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Abstract: Takotsubo cardiomyopathy (TTC) is often acute with a high mortality rate and is subject to
relapse. Meanwhile, its complex pathogenesis has attracted increasing attention. To learn more about TTC,
CiteSpace V.5.7 R5W was used in this study to analyze the research status, hot spots, and trends in TTC
before 2020. The keywords, co-citation references, as well as country and institution distribution were
explored. A total of 2,349 papers were reviewed. The United States, Italy, and Germany were the main
countries studying TTC and had good cooperation relationships. The Mayo Clinic topped the institution
list, but the rate of inter-institutional cooperation was not high. Research hotspots include disease features,
auxiliary diagnostic methods, epidemiology, and pathophysiological mechanisms, and the latest ones are
complications related to prognosis, such as cardiovascular abnormalities caused by myocardial infarction and
normal or non-obstructive coronary arteries (MINOCA), atrial fibrillation, stroke, cancer, and COVID-19.
In conclusion, the research of TTC is in a hot development period. Our research will help clinicians
and researchers to better understand TTC and its research status by providing a foundation for research
objectives. In doing this, our research will help to provide better scientific management, diagnosis, and

treatment for patients with TTC, which will in turn improve the prognosis of this condition.
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Introduction was diagnosed in about 0.02% of all hospitalizations in the

United States in 2008 (1). However, the total number of
Takotsubo cardiomyopathy (T'TC) and associated variants TTC cases is underestimated due to insufficient knowledge
are a form of acute but usually reversible heart failure. TTC of the condition (2). Initially, TTC was considered benign,
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but studies have shown that it is often acute and patients
can easily relapse. The morbidity and mortality of T'T'C are
comparable to those of acute coronary syndrome, which is
considered to be a clinical acute condition and has attracted
an increasing amount of attention within the medical
community (3).

CiteSpace is a bibliometric analysis software developed
by Dr. Chaomei Chen. CiteSpace can quantitatively analyze
the intrinsic relationship and cross-reference information
between knowledge about TTC using mathematical and
statistical methods. It enables us to analyze the potential
knowledge contained in science or a field of science, and
present the structure, law, and distribution of scientific
knowledge maps by visual means (4). In this study,
CiteSpace visualization was used to review and analyze
the current research status and future trends of TTC with
the aim of providing some suggestions for the mechanistic
study and clinical study of this disease.

Methods
Literature search and collection

A literature search of the Web of Science Core Collection
database was conducted (5). The search string was as
follows: [TOPIC= (takotsubo OR tako-tsubo OR “tako
tsubo” OR “stress cardiomyopathy” OR “apical ballooning
syndrome” OR “broken heart syndrome”)] AND Indexes=
(SCI-EXPANDED OR CCR-EXPANDED) AND IC
Timespan= (1985-2020) AND The literature types= (article
or review).

The literature was retrieved on June 11, 2021. The
following information was recorded from each retrieved
article/review: publication date, title, abstract, keywords,
author, and institutional affiliations of authors.

Search methods

Full records of the search results with cited references
were exported in plain text and named download_*-*.txt
to allow for their identification by the CiteSpace software.
The data files were imported into CiteSpace, and the
following parameter settings were selected: time slicing
(2004 to 2020), 1 year per slice; term source (all selected),
and node type (one at a time). To perform a visual analysis
of the literature, we first selected the top 50 most cited or
most frequently occurring items from each slice. Then,
network cropping (pathfinder and pruning sliced networks)
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and visualization (cluster view-static and show merged
network) were conducted. The node types selected for this
study were the cooperative analysis nodes “institution” and
“country”, the co-occurrence analysis node “keyword”, and
the literature co-cited node. GraphPad Prism 7.0.0.159
software was employed to display the number of documents
issued per year.

In a CiteSpace network, the thicker the link between
nodes, the stronger the connection between them, and
the brighter the color of the link, the more recent the
cooperation. Betweenness centrality reflects the key
strength of the nodes in a network: the larger the centrality,
the more closely the intermediary link is represented by the
node. Purple circles in the network represent nodes with
a high degree of centrality (centrality >0.1). The keywords
in the CiteSpace atlas were extracted from the literature
based on the downloaded text content. High-frequency
keywords represented hotspots for research in TTC at
certain stages. The centrality of a keyword represented its
critical degree in the network and the correlation between
it and other nodes. CiteSpace uses a log-likelihood ratio
algorithm to cluster closely related keywords. Clusters are
considered successful with a silhouette coefficient of >0.7.
The silhouette coefficient is a measure of whether the
clustering is reasonable and effective. The closer the value
of the silhouette coefficient is to 1, the more reasonable the
sample clustering will be (6). Co-word maps (characteristic
words or keywords) can aid in identifying research hotspots,
especially when the burst term function is used (7,8). The
keyword burst shows the frequency of keywords within a
certain period. The time between the beginning and end of
a burst indicates the period during which the keyword burst
occurred, and the keyword’s influence strength.

Results
Annual publication volume

A total of 2,349 relevant articles on TTC were retrieved,
the first of which was published in 2004. The h-index of
these articles was 62. The average number of citations per
item was 31.05; the total citation frequency was 19,496
(excluding self-citations); and 8,581 references were cited
(excluding self-citations). The annual number of papers
published on TTC increased rapidly between 2004 and
2010, before stabilizing at high numbers in the period
from 2010 to 2020, which indicates that TTC research was
rapidly developing during this time (Figure I).
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Figure 1 Yearly quantity of papers about TTC from 2004 to 2020.
TTC, Takotsubo cardiomyopathy.
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Figure 2 Countries network of publications about TTC. Circle
node represents output country of papers; link between nodes

represents partnership. TT'C, Takotsubo cardiomyopathy.

