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Abstract

Takotsubo syndrome(TTS) is attributed to catecholamine surge, which is also observed in COVID-19 disease due to the cytokine
storm. We performed a systematic literature search using PubMed, Embase, and the Cochrane Central Register of Controlled
Trials retrospectively to identify COVID-19-associated TTS case reports and evaluated patient-level demographics, laboratory
markers clinical attributes, treatment given, and outcomes. There are 27 cases reported of TTS associated with COVID-19
infection of which 44.5% were male. Reported median age was 57 years (IQR: 39—65) and 62.95 years (IQR: 50.5-73.5) in
case series and individual patients’ cases in database, respectively. The time interval from the symptom onset to TTS diagnosis
was median 6.5 days (IQR: 1.0-8.0) in case series and 6.7 days (IQR: 4-10) in individual patients’ database. The median LVEF
was 36% (IQR: 35-37) and 38.15%(IQR: 30-42.5%—male: 40.33% (IQR: 33-44.2)] and female [37.15% (IQR: 30-40)] in
case series and individual-patients’ database, respectively. Troponin was elevated in all patients except one patient. 77.2%
patients of TTS with COVID-19 had an elevated C-reactive protein and/or D-dimer. Twelve out of 22 (54.5%) patients developed
cardiac complication such as cardiogenic-shock, atrial fibrillation, acute heart failure, supraventricular tachycardia, and
biventricular heart failure. Nineteen out of 26 (73.07%) patients were discharged, and three were hospitalized due to acute
respiratory distress syndrome and needed extracorporeal membrane oxygenation or ongoing maternal age. There were 4
(14.8%) mortality. There was no major gender difference observed in development of TTS in COVID-19 unlike COVID-19
per se. Older median age group for TTS in COVID-19 patients irrespective of cardiovascular comorbidities and gender probably
reflects age as an independent risk factor. Patients who developed TTS had higher mortality rate especially if they developed
cardiogenic shock.
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Introduction

As of 25 November 2020, COVID-19 has affected
59,204,902 people and 13,97,139 death with CFR of 2.35%
globally as per WHO Situation Report. Emerging evidence
suggests that COVID-19 not only affects the respiratory sys-
tem but can affect multiple organ systems [1]. Takotsubo syn-
drome (TTYS) is a reversible cardiac condition, characterized
by acute left ventricular dysfunction usually in the setting of
physical or emotional stress [2]. In a study, Shi et al. reported a
high burden of myocardial injury (19.7-27.8%), contributing
to significantly high mortality reported in these patients [3].
COVID-19 patients with cardiovascular injury have been re-
ported to have a high burden of underlying cardiovascular
comorbidities [3, 4]. One of the recent cohorts has reported
an evidence of substantial (78 %) cardiac involvement in mag-
netic resonance imaging (MRI) among 100 German patients,
who were diagnosed, treated, and recovered from COVID-19
illness. Compared to risk factor matched controls, COVID-19
patients had lower left ventricular ejection fraction (LVEF),
higher left ventricle (LV) volume, high sensitive troponin T
(hsTnT), and higher MRI markers of inflammation (T1 and T2
measures, 60%) and enhancement at a median time of 71 days
after diagnosis [5]. Current evidence suggests that fulminant
cases of COVID-19 might have a cytokine storm or cytokine
releasing syndrome, demonstrated by elevation of inflamma-
tory cytokines [6]. Hyperinflammatory states can lead to acute
stress and injury, characterized by elevated markers of inflam-
mation and/or myocardial injury such as C-reactive protein,
pro-calcitonin, creatine kinase, myoglobin, troponins, and N-
terminal pro b-type natriuretic peptide (NT-proBNP) in these
patients [6]. It has been observed that cytokine release syn-
drome is often accompanied by catecholamine surge [7],
which can predispose to TTS in COVID-19 patients. Due to
paucity of data on TTS in COVID-19, we aimed to perform a
systemic review of individual case reports and case series of
TTS in COVID-19 patients.

Method
Search Strategy

Online databases including PubMed, Google scholar, Web of
Science, and the Cochrane Central Register of Controlled
Trials were retrospectively searched until inception. Search
strategy followed Preferred Reporting Items for Systematic
Reviews and Meta-Analyze (PRISMA) guidelines by using
MeSH and keywords like “Stress cardiomyopathy”,
“Takotsubo syndrome”, Takotsubo cardiomyopathy”,
“Broken heart syndrome”, “COVID-19", and “SARS-COV-
2". The search items were combined using Boolean operators
(“OR”; “AND”). No filters including language, country of

publication, and type of articles, including abstracts and post-
ers, were applied. The references of individual case reports
were sifted to find any relevant cases. The available results
were downloaded into an EndNote library. The full search
strategy is shown in the PRISMA diagram (Fig. 1).

