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Patients with coronavirus disease 2019 (COVID-19) can 
present with a large panel of cardiac manifestations, 
including myocardial infarction with (type 1) or with-
out (type 2) obstructive coronary artery disease, arte-
rial or venous thromboembolic disease, pericarditis and 
myocarditis, arrhythmias, acute heart failure, shock or 
cardiac arrest [1]. The most frequent cardiac abnormal-
ity reported in COVID-19 is acute cardiac injury (ACI), 
defined by cardiac troponin elevation > 99th percentile 
[2]. ACI occurred in as many as 50% and 21% of critically 
ill and hospitalized COVID-19 patients, respectively, 
rates which were higher than in severe diseases caused 
by other respiratory viruses [3]. COVID-19 patients with 
ACI were older (median age 70  years), had increased 
markers of systemic inflammation, more frequent malig-
nant arrhythmias, shock and need for intensive care 
unit (ICU) care and higher mortality rates [4], with 
myocardial injury being the second cause of death after 
respiratory failure [5]. Furthermore, compared to a pre-
COVID-19 population, COVID-19 patients with type 1 
myocardial infarction had prolonged symptom-to-admis-
sion times, more frequent cardiogenic shock and higher 
mortality [6]. It should also be emphasized that COVID-
19 patients had frequent cardiovascular comorbidities 
such as hypertension, obesity, metabolic syndrome and 
pre-existing coronary artery disease that may have pre-
cipitated cardiac complications [1, 3–5].

The pathogenic mechanisms underlying cardiac injury 
in COVID-19 are many (Fig.  1). First, myocardial oxy-
gen supply–demand imbalance in the context of severe 
hypoxemia, hypoperfusion and shock and stress-induced 
cardiomyopathy may lead to ACI characterized by 

elevated troponins and heart dysfunction. Second, both 
the acute respiratory distress syndrome (ARDS) with 
reduced lung compliance and pulmonary vascular dys-
function and positive pressure mechanical ventilation are 
associated with increased right ventricle afterload and 
a higher incidence of right ventricular dysfunction and 
acute cor pulmonale [7]. Mechanisms of pulmonary vas-
cular dysfunction in ARDS include non-specific systemic 
inflammation, endothelial dysfunction and coagulation 
activation, but also vasoconstriction due to hypoxemia 
and inflammation, extrinsic compression of vessels, and 
fibroproliferation due to pulmonary vascular remodeling 
[7]. Third, specific SARS-CoV-2 interactions with heart 
cells may also cause cardiac dysfunction. After binding 
to angiotensin converting enzyme-2 (ACE-2) receptors, 
the virus elicits a strong activation of the innate immune 
system, resulting in an intense systemic inflammatory 
response with release of proinflammatory cytokines. This 
“cytokine storm” leads to a diffuse endotheliitis and sub-
sequent procoagulant activity. SARS-CoV-2 is responsible 
for an excessive local and systemic coagulation activation 
with platelet activation and dysregulated immunothrom-
bosis explaining how patients suffering from COVID-19 
might develop in  situ pulmonary microthrombi [8], but 
also pulmonary occlusions (embolisms) in up to 30% of 
the most severe patients [9]. Myocardial injury can also 
result from direct viral lesion of endothelial and/or myo-
cardial cells, although SARS-CoV-2 detection is rare in 
these cells [8]. Various viral entry receptors, including 
ACE-2 transmembrane protein, have been found in car-
diomyocytes, endothelial cells, smooth muscle cells, and 
fibroblasts, suggesting that the virus might, directly or 
indirectly, account for cardiac cytopathic effects, even 
in individuals with apparently healthy hearts [3]. These 
cytopathic effects may worsen the inflammation-induced 
endothelial dysfunction and pro-thrombotic phenotype 
and be responsible for micro-thrombosis in myocardial 
tissues. Concomitantly, loss of ACE-2 and hyper-activa-
tion of the renin–angiotensin–aldosterone system may 
contribute to endothelial dysfunction and multiple organ 
injury, including cardiac failure [10].
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Acute myocarditis has been reported in COVID-19 
patients with elevated cardiac troponin, abnormalities 
on echocardiography (most often altered left ventricular 
function) and/or electrocardiogram with variable find-
ings, although only few cases were confirmed by endo-
myocardial biopsy and/or cardiac magnetic resonance 
[10]. Cardiac histopathological findings in deceased 
COVID-19 patients mainly combined inflammatory and 
prothrombotic features, congestive cardiomyopathy, 
and injuries due to prior conditions, like atherosclerotic 
coronary artery disease, chronic ischemic cardiomyopa-
thy, myocardial hypertrophy, but only few cases reported 
focal lymphocytic myocarditis [8]. It should also be men-
tioned that myocarditis/pericarditis are a rare compli-
cation of COVID-19 mRNA vaccinations, especially in 
young adult and adolescent males, with rates of approx-
imately 12.6 cases per million doses of second dose 
mRNA vaccine among 12–39-year-olds [11].

