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RESUMO
Introdução: As complicações cardiovasculares associadas a infeção por COVID-19 têm sido frequentemente reportadas.
Métodos: Revisão da literatura sobre os artigos relevantes neste tópico. Os fatores de risco cardiovasculares clássicos como idade, 
obesidade, diabetes e hipertensão foram associados a um risco maior de evolução desfavorável. As complicações cardiovasculares 
podem ter uma apresentação clínica variável incluindo lesão miocárdica, síndrome coronário agudo, trombo-embolismo, arritmias e 
insuficiência cardíaca. Estão descritos múltiplos mecanismos de lesão cardíaca os quais não são mutualmente exclusivos. A aborda-
gem diagnóstica e terapêutica deve seguir a prática comum tendo, no entanto, em consideração as particularidades da infeção por 
COVID-19. 
Conclusão: A interação entre a infeção por COVID-19 e o coração é complexa e manifesta-se de várias formas. Independentemente 
da apresentação clínica, as complicações cardíacas conferem um prognostico desfavorável pelo que devem ser monitorizadas ativa-
mente e tratadas de forma apropriada. 
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ABSTRACT
Introduction: Reports of cardiovascular complications related to the COVID-19 infection have been frequent. 
Methods: Narrative review for relevant articles on the topic. The classic cardiovascular risk factors, like age, obesity, diabetes, and 
hypertension are associated with adverse outcomes in COVID-19 patients. Cardiovascular complications can have a diverse clinical 
presentation including silent myocardial injury, acute coronary syndromes, thromboembolism, cardiac arrhythmias, and heart failure. 
There are multiple mechanisms of cardiac injury that are not mutually exclusive. The approach to diagnosis and management should 
be carried out according to usual practice, while considering the particularities of COVID-19 infection. 
Conclusion: The interaction between SARS-CoV-2 and the heart is complex and is manifested in multiple ways. Regardless of the 
clinical presentation, cardiac complications convey a worse prognosis. Patients should be actively monitored and treated accordingly.
Keywords: Arrhythmia; COVID-19; Heart Failure; Myocardial Infarction; Pulmonary Embolism; SARS-CoV-2

INTRODUCTION
	 As of the 1st of March of 2021, almost one year after 
the World Health Organization declared the COVID-19 viral 
infection as a pandemic, there were more than 113 million 
cases reported worldwide. The current global case fatality 
rate is 2.2%.1,2 Cardiovascular disease and risk factors like 
obesity, diabetes and hypertension are associated with an 
increased risk of adverse outcomes from COVID-19 infec-
tion.3 In a recent meta-analysis, the intensive care unit ad-
mission rate was 10.9%.4 The typical presentation of severe 
COVID-19 infection is viral pneumonia. However, the clini-
cal picture varies widely, from asymptomatic or mild flu-like 
symptoms to acute respiratory distress syndrome (ARDS) 
and multisystemic complications. Cardiovascular complica-
tions of COVID-19 infection are being reported more fre-
quently and range from silent myocardial injury to acute 
coronary syndromes, thromboembolic events, arrhythmia, 
and cardiogenic shock.
	 The purpose of this clinical review is to merge current 
data on the most common cardiovascular complications as-

sociated to COVID-19 infection and their underlying mecha-
nisms. Bearing in mind the evolving nature of this topic, and 
the present knowledge gaps, we aim to provide a clinical 
update of the most recent evidence. 

METHODS 
	 A narrative review using PubMed was conducted us-
ing the keywords ‘COVID-19’ or ‘SARS-CoV-2’ along with 
‘cardiovascular’, ‘cardiac’, ‘arrhythmia’, ‘myocardial injury’, 
‘myocardial infarction’, ‘pulmonary embolism’, ‘out-of-hos-
pital-cardiac-arrest’ and ‘heart failure’. Prospective and ret-
rospective studies, reviews, meta-analysis, clinical guide-
lines, guidance documents and case reports, were includ-
ed. Relevant articles published in English were screened 
and included only after critical review.