Cooperation analysis of countries and institutions

Cooperation maps can display social relations between
countries or research institutions within a certain research
field, thus providing a new perspective for evaluating
the academic influence of countries and institutions, and
enabling us to identify research works that are deserving of
attention (9,10).

After running CiteSpace, we obtained an international
cooperation relationship with 77 nodes, each of which
represented a country that had contributed to research on
TTC, and 104 links (Figure 2). The network density was
0.0355. Among the top 10 countries (7able 1) ranked by the
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Table 1 Top 10 of country co-occurrence analysis
Rank Count Centrality Year Countries
1 676 0.21 2004 USA
2 314 0.04 2006 Italy
3 293 0.00 2004 Germany
4 267 0.00 2004  Japan
5 140 0.13 2005 France
6 127 0.13 2006 England
7 93 0.00 2011 Sweden
8 90 0.00 2004  Australia
9 79 0.09 2007 Poland
10 75 0.00 2006  China

number of documents published, the United States had the
highest publishing frequency (676 times), followed by Italy
(314 times), and Germany (293 times). The centrality of the
United States was 0.21. France and the United Kingdom
were ranked fifth and sixth, respectively, with centralities
of 0.13 each (>0.1). According to the network data, the
countries above dominated the study of TTC, had good
cooperation relationships, and played a positive leading role
in the field of T'T'C research between 2004 and 2020.

The institution network (Figure 3, Table 2) had 1,612
nodes, each of which represented an institution that
participated in TCC research, and 3,942 edges. The
network density was 0.003. The institutions were mainly
universities and their affiliated hospitals. The Mayo Clinic
topped the institution list with 91 documents published.
Although every institution had published a large number of
articles, the rate of inter-institutional cooperation was not
high. All the institutions had centrality of <0.1, meaning
that the research at each institution was more isolated.
This finding suggests that the gap between institutions
needs to be eliminated, and the exchange of knowledge and
cooperation between institutions needs to be strengthened
to achieve more in-depth research in future.

Keyword co-occurrence analysis

Keywords with similar significance were combined by
CiteSpace to obtain the keyword co-occurrence atlas
(Figure 4) and the top 20 keywords (Table 3).

The keywords with the top three occurrence frequencies
were “Takotsubo cardiomyopathy” (occurring 1,266 times),
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Figure 3 Institution network of publications about TTC. Circle node represents output institution of papers; link between nodes represents

partnership. TTC, Takotsubo cardiomyopathy.

Table 2 Top 10 of institution co-occurrence analysis

Rank Count Centrality Year Institutions

1 91 0.08 2006 Mayo Clin

2 46 0.00 2011 Heidelberg Univ

3 34 0.01 2009 Univ Foggia

4 32 0.01 2011 Karolinska Inst

5 29 0.00 2015 DZHK German Ctr
Cardiovasc Res

6 28 0.01 2011 Univ Adelaide

7 27 0.00 2017 Univ Hosp Zurich

8 27 0.01 2009 Univ Cattolica Sacro Cuore

9 26 0.01 2014 Univ Zurich

10 26 0.00 2013 Univ Gothenburg

“myocardial infarction” (occurring 749 times), and “apical
ballooning syndrome” (occurring 600 times). Top 20
keywords with centrality >0.1 included “cardiomyopathy”
(0.15), “ST-segment elevation” (0.2), and “emotional stress”
(0.23), and both “takotsubo” and “heart failure” had a
centrality of 0.1. The frequencies of keywords and centrality
data suggest that T'T'C has various names, and that it
can present as left-sided heart failure or as a myocardial
infarction-like manifestation on the electrocardiogram,
such as “ST-segment elevation”, which often needs to
be distinguished in clinical practice (11). At the same
time, “emotional stress” due to various causes is often a
predisposing factor for T'T'C, which explains one of the
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possible pathophysiological mechanisms of the disease.

Keyword clustering

The algorithm gives each keyword a value, and the keyword
with the largest median value in the cluster is chosen as the
representative of this class and becomes the class name. The
sequence number of the cluster is negatively correlated with
the cluster size; for instance, #0 represents the largest cluster.

Sixteen categories were included for analysis (Figure 5,
Table 4). The first three clusters were #0 subarachnoid
hemorrhage, #1 apical ballooning syndrome, and #2
myocarditis. In #0, the top 5 keywords were “heart failure”,
“catecholamine”, “clinical features”, “subarachnoid
hemorrhage”, and “infarction”. They were associated
with the clinical features of catecholamines, arachnoid
hemorrhage and heart failure, myocardial infarction, and
other diseases, and were related to the neurohumoral
mechanism of action. In #1, the top 5 keywords
were “stunned myocardium”, “myocardial contrast

”» o«

echocardiography”,

complication”, “

magnetic resonance”,
and “ventricular function”, which were all related to
functional tests as well as the diagnosis and management
of diseases. In #2, the top 5 keywords were “prognosis”,

”» o«

“clinical characteristics”, )«

apical ballooning”, “patient”, and
“stress-induced cardiomyopathy”, which were all related to
clinical characteristics and disease prognosis. These findings
suggest that the research on TTC conducted between
2004 and 2020 was focused on the characteristics and the
prognosis and complications of the disease, as well as the

assessment of its functionality.
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Figure 4 Keyword co-occurrence of publications about TTC. Circle node represents keyword; link between nodes represents that two

keywords appear in a study at the same time. TTC, Takotsubo cardiomyopathy.

