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Abstract
While coronavirus disease 2019 (COVID-19), caused by severe acute respiratory coronavirus 2 (SARS-CoV-2), has often been
perceived as a predominantly respiratory condition, it is characterized by complications in multiple organ systems. Especially the
involvement of the cardiovascular system, along with the possibly severe pulmonary injury, is crucial for prognosis. We
identified three COVID-19 patients with takotsubo (TT) cardiomyopathy at our infectious diseases treatment center and present
their clinical, laboratory, echocardiographic, electrocardiographic, and angiographic features. All patients were female (median
age, 67 years); disease severity regarding COVID-19 ranged from asymptomatic to ARDS (adult respiratory syndrome) neces-
sitating mechanical ventilation for 22 days. Angiography revealed normal coronary arteries in patient 1, severe three-vessel
coronary artery disease (CAD) in patient 2, and insignificant bystander CAD in patient 3. All patients showed classic apical
hypokinesia with basal hyperkinesia. In patient 3, TT cardiomyopathy resulted in transient cardiogenic shock. Twenty-eight-day
mortality was 0% in this case series. In conclusion, takotsubo cardiomyopathy may be yet another clinical entity associated with
SARS-CoV-2 infection.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the virus causing the ongoing coronavirus disease
2019 (COVID-19) pandemic, is continuing to baffle virolo-
gists and clinicians all over the world with a broad spectrum of
manifestations in several different organ systems outside the
respiratory tract.

In a case-based review [1], the definition of COVID-19 as a
multiorgan disease has been proposed, and viral affection of
the cardiovascular system, the kidney, the liver, the nervous
system, and, possibly, the reproductive system are described
in this report.

Among the various complications of SARS-CoV-2 infec-
tion, cardiac injury is a particularly important and frequent
clinical entity. In a Chinese cohort, up to 19.7% displayed
cardiac involvement, which was an independent risk factor
for in-hospital mortality [2].

In a study using more sophisticated methods such as cardi-
ac magnetic resonance imaging, cardiac affection was diag-
nosed in a stunning 78% of patients who had recently recov-
ered from COVID-19 [3].

Worryingly, myocarditis associated with SARS-CoV-2 has
even been documented in young and healthy adults who had
reported mild or no COVID-19 symptoms, potentially putting
them at risk of arrhythmia and sudden cardiac death [4].

Arcari et al. [5] found a significant association between
elevated cardiac biomarkers (troponin and natriuretic pep-
tides) and indices of COVID-19 pneumonia severity.
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The pathomechanism for heart involvement in a disease
due to a virus which had been believed to be a classic “respi-
ratory” pathogen is incompletely understood. Several hypoth-
eses have been proposed, such as the profound hypoxemia
inducing myocardial ischemia [6], the cytokine storm associ-
ated with severe COVID-19 [7], an endothelialitis caused by
SARS-CoV-2 not sparing the coronary arteries [8], and direct
virus infection of pericytes as the cardiac target cells express-
ing a high density of ACE 2, the critical host cell receptor for
SARS-CoV-2 [9].

Stress cardiomyopathy, or takotsubo cardiomyopathy (TT
cardiomyopathy), may be an underreported complication of
COVID-19.

TT cardiomyopathy is defined as an acute and reversible
left ventricular systolic (and associated diastolic) dysfunction
usually related to an emotionally or physically stressful event
[10]. Moreover, the presence of left ventricular wall motion
abnormalities is characteristically not limited to the supply
area of a single coronary artery.

This report presents the clinical, echocardiographic, elec-
trocardiographic, laboratory, and angiographic features of
three COVID-19 patients with an additional diagnosis of
stress cardiomyopathy.

Since the admission of the first patient with confirmed
SARS-CoV-2 infection and adult respiratory distress syn-
drome to the intensive care unit at the end of February 2020
[11], our department of infectious diseases and tropical med-
icine has been serving as the primary treatment center for
COVID-19 patients in Vienna, Austria.

Three COVID-19 patients with a diagnosis of takotsubo
cardiomyopathy were identified between August and
September 2020. Experienced cardiologists performed coro-
nary angiography (CAG) to rule out coronary artery disease
(CAD) or to diagnose bystander CAD in addition to TT
cardiomyopathy.

We retrospectively analyzed the patients’ clinical records.
Patient characteristics regarding clinical, echocardiograph-

ic, electrocardiographic, and angiographic hallmarks are pre-
sented in a descriptive manner; no statistical analysis was
undertaken.

