with 18 articles,
followed by European Journal of Heart Failure (16 articles)
and Circulation (14 articles), which both are United States
journals.

Distribution of Cited References

Table 1 shows the top 10 cited articles on PPCM. The
number of citations ranged from 413 for the article in tenth
place to 2,454 for the leading article. Each of the 10 articles
was cited over 400 times. Among these 509 articles, the two
most frequently cited are from European Heart Journal.

Hotspots of PPCM Studies

The research hotspots of PPCM were determined by the
co-occurrence analysis of high-frequency keywords. A key-
word’s minimum number of co-occurrences was set at 15.
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Only 205 of the 4,289 PPCM-related keywords that were
retrieved met the threshold. Several keywords that were ir-
relevant to the topic were removed. Following that, biblio-
metric analysis was performed to display the results based
on frequently occurring keywords. The keywords with simi-
larities were divided into four clusters, which were identified
in Figure 3a as red, green, blue, and yellow, respectively. The
nodes’ sizes are linearly correlated with their frequency of oc-
currence. Therefore, the keyword with the lowest frequency,
reflected by a smaller node, denotes that the study topicis still
in its developmental stages and requires further research in
subsequent studies (e.g., genetic predisposition, oxidative
stress, carvedilol, bisoprolol, dobutamine, lung embolism, ec-
lampsia, comorbidity, and C-reactive protein).

Figure 3b depicts an overlay visualization of the PPCM
study according to the year of publication, from 1971 to 2022.
In the early years of PPCM research, the main topics were
myocardium (Average publication year [APY] = 2008.75),
congestive heart failure (APY = 2009.9688), and cardiomy-
opathy (APY = 2010.3571). Lately the keywords became
more focused on diagnostic imaging (APY =2018.1944) and
practical guidelines (APY = 2018.4706).

5. DISCUSSION

Between 1971 and 2022, the number of international pub-
lications on PPCM research increased significantly each year.
We discovered that PPCM-related articles have consistently
been published from the year 1999 through 2022, and the
number of articles has a tendency to increase each year. We
predicted that this trend would keep increasing since there are
still alot of areas to be developed. The highest institutions who
published PPCM publications are mostly health related such as
hospitals or faculty of medicine. PPCM is indeed a health issue
that should be dove deeper, however other aspects such as eco-
nomical and sociological can also be explored (10).
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Figure 3. Hotspot of PPCM studies. a) co-occurrence network visualizations, b) co-occurrence overlay visualizations

The most productive country to publish articles-related to
PPCM is the United States, followed by Germany, United
Kingdom and South Africa. In terms of H-index and citation
counts, the United States also held the top spots. This could
be attributed to the fact that the United States is the world’s
highest GDP (11). As a result, the United States is able to sup-
port the required scientific research (12).

Although Japan was ranked as the top six most productive
countries in terms of publications, Japan has less H-index
and cited articles compared to several countries below them.
This could be due to the fact that the most cited article titled
2015 ESC Guidelines for the management of patients with
ventricular arrhythmias and the prevention of sudden car-
diac death the Task Force for the Management of Patients
with Ventricular Arrhythmias and the Prevention of Sudden
Cardiac Death of the European Society of Cardiology (ESC)
Endorsed by: Association for European Paediatric and Con-
genital Cardiology (AEPC)’, fourth most cited article titled
2018 ESC Guidelines for the management of cardiovascular
diseases during pregnancy’ and sixth most cited article titled
‘Current state of knowledge on etiology, diagnosis, manage-
ment, and therapy of peripartum cardiomyopathy: A position
statement from the Heart Failure Association of the Euro-
pean Society of Cardiology Working Group on peripartum
cardiomyopathy’ were written by almost all European coun-
tries including writers from Italy, Sweden, and France. There-
fore, this could contribute to the increase of H-index and sum
of citations in these countries.

Publication scopes that are explored by the top 10 authors
mostly were related to cardiomyopathy, peripartum period,
and bromocriptine. Pathophysiology of the disease is highly
discussed by the authors, but remains poorly understood
(5). However, the latest evidence has substantially improved
our knowledge of the condition. The two main hypothetical
pathophysiology of PPCM are: a significant toxic role for
late-gestational hormones on the maternal vasculature and
genetic predisposition of PPCM (13). The absence of STAT3
in the heart plays a critical role in reducing the expression of
manganese superoxide dismutase (MnSOD) which elevated
secretion of reactive oxygen species (ROS). ROS triggers ac-
tivation of cathepsin D, an extracellular peptidase that cleaves
prolactin into 16-kDa, an angiostatic and pro-apoptotic sub
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fragment (14). This leads to endothelial dysfunction and car-
diomyocyte apoptosis. The PTHLH gene, that regulates vas-
cular homeostasis and TI'N gene, that encodes sarcomere
protein titin are considered to be responsible for develop-
ment of cardiomyopathy including dilated cardiomyopathy
(DCM) and PPCM. However, this genetic correlation itself
still remained unclear due to the different characterizations
found in patients with DCM and PPCM (14).

Authors of prior PPCM publications discussed the pos-
sible treatment for PPCM as well. Bromocriptine is quite a
dominant topic due to its potential ability as a disease-spe-
cific therapy for PPCM by blocking prolactin with the do-
pamine D2 receptor agonist (15,16). Bromocriptine, on top
of standard HF therapy, may be beneficial to improve LV re-
covery and clinical outcome (17,18). There were no significant
differences between the short-term (1 week of 2.5 mg bro-
mocriptine once daily) and long-term (2.5 mg of bromocrip-
tine twice daily for two weeks, then 2.5 mg once daily for six
weeks) treatments (19). Bromocriptine must always be used
in conjunction with heparin anticoagulation (LMWH or
UFH) in at least a prophylactic dose (20,21).

Topics regarding other alternative remedies in treating
PPCM such asleft ventricular assist devices (LVAD) and addi-
tional usage of cabergoline with a similar effect to bromocrip-
tine was also discussed (22,23). Current practical guidelines
2018 ESC Guidelines for the management of cardiovascular
diseases during pregnancy’ suggest that in acute/subacute
conditions, PPCM should be treated according to ESC acute
HF guidelines, while avoiding fetotoxic agents (ACE inhibi-
tors, ARNI, ARB, atenolol, and MRA) (17).

Prognosis of PPCM was discussed in several studies. Long
term outcome of PPCM can result in full recovery, residual
heart failure and even death. Subsequent pregnancies within
one year after PPCM are at a substantial risk of relapsing and
encourage death, hence PPCM patients should be monitored
even one year postpartum (24). The impact of breastfeeding
towards myocardial recovery post PPCM is also detrimental
as a result of increased prolactin levels (25). A study analyzed
the possibility of cancer in PPCM women and showed a 16-fold
higher cancer development compared to same aged women.
This is likely to be caused by cardiomyopathy or cancer predis-
position syndrome which is triggered by PPCM (22).
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6. CONCLUSION

We constructed a comprehensive review regarding the ex-
tent of PPCM study through the use of bibliometric anal-
ysis. Over the last decade, the number of publications in the

PPCM study has increased significantly, and we predict this

trend will keep rising. The United States has been the most

productive and impactful country in terms of publication in

PPCM study. Expanding global collaboration and conducting

more in-depth studies in this area are needed. Through this

study, we identify research hotspots in this field, along with

research issues that are still in the stages of development, thus

providing various insights for researchers in the future.
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