Table 3 Top 20 of keyword co-occurrence analysis

Rank  Count Centrality Year Keywords

1 1,266 0.07 2004 Takotsubo cardiomyopathy
2 749 0.01 2004 Myocardial infarction

3 600 0.06 2005 Apical ballooning syndrome
4 421 0.00 2005 Stress

5 397 0.08 2005 Stress cardiomyopathy

6 391 0.15 2004 Cardiomyopathy

7 330 0.10 2005 Tako tsubo

8 250 0.00 2004 Left ventricular dysfunction
9 248 0.10 2004 Heart failure

10 244 0.04 2005 Feature

11 215 0.03 2006 Takotsubo syndrome

12 205 0.20 2004 ST segment elevation

13 203 0.07 2004 Dysfunction

14 165 0.00 2005 Heart

15 161 0.23 2004 Emotional stress

16 157 0.04 2005 Women

17 141 0.09 2004 Echocardiography

18 141 0.03 2004 Catecholamine

19 135 0.07 2004 Clinical feature

20 132 0.03 2004 Mortality

© Annals of Palliative Medicine. All rights reserved.

Reference co-citation analysis

A literature co-citation map can help to analyze the evolution
of a research topic through the use of key nodes on the
map (7). Two articles co-cited by the same article form a
co-citation relationship. Co-cited references represent the
core literature in the field of TTC. The academic influence
of literature can, to a certain extent, be quantified by two
indicators: co-citation frequency and centrality.

The top 10 citations were listed, six of which assessed
clinical features, neurohumoral features, outcomes, clinical
spectrum, and cardiovascular magnetic resonance (CMR)
findings of TTC, respectively (12-17) (Table 5). This
suggests that excessive sympathetic stimulation may be the
core cause of T'TC. For most of the patients included in the
literature, T'TC was induced by emotional stress, and only
a small portion of patients were men or individuals without
stress-inducing factors. T'TC mainly affects the distal
left ventricle. On CMR, TTC presents as left ventricular
dysfunction and myocardial edema, but there are no
obvious changes related to myocardial necrosis and fibrosis.
Four reviews elucidated the pathophysiological mechanism,
diagnosis, treatment, complications, and prognosis of TTC.
The position statement from the taskforce on TTC of the
Heart Failure Association of the ESC (European Society
of Cardiology) was a milestone in the systematic study of
the disease and inspired an increase in efforts to understand
TTC (18-21).
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Figure 5 Visualization of keyword clustering.

Table 4 Keyword clustering information

Cluster Size Silhouette  Mean Cluster name

ID coefficient  (year)

0 42 0.942 2006 Subarachnoid hemorrhage

1 39 0.902 2008 Apical ballooning syndrome

2 34 0.884 2009 Mpyocarditis

3 32 0.983 2005 Tako-tsubo

4 30 0.879 2007 Echocardiography

5 24 0.942 2011  Stress

6 21 0.960 2005 Cardiomyopathy

7 20 0.942 2006 Catecholamine-induced
cardiomyopathy

8 18 0.905 2007 Broken heart syndrome

9 18 0.963 2005 Emotional stress

10 18 0.983 2008 Pheochromocytoma
11 15 0.999 2005 Stress cardiomyopathy
12 15 0.929 2008 Takotsubo syndrome

13 10 1.000 2005 Takotsubo-like left ventricular
dysfunction

14 10 0.984 2015 Mortality
15 5 0.992 2005 Takotsubo-shaped

The silhouette coefficient in the table is greater than 0.7.

© Annals of Palliative Medicine. All rights reserved.

#6 cardiomyopathy

5 takotsubo-shaped

Hot domains and frontiers

The burst of TTC keywords can roughly be divided into
two periods: an early stage and a late stage (Figure 64). In
the early stage (2004 to 2013), “ampulla cardiomyopathy”,
“coronary artery stenosis”, and “ST-segment elevation”
were first detected and persisted, which was consistent
with the keyword co-occurrence analysis. The burst
analysis showed that TTC and myocardial infarction share
many clinical features and are difficult to distinguish. The
diagnosis of TTC requires non-invasive means, such as
a cardiac ultrasound and nuclear magnetic resonance, as
well as invasive techniques, such as coronary angiography,
combined with evaluation of clinical features. The keywords
“female” and “emotional stress” also showed that women
were more prone to stress clinically, which indicates that
the disease is closely related to stress, and this finding is
consistent with epidemiological studies (1,22). In the late
stage (2013 to 2020), in addition to the pathophysiology
characteristics of the disease, the keywords “European
Society” and “association” were frequently used, which
because of a 2015 position statement from the ESC Heart
Failure Association: a comprehensive review of the various
clinical and pathophysiological facets of TTC (18).

To find more up-to-date keywords, we used CiteSpace
to produce a map of the top 15 burst keywords (Figure 6B)
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Table 5 Top 10 of reference co-citation analysis
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Rank First author Article

Journal

Year of publication Number of citations Centrality

Clinical Features and Outcomes of
Takotsubo (Stress) Cardiomyopathy

1 Templin

2 Wittstein Neurohumoral features of myocardial

stunning due to sudden emotional stress

3 Lyon Current state of knowledge on Takotsubo
syndrome: a Position Statement from the
Taskforce on Takotsubo Syndrome of the
Heart Failure Association of the European