Risk factors for severe COVID-19 infection
	 Classic cardiovascular risk factors, namely, hyperten-
sion, diabetes and obesity, are frequent comorbidities in 
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COVID-19 patients and convey an increased risk for ad-
verse outcomes.5-9 The prevalence of hypertension ranged 
from 15% - 17% in the Chinese population,5,6 to 56% in the 
New York study.9 Diabetes was present in 7% and 17%, re-
spectively. Previous cardiovascular disease was reported in 
14% to 35% of patients,9,10 with one study specifically re-
porting that coronary artery disease was present in 2.5% of 
the overall population and 9% of the critically ill patients.5 
	 The presence of these comorbidities confers an in-
creased risk of developing severe forms of COVID-19 infec-
tion: the New York study highlighted obesity as a significant 
risk factor for mechanical ventilation.9 A meta-analysis found 
that cardio or cerebrovascular disease increased the risk of 
developing severe manifestations of COVID-19 three-fold.6 
In a nationwide Danish study, risk factors for death included 
age [odds ratio (OR) 15 (95% CI 7.6 - 24) for 70 - 79 years, 
when compared with the 50 - 59 years age group], male 
sex, comorbidities and chronic diseases.8 Likewise, the 
presence of ischemic heart disease and heart failure (HF) 
increased the risk of hospitalization (OR 1.4, 95% CI 1.2 – 
1.7) and 2.2 95% CI 1.7 - 2.9, respectively). 

Pathophysiological mechanisms
	 There is consensus that endothelial dysfunction is the 
final and most relevant pathological lesion caused by COV-
ID-19 infection.11-14 The SARS-CoV-2 virus enters host cells 
via angiotensin conversion enzyme 2 (ACE 2) receptors on 
the cellular membrane, which is abundant in the lungs, heart 
and vessels. The SARS-CoV-2 virus triggers a generalized 
inflammatory response, via dysregulation of multiple path-
ways that coordinate host defence systems and homeosta-
sis. In severe cases, patients can develop a feedback loop 
that perpetuates inflammation and aggravates endothelial 
damage.11 
	 Mechanisms of cardiac injury include cytokine-mediated 
immune activation, direct cardiotoxicity, micro and macro-
vascular dysfunction, and hypercoagulability. The risk of 
myocardial injury is significant and multifactorial, either by 
destabilization of coronary plaques, vasospasm, thrombo-
embolic events, hypoxic lesion leading to type 2 myocardial 
infarction (MI), catecholamines-induced cardiomyopathy or 
myocarditis.12-14 
	 From a hemodynamic standpoint, COVID-19 infection 
causes multiple pressure and volume changes that direct-
ly affect the heart. Severe pulmonary infection increases 
pulmonary pressures and therefore right ventricle (RV) 
afterload. Positive pressure ventilation also increases RV 
afterload and decreases venous return (RV preload). The 
RV responds by increasing contractility and dilating to in-
crease its end-diastolic volume and thus its stroke volume 
(Frank-Starling law). However, it fares poorly with acute 
increases in pressure and these mechanisms can quickly 
fail. The systemic cardiac output can be compromised both 
by decreased left ventricle (LV) preload (due to decreased 
venous return, RV failure and paradoxical septal movement 
that reduces LV filling in diastole) and impaired LV contrac-
tility caused by hypoxia, inflammation, or other ‘direct’ car-