Case Presentations

Patient characteristics are summarized in Table 1.
All patients were female and had PCR-confirmed diagnosis

of COVID-19.
Patient 1 was a 67-year-old woman who had presented to

the emergency department with chest pain. An acute coronary
syndrome was suspected and the patient was put on dual an-
tiplatelet therapy (DAPT). However, coronary angiography
(CAG) showed normal coronary arteries and a normally sized
left ventricle with preserved ejection fraction (65%) with

severe hypo- to akinesia in parts of the apical and the
inferoapical wall with hypercontractility of the basal segments
of the heart.

Therefore, the diagnosis of TT cardiomyopathy was
established and DAPT was stopped.

Her initial electrocardiogram (ECG) had shown complete
right bundle branch block (QRS 160 ms) with T wave inver-
sions in leads I, aVL, and V3-V6. Three days later, the QRS
complex was normal again but T wave inversions were more
pronounced.

A marked rise in troponin levels (maximum 314.6 ng/L,
reference 0–58.9) with levels of creatine kinase was noted, but
troponin consecutively fell to 26 ng/L before discharge.

When the routine nasopharyngeal swab yielded a positive
PCR result for SARS-CoV-2, the patient was transferred to
our department for isolation purposes and for further
management.

Transthoracic echocardiography 2 days after CAG showed
a normal left ventricular function with mild apical akinesia
and mild to moderate mitral insufficiency.

As far as COVID-19 symptoms were concerned, she
remained asymptomatic during her entire stay at hospital and
her chest X-ray was unremarkable.

The patient developed no complications and was
discharged home in a very good general condition 14 days
after CAG.

Follow-up echocardiography as an outpatient about a
month after discharge showed normal left ventricular function
without any regional differences and normal heart valves.

Patient 2 was a 60-year-old patient admitted to our depart-
ment because of dyspnea due to confirmed COVID-19. She
was severely compromised regarding respiration, as she suf-
fered from high-grade COPD and was still an active smoker
with a history of 150 pack years, but responded well to exten-
sive bronchospasmolytic therapy and did not require respira-
tory support apart from oxygen insufflation.

As the ECG routinely performed at admission was remark-
able for ST-elevations and negative T waves in leads V4 and
V5 and isolated negative T waves in leads II, III, aVF, and V6
(the patient later developed persistent T wave inversions in II,
III, aVF, and V2 to V6), she received dual antiplatelet
therapy with aspirin and clopidogrel plus heparin and
was transferred to our intensive care unit for monitor-
ing. Additionally, the laboratory workup showed marked
elevations of troponin (maximum 333 ng/L), Creatine
Kinase (maximum 532 U/L), and NT-pro-BNP (maxi-
mum 7275 ng/L).

Echocardiography demonstrated moderately reduced sys-
tolic function and apical, anterior, and posterolateral akinesia.

CAG finally revealed severe three-vessel coronary ar-
tery disease (CAD), but also TT cardiomyopathy with
classic apical ballooning and hyperkinesia of the basal seg-
ments (Figs. 1 and 2).
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After transfer to the cardiology ward when she was no
longer infectious, a follow-up echocardiography proved
marked improvement in systolic function (ejection fraction
68%).

Henceforth, a second CAG was performed 2 weeks after
the first one and drug-eluting stents were successfully im-
planted into the left anterior descending and the circumflex
arteries; in a third intervention 5 days later, the right coronary
artery was successfully stented.

The diagnosis of TT cardiomyopathy in patient 3 was made
while she was already on mechanical ventilation in the inten-
sive care unit because of COVID-19 pneumonia.

As antiviral therapy, she had received remdesivir [12, 13],
and dexamethasone for immunomodulation.

Eight days after intubation, the patient suddenly developed
bradycardia and asystole and was successfully resuscitated
mechanically and chemically (return of spontaneous circula-
tion after 2 min).

The ECG after resuscitationwas noteworthy for hyperacute
T waves, which were later replaced by deep Twave inversions
in V3 to V6.

Consecutively, troponin levels rose to a maximum of
130 ng/L, and NT-pro-BNP to 7867 ng/L.

TTE in patient 3 detected severe apical akinesia with hy-
perkinesia of the basal segments and a minimum ejection frac-
tion (EF) of 20% after it had been only moderately reduced
2 days earlier.