Society of Cardiology

4 Prasad
stress cardiomyopathy): a mimic of acute
myocardial infarction

5 Gianni Apical ballooning syndrome or takotsubo

cardiomyopathy: a systematic review

6 Sharkey Acute and reversible cardiomyopathy
provoked by stress in women from the

United States

7 Bybee
apical ballooning: a syndrome that mimics
ST-segment elevation myocardial infarction

8 Sharkey
of stress (tako-tsubo) cardiomyopathy

9 Abe
left ventricular apical ballooning

10 Eitel
magnetic resonance findings in stress
(takotsubo) cardiomyopathy

Clinical characteristics and cardiovascular JAMA

New Engl J Med 2015 393 0.07

New Engl J Med 2005 328 0.04

Eur J Heart Fail 2016 219 0.05

Apical ballooning syndrome (Tako-Tsubo or Am Heart J 2008 215 0.06

Eur Heart J 2006 210 0.05

Circulation 2005 208 0.01

Systematic review: transient left ventricular Ann Intern Med 2004 194 0.01

Natural history and expansive clinical profile J Am Coll Cardiol 2010 161 0.1

Assessment of clinical features in transient J Am Coll Cardiol 2003 131 0.01

2011 129 0.11

from the 5 years (2015 to 2020) following the publication
of the above statement. The burst keywords included “in-
hospital mortality”, “risk factor”, “atmospheric fabric”,
“stroke”, and “epidemiology”, among others. In addition
to there being a large number of burst keywords, some
keywords persisted in literature for a long time, suggesting
that research on TT'C was in the prototypical stages during
the period from 2015 to 2020 and that its popularity will
continue to grow. Moreover, many pathophysiological
mechanisms of T'TC remain unknown, and further
examination of T'TC is therefore of great research value.
The Timeline view focuses on the relationships between
clusters and the historical span of documents within a
cluster (7). Analysis of the keyword timeline (Figure 7)
indicated that some of the keywords in clusters #0 to #5 had
a wide connection span and good continuity, suggesting that

© Annals of Palliative Medicine. All rights reserved.

these clusters (including T'T'C, inverted TTC, coronary
artery stenosis, under-recognized myocardial syndrome, and
contrast echocardiography) have current and future research
significance. The most recent research hotspots included
inflammation, coronavirus disease 2019 (COVID-19),
the myocardial infarction and normal or non-obstructive
coronary arteries (MINOCA) strain, and cancer. These
research hotspots will become new trends in the future.

Discussion

This study employed visualization technology to analyze
the TT'C-related literature published in the Web of Science
database up to 2020. The United States, Italy, Germany,
France, and the UK have all conducted a lot of research on
TTC, and there has been good cooperation among these

Ann Palliat Med 2022;11(4):1505-1517 | https://dx.doi.org/10.21037/apm-21-2645
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A Top 20 keywords with the strongest citation bursts
Keywords Year Strength Begin End 2004-2020

Ampulla cardiomyopathy 2004 18.35 2004 2010

Coronary artey stenosis 2004 11.26 2004 2010

St segmentelevation 2004 15.39 2005 2011

United states 2004 10.78 2005 2008

Emotional stress 2004 13.96 2006 2010

St segment elevation 2004 13.95 2006 2009

Women 2004 13.85 2006 2009

Left ventricular dysfunction 2004 12.82 2006 2010

Dysfiunction 2004 12.77 2006 2008

Apical ballooning 2004 12.38 2006 2009

Left ventriculardysfunction =~ 2004 10.47 2009 2013

Pattern 2004 9.9 2013 2016

Pathophysiology 2004 9.83 2015 2020

Mortality 2004 32.16 2016 2020

Stress cardiomyopathy 2004 19.42 2016 2018

Outcm 2004 36.1 2017 2020

Association 2004 19.06 2017 2020

European society 2004 14.08 2017 2020

Takotsubo syndrome 2004 49.48 2018 2020

Predictor 2004 11.51 2018 2020

B Top 15 keywords with the strongest citation bursts

Keywords Year Strength Begin End 2015-2020

Apical ballooning syndrome 2015 6.53 2015 2016 g s s s
Stress-induced cardiomyopathy 2015 5.04 2015 20716 s s s
pattern 2015 434 2015 2016 mmmmesenes
Apicalballooning syndrome 2015 4.59 2016 2017 s e s e
Stress induced cardiomyopathy 2015 2.57 2016 2017 . o i o s e
In hospital mortality 2015 5.2 2017 2018 . e e
Heart disease 2015 3.46 2017 2018 .. emmmene
Risk factor 2015 291 2017 2020 ... msmeme
Emotional stress 2015 2.76 2017 2018 .. e
Atrial fibrillation 2015 255 2017 2020 ... msme——
Stroke 2015 242 2017 2018 .. ememe.o
Epidemiology 2015 379 2018 2020 0. cmmmes
Task force 2015 378 2018 2020 ... emmmem
Mechanism 2015 272 2018 2020 ... essmes
European society 2015 2.32 2018 2020 e -

Figure 6 The burst of TTC keywords. (A) Top 20 TTC keywords with the strongest citation bursts from 2004 to 2020; (B) top 15 TTC
keywords with the strongest citation bursts from 2015 to 2020. T'T'C, Takotsubo cardiomyopathy.

countries. However, in developing countries, research has
been limited. Despite the publication of many articles by
institutions across various countries, there has been little
inter-institutional cooperation between them, and research
was isolated. Disease characteristics, diagnostic approaches,
epidemiology, and pathophysiological mechanisms have
always been hot topics in TTC research. Emerging topics
are focused on the prognosis and complications of TTC,

© Annals of Palliative Medicine. All rights reserved.

such as MINOCA, atrial fibrillation (AF), stroke, cancer,
and COVID-19-related cardiovascular abnormalities.

The expert consensus of the ESC on TTC in 2015
was the dividing line for the study of the condition. Less
attention was paid to research about TTC before the
demarcation line, as TTC was generally considered a
relatively benign condition with a rapid recovery rate of
left ventricular function. At the same time, there was a

Ann Palliat Med 2022;11(4):1505-1517 | https://dx.doi.org/10.21037/apm-21-2645
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lack of awareness of TTC among clinicians. Common
nomenclature for TTC included stress or stress-induced
cardiomyopathy, apical ballooning syndrome, ampullary-
shaped cardiomyopathy, and broken heart syndrome. There
were also numerous diagnostic criteria, a lack of clarity
about clinical manifestations, and auxiliary examinations
that contributed to the uncertainty in the diagnosis and
treatment of TTC.