Supraventricular and ventricular arrhythmias and con-
duction disorders are commonly reported in COVID-19 
[2]. In a recent worldwide survey assessing 4526 patients, 
827 developed arrhythmias (70% atrial, 20% ventricular 
arrhythmias), which were associated with higher mor-
bidity and mortality. Coexisting hypoxia, electrolyte 
disorders, comorbid conditions and administration of 

arrhythmogenic medications (e.g., hydroxychloroquine, 
azithromycin) make it difficult to ascertain the direct and 
indirect contribution of COVID-19 on cardiac arrhyth-
mias. Data from the national Swedish Registry for Cardio-
pulmonary Resuscitation also showed that COVID-19 was 
involved in at least 10% and 16% of all out-of-hospital and 
in-hospital cardiac arrest, respectively, and associated with 
a significant increase in 30-day mortality [12, 13]. Stress on 
healthcare systems and delay in seeking medical help, per-
haps driven by fear of nosocomial COVID-19 or reduced 
accessibility to medical care, may have been partly respon-
sible for the higher rates of cardiac complications and car-
diac arrest, especially during the first wave of the pandemic.

Cardiac dysfunction has been reported as a complica-
tion of the multisystem inflammatory syndrome in children 
(MIS-C) and young adults, which is a rare complication 
occurring 2–6  weeks after SARS-CoV-2 infection [14]. It 
is characterized by fever, nonspecific symptoms such as 
abdominal pain, vomiting, headache, fatigue and intense 
inflammation with elevated levels of C-reactive protein, fer-
ritin, troponin, and N-terminal pro–B-type natriuretic pep-
tide. Patients may also have conjunctival injection and rash 
resembling Kawasaki’s disease. In the most severe forms, 
cardiac failure, shock and multiorgan dysfunction may occur, 
requiring inotropic and vasoactive drugs and sometime 

Fig. 1  Overview of myocardial injury mechanisms in critically ill COVID-19 patients
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temporary mechanical circulatory support. Treatment of 
this post-viral multisystem inflammatory syndrome associ-
ates intravenous immune globulin (IVIG) and glucocorti-
coids and the evolution is usually favorable.

Lastly, the sustained inflammatory response in 
COVID-19 might lead to upregulation of genes encoding 
inflammatory cytokines and extracellular matrix com-
ponents involved in cardiac fibrosis, contributing to car-
diac failure in post-acute evolution of the infection [10]. 
Indeed, it was observed that 6 months after COVID-19, 
diastolic without systolic ventricular dysfunction existed 
only in patients who had experienced myocardial injury 
during the acute phase of the disease [15].

While myocardial injury in COVID-19 may have vari-
ous clinical presentations, it is overall associated with 
high rates of complications and mortality and possible 
long-term cardiac impairments in survivors. Both patho-
physiological mechanisms and long-term evolution of 
survivors still deserve further investigations.
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