The patient temporarily required hemodynamic support
with up to 0.34 gamma norepinephrine. She received a course
of intravenous levosimendan, after which left ventricular func-
tion continually improved.

Six days after cardiopulmonary resuscitation, CAG was
performed and showed only bystander coronary artery disease

(non-significant wall irregularities in the mid-left anterior de-
scending and in the right coronary artery). Therefore, the pa-
tient was put on aspirin monotherapy.

Furthermore, as far as her respiratory situation was con-
cerned, after a tracheostomy, she could be successfully
weaned from the ventilator. Following two negative SARS-
CoV-2 PCR results, she was no longer considered infectious
and could be transferred to a non-COVID ward on 2 L per
minute of oxygen insufflation via a nasal cannula.

A follow-up TTE about 2 weeks after the episode of
asystole showed a normal global systolic left ventricular
function.

Due to limited resources and in order to minimize infection
risk for staff, magnetic resonance imaging to confirm the di-
agnosis of TT cardiomyopathy and to rule out concomitant
myocarditis was not performed in any of the three patients
described.

Conclusions

Contrary to a case series from the USA [14], and in accor-
dance with the predominance of the female sex in takotsubo
cardiomyopathy, all three patients in our case series were
women in the typical age for manifestation (mean, 67 years).
This stands in stark contrast to the fact that severe COVID-19
occurs more frequently in men than in women [15].

However, as has been pointed out in an article by
Bentivegna et al., patients may of course recover from
COVID-19 despite an extremely unfavorable prognosis [16].

A variety of potential triggers for stress cardiomyopathy
have been identified, among which emotional stress plays

Fig. 1 Classical takotsubo with apical ballooning in patient 2. Left
ventriculography in the right anterior oblique protection during systole

Fig. 2 Classical takotsubo with apical ballooning in patient 2. Left
ventriculography in the right anterior oblique protection during diastole
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the most prominent role [10], explaining the synonym of “bro-
ken heart syndrome.”

The anxieties, worries, and tensions due to the pandemic
itself and the associated economic and personal consequences
seem to produce a rising incidence in TT cardiomyopathy. This
was demonstrated in a retrospective analysis of acute coronary
syndromes in five different groups based on the date of their
clinical presentation at two Cleveland hospitals with primary
cardiac catheterization and intervention capability [17].

The exact mechanisms causing stress cardiomyopathy re-
main elusive. A number of theories have been suggested, such
as a hyperadrenergic state causing a form of myocardial stun-
ning, which is most prominent in the apical sections of the
heart due to higher beta-adrenoreceptor density [18].

Alternatively, at least in some patients, a sort of serotonin
syndrome causing general stress in patients may be partly
responsible for takotsubo cardiomyopathy [19, 20].

In our patients, no serotonin syndrome was diagnosed and
other triggers for stress cardiomyopathy were more plausible:
in patient 1, it may have been the anxieties associated with the
COVID-19 pandemic itself or a tooth extraction 5 days earlier;
patient 2 suffered from severe shortness of breath because of
high-grade chronic obstructive lung disease exacerbated by
COVID-19; and patient 3 was mechanically ventilated in the
intensive care unit due to extensive COVID-19 pneumonia.

While takotsubo cardiomyopathy seems to be associated
with a lower cardiovascular risk profile than in CAD, which
is consistent with our case series, its prognosis is almost as
serious as CAD [21].

Indeed, in a large multicenter study, TT cardiomyopathy
led to cardiac failure in a substantially higher proportion of
patients than an acute coronary syndrome [22].

Contrary to this fact, the prognosis in our small case series
was favorable, with the 28-day mortality at 0%.

The major limitation of this case series is, obviously, the
small sample size.

Moreover, whether the patients described here developed
TT cardiomyopathy as a direct complication of COVID-19 or
due to the stress of the pandemic or of their hospitalization is a
matter of speculation at this point.

Strengths of this study include the extensive clinical and
laboratory follow-up. In contrast to other reports, all three
patients underwent coronary angiography, which is the gold
standard to rule out an acute coronary syndrome as the major
differential diagnosis for takotsubo cardiomyopathy.

Coronary angiography should not be withheld for COVID-
19 patients if clinically indicated.

In conclusion, this report is intended to raise awareness in
both infectious diseases and cardiology specialists for stress
cardiomyopathy as a complication in COVID-19. The impor-
tance of treating patients infected with SARS-CoV-2 with the
same clinical standard as non-infectious patients should be
emphasized.
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