However, in 2015, due to the increasing awareness of
TTC as an acute heart disease with multiple complications,
the ESC issued a statement that highlighted the importance
of research about TTC, and the condition has gained
increasing attention. It is not only the proposal of seven
new diagnostic criteria, but also focus on differentiation
of TTC from acute infectious myocarditis and acute
coronary syndrome, and auxiliary diagnostic techniques,
such as a diagnostic coronary angiography, 12-lead
electrocardiogram, coronary computed tomography
angiography, echocardiography, and late-stage gadolinium-
enhanced CMR imaging to provide guidance for the
diagnosis of TT'C. Literature in our review hypothesized
that the pathophysiology of TTC had three main
aspects: separate vascular, myocardial, vascular combined
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myocardial. The literature recognized that responses of the
cognitive centers in the brain, the hypothalamic-pituitary-
adrenal (HPA) axis, and the cardiovascular system to
catecholamines play a key role in the development of T'TC.

Although reports on TTC-related pathophysiology,
epidemiology, and auxiliary examination methods exist,
comprehensive studies have yet to be performed. For
instance, the bursting keyword “risk factor” included
“diabetes mellitus” and “cannabis use disorder” (23).
Diabetes is present in 10% to 25% of patients from the
international, multicenter GEIST registry and may be
associated with increased susceptibility to TTC due to
autonomic remodeling (24). Subarachnoid hemorrhage and
ischemic stroke induce the production of a large number
of endogenous cannabinoids, resulting in neurogenic
myocardial stunning, which is also highlighted on our
keyword timeline (25). There are also other risk factors for
TTC to be further studied.

Epidemiology was a prominent keyword. The first
Nationwide Inpatient Sample (NIS-USA), a large cohort
study, found that most (90%) of patients with TTC were
postmenopausal older women (66 to 80 years old) (1).
Another study reported that 98% of patients underwent
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CMR assessment diagnosed with TTC were women (22).
These observations raise the question of why women
are prone to TTC. Firstly, women’s estrogen levels may
play a role in TTC. In studies of rats with their ovaries
removed, those supplemented with estrogen had a lower
rate of cardiac dysfunction, with estrogen reducing the
heart rate and blood pressure associated with emotional
stress (26). Some studies have also indicated that
estrogen supplementation can also reduce catecholamine
concentrations in plasma, therefore protecting the heart
from stress-induced cardiomyopathy (26,27). However, in
contrast to the catecholamine surge theory described above,
research also suggests that coronary artery spasm is the
initial pathophysiological factor (28). Acetylcholine testing
of endothelial dysfunction may credibly identify the cause of
stunning in patients with TT'C in specific circumstances (29).
Estrogen helps to preserve endothelial function, and a
lack of it may lead to coronary microvascular dysfunction.
Compared to those of women with acute myocardial
infarction or with normal coronary arteries, the E2
concentrations of postmenopausal patients with TTC were
found to be elevated during acute events, which resulted in a
stress response that diverted myocardial infarction to TT'C as
opposed to myocardial infarction (30). Therefore, estrogen
may play a role in the two kinds of mechanisms of TCC, but
the specific mechanism still needs further clarification.

The results of keyword clustering and keyword
burst analysis indicated that TT'C has a wide variety of
complications and a complex prognosis. The following
studies partially explained the possible mechanisms or effects
of TTC. Studies on the burst keyword “stroke” showed that
the catecholamine surge hypothesis was the most widely
accepted brain-heart interaction mechanism (31). Myocardial
injury is caused by direct catecholamine toxicity, adrenergic
receptor-mediated injury, epicardial and microvascular
coronary artery constriction and/or spasm, and an increase
in cardiac load (32). Human emotions and physical states are
regulated by the HPA axis, which is activated after stroke,
leading not only to stress but also a significant increase in
catecholamine secretion (33-36). Catecholamines act on the
heart via B-receptors to increase the intensity and rate of
contraction, and B-receptors coupled to G proteins increase
cytoplasmic cyclic adenosine monophosphate, trigger
calcium overload, and induce cardiomyocyte death (37,38).
At the same time, after a stroke, the literature showed that
emotions are often altered by stress, and stress also acts
on the heart and pressure receptors, which are integrated
by the paraventricular nucleus of the hypothalamus and
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exported by the sympathetic nerves of the heart to induce
cardiac injury (31,39). One study also found that pre-
existing neurological or psychiatric illness predisposes
individuals and contributes to TTC development (40).
Therefore, after a stroke, activation of the HPA axis
accompanied by pressure changes causes the release of a
large amount of catecholamines, which results in abnormal
echocardiograms, arrhythmia, myocardial damage, and
TTC (41).

Within the past 5 years Between 2015 and 2020, another
term whose burst that lasted for 4 years was AF, which
is a complication of TTC. Inflammation and oxidative
stress are key factors in the development of AF, and
anxiety may increase catecholamine load, resulting in the
production of reactive oxygen species and inflammation
(42,43). Furthermore, one study reported that anxiety
also activates the renin angiotensin aldosterone system,
and promotes AF occurrence and progression (44). As
mentioned above, elevated serum catecholamine levels can
trigger T'T'C through microvascular endothelial injury and
catecholamine cardiotoxicity. Because AF and TTC share
the same inducing mechanism, the development of TTC is
likely to be accompanied by AF. Compared to those TTC
alone, patients with comorbid TTC and AF experience
significantly more in-hospital events, such as cardiogenic
shock, and have increased short- and long-term mortality
(45-48). Furthermore, a meta-analysis also showed that
the presence of AF was associated with all-cause mortality
(pooled odds ratio =2.19; 95% confidence interval) (49).
AF can therefore affect the prognosis of TTC. However,
no study to date has explored the effects of TT'C on the
prognosis of AF. Consequently, it is unknown whether
the poor prognosis of TTC with AF is caused by the AF
itself, and further research is required to understand this
relationship.