Study Selection

We selected all these case reports and case series. Two authors
(H.D and K.S) independently reviewed the abstracts, titles,
and types of studies that meet eligibility criteria during phase
1. The disagreements were resolved by consensus with a third
author (D.J). The second phase of the search included full text
review of articles to enable identification of items for data
extraction based on the inclusion criteria. Data from the article
were curated and summarized in the form of country of origin,
age, gender, clinical features on admission, PMH/ comorbid-
ities, complication during hospitalization, triggering events,
medical intervention during hospitalization, and their out-
come. Analysis and data collection were performed using
Microsoft Excel software.

Results

The search yielded 27 patients (case reports n = 17; case series
n=3). The “baseline demographic, clinical and laboratory
characteristics” and “clinical outcomes and medical manage-
ment “of individual patient data are shown in Table 1 and
Table 2, respectively, and case series in Table 3. Of all report-
ed 27 cases, 22 patients’ individual data was incompletely
available on search. 55.5% of TTS (n=15) patients were
women and were more than 60 years of age (n=38; 53.3%).
Most of the reported cases were from the USA (43.7%)
[8-18], Italy (31.25%) [19-23], and Spain (12.5%) [24, 25],
while Belgium [26] and Switzerland [27] contributed 1 case
each. Among the cohort, 19 out of 26 (73.07%) patients were
discharged, and three were hospitalized due to acute respira-
tory distress syndrome and on extracorporeal membrane oxy-
genation or ongoing maternal age. There were 4 (14.81%)
deaths in TTS with COVID-19, which is higher than mortality
reported in COVID-19 with pre-existing cardiovascular dis-
eases otherwise (14.81% vs 5.8%) [28].

Case Series

Case series of Giustino G and colleagues reported 5 male
patients of TTS with COVID-19 positive. Reported median
age was 57 years (IQR: 39-65). The study noted that median
time from symptoms onset to TTS diagnosis was 6.5 days
(IQR: 1.0-8.0), with median value of troponin,1.4 ng/mL
(IQR: 0.55-12.55); CK-MB, 26.9 ng/mL; BNP, 153 pg/mL;
CRP, 207 mg/dL; and IL, 6-56 pg/mL. Ejection fraction was
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36% (IQR: 35-37). Four out 5 (80%) patients suffer from
acute kidney injury and acute respiratory distress syndrome
during hospitalization (Table 3).

Individual Reported Cases of TTS in COVID-19

For other 22 individual patient’s data, calculated median age
was 62.95 years (IQR: 50.5-73.5). The time interval from the
symptom onset to TTS diagnosis was 6.7 days (IQR: 4-10).
Out of these 22 cases of TTS, comorbidities reported included
hypertension (54.5%), diabetes (36.6%), psychiatric illness
(9.1%), malignancy (13.6%), dyslipidemia or hyperlipidemia
(18.1%), and obesity (22.7%), and two each had ischemic
cardiomyopathy and PCOD (4.54%). Twelve out of 22
(54.5%) patients had cardiac complications such as atrial fi-
brillation, pericardial effusion, cardiogenic shock, heart fail-
ure, supraventricular tachycardia, and biventricular heart fail-
ure. Twenty out of 22 (90.9%) patients reported an elevated
troponin T/I, reduced left ventricular ejection fraction with a
median of 38.15% (IQR: 30%—42.5%) [male: 40.33% (IQR:
33-44.2)] and female [37.15% (IQR: 30-40)]. 17/22
(77.27%) reported an elevated CRP. Eleven patients also re-
ported an elevated D-dimer with a median of 2686.5 ng/mL
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(IQR: 1606—4217). 5/22 (22.72%) reported an elevated IL-6
of mean 350.46 pg/mL (range: 67-724.38). One patient had
both right and left ventricular wall motion abnormalities. All
patient had specific abnormalities on ECG and cardiac imag-
ing suggestive of TTS. Eleven out of 22 (50%) patients were
treated with anticoagulation, nine out of 22 (40.9%) needed
vasopressors during hospitalization, and seven (31.8%) were
treated with beta-blocker or diuretics. 5/22 (22.72%) were
administered tocilizumab. Nineteen out of 22 (86.3%) had
improvement either clinically or on repeat echocardiography
from LV dysfunction.