The complications mentioned in the keyword timeline
included cancer, COVID-19, and MINOCA. One study
showed that patients with T'T'C had a high incidence of
malignant tumors, and that specific malignant tumor-related
factors (tumor type, metabolic and neurohumoral alteration,
and treatment measures) influence the development and
outcome of TTC (50). The TTC group of chemotherapy
patients had almost two-fold greater odds (OR =2.17)
of experiencing in-hospital mortality. The risk was also
increased for patients who were older, Asian, or treated in
an urban teaching hospital, and for those who experienced
complications such as septicemia, fluid-electrolyte disorders,
or cardiogenic shock. A history of respiratory failure
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independently raised the odds of mortality for patients in
the TTC group who were receiving chemotherapy (51). A
meta-analysis revealed that, compared to controls, patients
with cancer showed an increased risk for clinical events
(RR 3.24; 95% CI: 3.04-3.45; P<0.01). The risk of in-
hospital events was also significantly higher in the cancer
group (RR 2.08; 95% CI: 1.50-2.87; P<0.01), which was
mainly because of the higher need for respiratory support
(RR 1.67; 95% CI: 1.58-1.77; P<0.01) (52). In studies of
TTC in patients with COVID-19 or MINOCA, a variety
of auxiliary examinations were performed to assist in the
diagnosis and evaluation of TTC. A Journal of the American
College of Cardiology scientific expert panel proposed
using multimodal imaging to evaluate cardiovascular
complications in patients with the COVID-19 infection.
Furthermore, for patients with a clinical manifestation
of acute MINOCA, such as TTC, CMR can assist in
confirming myocardial infarction or provide alternative
diagnoses (53). In a prospective international survey of
1,216 patients from 69 countries across 6 continents,
echocardiography detected TTC in 2% of patients
diagnosed with COVID-19 (54). Further, MINOCA and
TTC can be predicted by measuring the coronary fat
attenuation index (pFAI), which is a marker of coronary
inflammation, through standard CCTA. Therefore, the
application of CMR, CCTA, and echocardiography is
helpful in the diagnosis of TTC in patients infected with
COVID-19, and can reveal the possible inflammatory
mechanism of TTC.

Our literature search showed that there are still some
limitations. First, the study tended to organize the research
in terms of bibliometrics, which is a majority view and may
fail to summarize all TTC knowledge. Second, our paper’s
data scope was limited to the Web of Science, which was
sufficient to meet our objectives but may not contain all
available published research about TTC.

Conclusions

We used CiteSpace mapping of literature about TTC
during the period from 2004 to 2020 to identify the main
countries and institutions that have contributed to the
study of TTC and their cooperative relations. Our analysis
of keywords has revealed emerging trends, hot spots, and
prospects in TTC research. Research on TT'C is dominated
by developed countries, and there is close cooperation
between countries but not between institutions. Pathogenic
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factors identified in the literature are related to abnormal
levels of estrogen, cortisol, and catecholamines. Research
shows that diseases such as AF, cancers, COVID-19, and
MINOCA can trigger TTC. Our literature review has also
shown that multimodal imaging, CMR, echocardiography,
and CCTA can aid in the diagnosis of TT'C. Our research
will help clinicians and researchers to better understand
TTC and its research status by providing a foundation
for research objectives. In doing this, our research will
help to provide better scientific management, diagnosis,
and treatment for patients with TTC, which will in turn
improve the prognosis of this condition.

Acknowledgments

We thank C. Mullens and J. Reynolds from AME Editing
Service (http://editing.amegroups.cn/) for editing the
English text of a draft of this manuscript.

Funding: This work was supported by a grant from the
National Natural Science Foundation of China (Grant No.
82074409).

Footnote

Peer Review File: Available at https://apm.amegroups.com/
article/view/10.21037/apm-21-2645/prf

Conflicts of Interest: All authors have completed the
ICMJE uniform disclosure form (available at https://apm.
amegroups.com/article/view/10.21037/apm-21-2645/coif).
The authors have no conflicts of interest to declare except

for the funding.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

Ann Palliat Med 2022;11(4):1505-1517 | https://dx.doi.org/10.21037/apm-21-2645


https://apm.amegroups.com/article/view/10.21037/apm-21-2645/prf
https://apm.amegroups.com/article/view/10.21037/apm-21-2645/prf
https://apm.amegroups.com/article/view/10.21037/apm-21-2645/coif
https://apm.amegroups.com/article/view/10.21037/apm-21-2645/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

1516

References

1.

10.

11.

12.

13.

14.

15.

16.

© Annals of Palliative Medicine. All rights reserved.

Deshmukh A, Kumar G, Pant S, et al. Prevalence of
Takotsubo cardiomyopathy in the United States. Am Heart
J2012;164:66-71.el.

Y-Hassan S, Tornvall P. Epidemiology, pathogenesis, and
management of takotsubo syndrome. Clin Auton Res
2018;28:53-65.