Discussion

This is the first ever systemic review of COVID-19 patients
with Takotsubo syndrome. As COVID-19 pandemic pro-
gresses globally, clear picture of cardiovascular manifestation
and associated complications is emerging. Takotsubo syn-
drome is one of the cardiovascular complications reported in
literature among COVID-19 patients. Furthermore, studies al-
so reported increasing incidence of development of stress car-
diomyopathy due to COVID-19 pandemic in COVID-19-
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negative patients [29]. In our own previous study, we had
reported male gender is equally affected by TTS with
COVID-19 [30]. The current study confirms that TTS equally
involves both genders in COVID-19 patients unlike TTS
without COVID-19 (male 44.5% and female 55.5% vs male
10.2% and female 89.8%) that might be due to COVID-19
affects predominantly male gender as per current evidence [2].
TTS is found to be more prevalent in postmenopausal women
among females. This may be due to possible decreased levels
of estrogens, as had been evident in animal models which
reported that estrogen may have protective effects on cardiac
myocyte by downregulation of adrenoreceptors,
hypothalamo-sympathoadrenal axis, and rise in
cardioprotective substance such as atrial natriuretic peptide
[31, 32]. It is hypothesized that development of TTS in
COVID-19 could be due to acute stress leading to surge in
the catecholamines. In this study, we have observed that var-
ious physical and emotional triggers were captured in

Table3  Clinical and laboratory characteristics and outcome in COVID-
19 with TTS of case series

Variables Values in median/n
(% or IQR)

Age, years 57 (39-65)

Male n (%) 5 (100%)

Clinical features

Dyspnea n (%) 4 (80%)

Chest Pain n (%) 1 (20%)

Cardiac and inflammatory markers
11.4 (0.55-12.55)
1.8 (1.3-11.5)

Troponin I (ng/mL)
D-dimer (microgram/mL)

CRP (mg/dL) 207 (162-277)
CK-MB (ng/mL) 26.9 (23.9-101.6)
ECG and echocardiographic finding

‘Wall motion abnormalities 7 (%) 5(100%)
Right ventricular dysfunction n (%) 1 (20%)
Pericardial effusion 1 (20%)

ST Segment elevation n (%) 2 (40%)

T wave inversion n (%) 1 (20%)

Sinus tachycardia n (%) 1 (20%)
In-hospital complication

ARDS 7 (%) 4 (80%)

AKI n (%) 4 (80%)
Outcome

Recovered and Discharged n (%) 2 (40%)
Hospitalized n (%) 1 (20%)
Death n (%) 2 (40%)

IOR interquartile range, £CG electrocardiography, ARDS acute respira-
tory destress syndrome, AK/ acute kidney injury, CRP C-reactive protein,
CK-MB creatine-kinase MB

development of TTS in COVID-19, such as infection due to
SARS-CoV-2, psychiatric illness (schizophrenia and anxiety
disorder), stroke, medical procedure (pericardiocentesis), and
COVID-19 pneumonia [8, 9, 13, 19, 20]. Majority of patients
(88.8%) developed various complications during hospitaliza-
tion such as ARDS, cardiogenic or septic shock, pericardial
effusion, acute kidney injury, hypoxemia, atrial fibrillation,
cardiac asystole, hypertensive crisis, and heart failure, supra-
ventricular tachycardia, preeclampsia, and biventricular ven-
tricular failure. Emotional factors such as fear of severity of
COVID-19 itself, contact with hospitalized family member,
worry about socioeconomic costs, nightmares, and intrusive
thoughts of COVID-19 related to morbidity all may lead to
central sympathetic hyperactivation and may contribute in de-
velopment of stress syndrome/Takotsubo syndrome.

One cohort study has found a significant increase in the
incidence of TTS during the COVID-19 pandemic and report-
ed that these patients had significantly longer median hospital
stay than pre-pandemic era (8 days vs 4-5 days) [33].
Conditions of acute stress leading to central sympathetic acti-
vation have been suggested as potential pathophysiological
mechanisms [34]. Hypercytokinemia is a hallmark of SARS-
CoV-2 as it has been reported that COVID-19 is often a state
of both immunodeficiency and hyperinflammation, with the
latter getting manifested by a cytokine storm [6]. The elevated
cytokine levels may also be responsible for the lethal compli-
cations of COVID-19 which are significantly associated with
mortality. Studies have reported that rise in pro-inflammatory
cytokines such as IL-6, IL-10, TNF-a, and [FN-y are observed
in TTS and are associated with increase in-hospital adverse
events (<0.001) and mortality (<0.05) [35, 36]. These itself
can present with an increase in catecholamine levels [37], and
this response itself can induce myocardial inflammation [38].
We have observed that patients with underlying cardiovascu-
lar comorbidities such as non-ischemic cardiomyopathy, hy-
pertension, and diabetes had an elevation of pro-inflammatory
cytokines such as IL-6.

This study also reports that majority of TTS patients had an
elevated CRP level, and this finding was consistent with the
study done by Morel et al. [39], which suggests that inflam-
matory markers might be related to impairment of left ventric-
ular function. Furthermore, significant elevation of troponin
and ECG changes suggestive of myocardial injury was also
noted in almost all patients except one case which had normal
Troponin level.