Tornvall P, Collste O, Ehrenborg E, et al. A Case-Control
Study of Risk Markers and Mortality in Takotsubo Stress
Cardiomyopathy. ] Am Coll Cardiol 2016;67:1931-6.
Synnestvedt MB, Chen C, Holmes JH. CiteSpace II:
visualization and knowledge discovery in bibliographic
databases. AMIA Annu Symp Proc 2005;724-8.

Web of Science database. Available online: https://www.
webofscience.com

Rousseeuw PJ. Silhouettes: a graphical aid to the
interpretation and validation of cluster analysis. ] Comput
Appl Math 1987;20:53-65.

Chen C, Hu Z, Liu S, et al. Emerging trends in
regenerative medicine: a scientometric analysis in
CiteSpace. Expert Opin Biol Ther 2012;12:593-608.

Kim MC, Nam S, Wang F, et al. Mapping scientific
landscapes in UMLS research: a scientometric review. ]
Am Med Inform Assoc 2020;27:1612-24.

Ma'Y, Zhou R, Wu Q. Global research hotspots and
research trends on idiopathic pulmonary fibrosis: a
bibliometric and visualization analysis. Ann Palliat Med
2021;10:9057-68.

Chen Y, Chen CM, Liu ZY, et al. Methodological function
of CiteSpace knowledge map. Studies in Science of Science
2015;33:242-53.

Akashi YJ, Goldstein DS, Barbaro G, et al. Takotsubo
cardiomyopathy: a new form of acute, reversible heart
failure. Circulation 2008;118:2754-62.

Templin C, Ghadri JR, Diekmann J, et al. Clinical Features
and Outcomes of Takotsubo (Stress) Cardiomyopathy. N
Engl J] Med 2015;373:929-38.

Wittstein IS, Thiemann DR, Lima JA, et al.
Neurohumoral features of myocardial stunning due to
sudden emotional stress. N Engl ] Med 2005;352:539-48.
Sharkey SW, Windenburg DC, Lesser JR, et al. Natural
history and expansive clinical profile of stress (tako-tsubo)
cardiomyopathy. ] Am Coll Cardiol 2010;55:333-41.
Sharkey SW, Lesser JR, Zenovich AG, et al. Acute and
reversible cardiomyopathy provoked by stress in women
from the United States. Circulation 2005;111:472-9.

Eitel I, von Knobelsdorff-Brenkenhoff F, Bernhardt P, et

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Shou et al. A scientometric review of TTC

al. Clinical characteristics and cardiovascular magnetic
resonance findings in stress (takotsubo) cardiomyopathy.
JAMA 2011;306:277-86.

Abe Y, Kondo M, Matsuoka R, et al. Assessment of clinical
features in transient left ventricular apical ballooning. ]
Am Coll Cardiol 2003;41:737-42.

Lyon AR, Bossone E, Schneider B, et al. Current state of
knowledge on Takotsubo syndrome: a Position Statement
from the Taskforce on Takotsubo Syndrome of the Heart
Failure Association of the European Society of Cardiology.
Eur J Heart Fail 2016;18:8-27.

Prasad A, Lerman A, Rihal CS. Apical ballooning syndrome
(Tako-Tsubo or stress cardiomyopathy): a mimic of acute
myocardial infarction. Am Heart ] 2008;155:408-17.

Gianni M, Dentali F, Grandi AM, et al. Apical ballooning
syndrome or takotsubo cardiomyopathy: a systematic
review. Eur Heart J 2006;27:1523-9.

Bybee KA, Kara T, Prasad A, et al. Systematic review:
transient left ventricular apical ballooning: a syndrome
that mimics ST-segment elevation myocardial infarction.
Ann Intern Med 2004;141:858-65.

Dastidar AG, Baritussio A, De Garate E, et al. Prognostic
Role of CMR and Conventional Risk Factors in
Myocardial Infarction With Nonobstructed Coronary
Arteries. JACC Cardiovasc Imaging 2019;12:1973-82.
Medina de Chazal H, Del Buono MG, Keyser-Marcus L,
et al. Stress Cardiomyopathy Diagnosis and Treatment:
JACC State-of-the-Art Review. ] Am Coll Cardiol
2018;72:1955-71.

Stiermaier T, Santoro F, El-Battrawy I, et al. Response to
Comment on Stiermaier et al. Prevalence and Prognostic
Impact of Diabetes in Takotsubo Syndrome: Insights From
the International, Multicenter GEIST Registry. Diabetes
Care 2018;41:1084-1088. Diabetes Care 2018;41:e122.
Bybee KA, Prasad A. Stress-related cardiomyopathy
syndromes. Circulation 2008;118:397-409.

Ueyama T, Ishikura F, Matsuda A, et al. Chronic estrogen
supplementation following ovariectomy improves the
emotional stress-induced cardiovascular responses by
indirect action on the nervous system and by direct action
on the heart. Circ J 2007;71:565-73.

Sclarovsky S, Nikus KC. The role of oestrogen in the
pathophysiologic process of the Tako-Tsubo cardiomyopathy.
Eur Heart ] 2010;31:377; author reply 377-8.

Angelini P, Uribe C, Tobis JM. Pathophysiology of
Takotsubo Cardiomyopathy: Reopened Debate. Tex Heart
InstJ 2021;48:¢207490.

Angelini P. Transient left ventricular apical ballooning: A

Ann Palliat Med 2022;11(4):1505-1517 | https://dx.doi.org/10.21037/apm-21-2645



Annals of Palliative Medicine, Vol 11, No 4 April 2022

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

© Annals of Palliative Medicine. All rights reserved.

unifying pathophysiologic theory at the edge of Prinzmetal
angina. Catheter Cardiovasc Interv 2008;71:342-52.
Brenner R, Weilenmann D, Maeder MT, et al. Clinical
characteristics, sex hormones, and long-term follow-up in
Swiss postmenopausal women presenting with Takotsubo
cardiomyopathy. Clin Cardiol 2012;35:340-7.

Chen Z, Venkat P, Seyfried D, et al. Brain-Heart
Interaction: Cardiac Complications After Stroke. Circ Res
2017;121:451-68.

Pelliccia F, Kaski JC, Crea F, et al. Pathophysiology of
Takotsubo Syndrome. Circulation 2017;135:2426-41.
Rosmond R, Bjorntorp P. The hypothalamic-pituitary-
adrenal axis activity as a predictor of cardiovascular disease,
type 2 diabetes and stroke. J Intern Med 2000;247:188-97.
Guo J, Wang J, Sun W, et al. The advances of post-stroke
depression: 2021 update. J Neurol 2022;269:1236-49.
Mracsko E, Liesz A, Karcher S, et al. Differential effects of
sympathetic nervous system and hypothalamic-pituitary-
adrenal axis on systemic immune cells after severe
experimental stroke. Brain Behav Immun 2014;41:200-9.
Fassbender K, Schmidt R, Méssner R, et al. Pattern of
activation of the hypothalamic-pituitary-adrenal axis

in acute stroke. Relation to acute confusional state,
extent of brain damage, and clinical outcome. Stroke
1994;25:1105-8.

Moss RL, Fitzsimons DP, Ralphe JC. Cardiac MyBP-C
regulates the rate and force of contraction in mammalian
myocardium. Circ Res 2015;116:183-92.

Saini HK, Tripathi ON, Zhang S, et al. Involvement of
Na+/Ca2+ exchanger in catecholamine-induced increase
in intracellular calcium in cardiomyocytes. Am J Physiol
Heart Circ Physiol 2006;290:H373-80.

Loubinoux I, Kronenberg G, Endres M, et al. Post-stroke
depression: mechanisms, translation and therapy. J Cell
Mol Med 2012;16:1961-9.

Schnabel RB, Hasenfufl G, Buchmann S, et al.

Heart and brain interactions : Pathophysiology and
management of cardio-psycho-neurological disorders.
Herz 2021;46:138-49.

Bernardi J, Aromolaran KA, Aromolaran AS. Neurological
Disorders and Risk of Arrhythmia. Int ] Mol Sci
2020;22:188.

Carney RM, Freedland KE, Veith RC. Depression, the
autonomic nervous system, and coronary heart disease.
Psychosom Med 2005;67 Suppl 1:529-33.

Lefer DJ, Granger DN. Oxidative stress and cardiac
disease. Am J Med 2000;109:315-23.

Turin A, Bax JJ, Doukas D, et al. Interactions Among

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

1517

Vitamin D, Atrial Fibrillation, and the Renin-Angiotensin-
Aldosterone System. Am J Cardiol 2018;122:780-4.
El-Battrawy I, Lang S, Ansari U, et al. Impact of
concomitant atrial fibrillation on the prognosis of
Takotsubo cardiomyopathy. Europace 2017;19:1288-92.
Vincent L'T, Grant J, Ebner B, et al. Effect of Gender on
Prognosis in Patients With Takotsubo Syndrome (from a
Nationwide Perspective). Am J Cardiol 2022;162:6-12.
El-Battrawy I, Cammann VL, Kato K, et al. Impact of
Atrial Fibrillation on Outcome in Takotsubo Syndrome:
Data From the International Takotsubo Registry. ] Am
Heart Assoc 2021;10:¢014059.

Stiermaier T, Santoro F, Eitel C, et al. Prevalence and
prognostic relevance of atrial fibrillation in patients with
Takotsubo syndrome. Int J Cardiol 2017;245:156-61.
Prasitlumkum N, Kittipibul V, Limpruttidham N,

et al. The presence of atrial fibrillation in Takotsubo
cardiomyopathy is predictive of mortality: Systematic
review and meta-analysis. Ann Noninvasive Electrocardiol
2019;24:e12566.

Cammann VL, Sarcon A, Ding KJ, et al. Clinical Features
and Outcomes of Patients With Malignancy and Takotsubo
Syndrome: Observations From the International
Takotsubo Registry. ] Am Heart Assoc 2019;8:e010881.
Desai R, Abbas SA, Goyal H, et al. Frequency of
Takotsubo Cardiomyopathy in Adult Patients Receiving
Chemotherapy (from a 5-Year Nationwide Inpatient
Study). Am ] Cardiol 2019;123:667-73.

Brunetti ND, Tarantino N, Guastafierro F, et al.
Malignancies and outcome in Takotsubo syndrome: a
meta-analysis study on cancer and stress cardiomyopathy.
Heart Fail Rev 2019;24:481-8.

Rudski L, Januzzi JL, Rigolin VH, et al. Multimodality
Imaging in Evaluation of Cardiovascular Complications in
Patients With COVID-19: JACC Scientific Expert Panel.
J Am Coll Cardiol 2020;76:1345-57.

Dweck MR, Bularga A, Hahn RT; et al. Global evaluation
of echocardiography in patients with COVID-19. Eur
Heart ] Cardiovasc Imaging 2020;21:949-58.

Cite this article as: Shou X, Wang Y, Jia Q, Shi J, Zhang X,
Shi S, Shi SQ, Yuan G, Chai R, Xue W, Yang Y, Duan C, Hu Y.
Knowledge domain and emerging trends in Takotsubo
cardiomyopathy: a scientometric review based on CiteSpace
analysis. Ann Palliat Med 2022;11(4):1505-1517. doi: 10.21037/
apm-21-2645

Ann Palliat Med 2022;11(4):1505-1517 | https://dx.doi.org/10.21037/apm-21-2645