Current evidence suggests that D-dimer level significantly
increases with increasing severity of COVID-19, which cor-
relates with thrombogenic mellieu. Battrawy et al. [40] stated
that patients with elevated C-reactive protein, D-dimers, and
impaired left ventricular function have increased risk of devel-
opment of thromboembolism in TTS patients. One case report
of TTS with COVID-19 has reported a thrombus formation in
left ventricle, which was successfully managed with
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enoxaparin [23]. Study done by Zhou et al. [41] has reported
that patients who were treated with heparin had lower 28-day
mortality compared to those who were not. In this review, we
observed that (77.2%) patients of TTS with COVID-19 had an
elevated C-reactive protein and/or D-dimer. Majority of pa-
tients were treated with anticoagulation (such as low molecu-
lar weight heparin, fondaparinux, rivaroxaban, clopidogrel).
Oral anticoagulation therapy should be considered in high-risk
COVID-19 patients with TTS such as older age group and
those with reduced LVEF. Furthermore, ten out of 17
(58.8%) were treated with HCQ, five out of 17 (29.4%) with
antivirals, five out of 17 (29.4%) with vasopressors, and 4
patients (23.5%) were treated with beta-blocker. Five patients
were treated with tocilizumab (IL-6 inhibitor). We observed
that all patients who were treated with tocilizumab had im-
provement either clinically or in laboratory findings. A larger
study may aid in assessing benefits of tocilizumab in high-risk
cardiac COVID-19 patients and who have a significantly ele-
vated inflammatory markers such as CRP, IL-6.

In current study, cardiac imaging demonstrated apical bal-
looning in most of the cases [9, 19, 20, 22, 27], apical hypo/
akinesia with or without basal hyperkinesia [8, 10, 20], basal
or mid and basal segment hypo/akinesia [10, 19, 24], and
median TTS [26] characteristic of TTS variants. Four
(14.81%) patients have reported a reverse or inverted
Takotsubo syndrome on echocardiography or ventriculogra-
phy [16, 21, 24, 25]. One patient reported both right and left
ventricular wall motion abnormalities [10]. Furthermore,
Majority of the patients reported non-specific ST or T wave
changes {such as ST segment elevation in Inferior leads (II,
III, aVF) or septal leads (V1, V2) or lateral leads (1 and aVL)
with or without T wave depression in precordial leads}
followed by diffuse PR interval and QTc prolongation. A
wide range of cardiovascular complication reported on elec-
trocardiographic changes in COVID-19 patients such as acute
coronary syndromes, rhythm disorders, non-specific ST-T
wave changes or ischemic changes, acute pericarditis, pulmo-
nary embolism, and left ventricular hypertrophy [42].
Therefore, focused cardiac ultrasound study and critical care
echocardiography performed at bedside are effective options
to screen for cardiovascular complications of COVID-19
infection.

Even though most of cases recovered and were discharged
(74.1%) successftully, ten out of 27 (37.03%) patients devel-
oped at least one of the cardiac complication such as cardio-
genic shock, atrial fibrillation, heart failure, supraventricular
tachycardia, or biventricular heart failure. We observed that
patients with cardiogenic shock had 33.3% (2/6) mortality.
Prognosis of TTS in COVID-19 patients depends on underly-
ing triggering events as it has been reported that physical
triggers in older age group could lead to worse outcomes
due to larger extent of myocardial damage, and the cohort
had higher mortality rate, while those with emotional trigger

SN Comprehensive Clinical Medicine
A SPRINGER NATURE journal

had better outcomes in the cohort [43, 44]. The prognosis of
TTS in COVID-19 patients was worse with 14.8% mortality
as compared to 5.8% mortality in COVID-19 patients having
pre-existing cardiovascular disease without TTS. This can
partially be explained by physical trigger such as COVID-
19/SARS-Cov-2 and underlying comorbidities [13, 28].

Our study was limited by small sample size, publication
bias, missing data, and lack of generalizability in demo-
graphics of the series analyzed.

Conclusion

Though the current evidence suggests that male gender is one
the risk factor in COVID-19, however, there was no major
gender differences observed in development of TTS in
COVID-19. This may reflect females especially postmeno-
pausal age group having an increased risk of development of
TTS, thus yielding almost similar prevalence rates of TTS in
COVID-19. Older median age among TTS in COVID-19 pa-
tients irrespective of cardiovascular comorbidities and gender
probably reflects age as an independent risk factor. Patients
with TTS in COVID-19 have higher mortality rate, more so
among those who developed cardiogenic shock. Early diag-
nosis and management of TTS in COVID-19 may decrease in-
hospital mortality and cardiovascular complication. All high-
risk patients with COVID-19 should be screened for TTS, and
optimal treatment may be considered with antiplatelet medi-
cation, statin, and beta-blockers if indicated.
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