diac injuries, like coronary occlusion, spasm or myocarditis. 
	 Severe inflammation can also occur, causing vasople-
gia, and manifesting with hypotension. On a physiological 
level, decreased systemic vascular resistance, combined 
with changes in capillary permeability, lead to fluid leaks to 
the extravascular compartment and cause reduction in ve-
nous return, as well as edema.
	 Low cardiac output combined with hypotension can 
cause impairment in end-organ perfusion, which is required 
to define shock. In the kidneys, low perfusion will activate 
the renin-angiotensin-aldosterone system (RAAS). The fail-
ing heart cannot cope with the extra fluid retention and in-
creased end-diastolic pressures induced by the RAAS and 
enters a deleterious loop that potentiates shock develop-
ment. 
	 In patients with severe pulmonary infection and ARDS, 
endothelial dysfunction leads to inflammatory lung edema, 
reduced lung compliance and ventilation/perfusion mis-
match. If there is associated HF, the increase in end-dia-
stolic pressure will be transmitted to the lung causing tran-
sudative edema. The ‘cardiogenic’ edema in a patient with 
severe lung injury compromises even further gas exchange 
and lung compliance. 

Cardiac complications of COVID-19 infection 
	 Myocardial injury 
	 Myocardial injury in infected patients can occur by the 
multiple mechanisms mentioned earlier. It is expressed 
quantitatively by the release of troponin. Troponin eleva-
tion occurs in 17% to 22% of hospitalized patients with 
COVID-19 infection.15,16 Myocardial injury is not a clinical 
diagnosis in itself, but troponin elevation is related to ad-
verse prognosis in early observational studies.10,16 A subse-
quent study using Cox regression found an increased risk of 
death in patients with cardiac injury [HR 4.2 (95% CI, 1.92 
- 9.49)].15 A review suggests monitoring troponin at baseline 
for all patients, and then every 48 hours in intermediate-
high risk patients. While this might help risk stratification 
and provide clues to a potential cardiac complication, the 
document also emphasizes the need for good clinical judg-
ment when interpreting the results.17 

	 Myocarditis 
	 The diagnosis of myocarditis involves well defined cri-
teria from four different aspects: symptoms, EKG, tropo-
nin elevation and imaging [echocardiography and cardiac 
magnetic resonance (CMR)].18 Coronary disease should be 
discarded in all patients with suspected myocarditis. Endo-
myocardial biopsy is a class I indication in persisting severe 
HF and fulminant myocarditis. 
	 In COVID-19 patients, myocarditis can be challenging 
to diagnose due to overlapping symptoms (dyspnoea and 
chest pain from either cardiac or pulmonary origin) and diffi-
culties in obtaining CMR, which is of paramount importance 
to confirm the diagnosis. 
	 Considering the pathophysiology of the COVID-19 in-
fection, especially in critically ill patients, it is likely that 
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myocarditis is more prevalent than reported. The underly-
ing specific mechanisms of COVID-19 myocarditis are not 
clearly defined, although they are thought to be mediated 
by activated T-cells and macrophages that infiltrate the 
myocardium.12,13 The cytokine storm phase of COVID-19 in-
fection further increases the risk of severe cardiac damage 
and arrhythmias. Furthermore, a high viral load has been 
associated with fulminant myocarditis in these patients.19 A 
meta-summary of cases found 12 examples of CMR or bi-
opsy proven COVID-19 myocarditis in the literature.20 The 
most common symptoms were fever, dyspnoea and chest 
pain. EKG changes included T-wave changes and ventricu-
lar tachycardia. LV dysfunction was also frequent. Severe 
myocarditis was associated with cytokine storm. Patients 
were treated with drugs for HF, as well as a variety of im-
munosuppressants, glucocorticoids and IV immunoglobu-
lins.21,22 However, none of these treatments has been tested 
in specific trials. 
	 The timing of presentation is currently uncertain, with 
reports of symptoms weeks after the COVID-19 infection.23 
Furthermore, histological evidence of COVID-19 inside the 
cardiomyocyte is unavailable, although one report found vi-
ral particles outside the cardiomyocytes.24 

	 Acute coronary syndrome 
	 Acute coronary syndrome (ACS) may be the initial pre-
sentation of COVID-19 or may complicate the course of an 
infected patient. Data is scarce about the incidence of ACS 
prompted by COVID-19 infection. 
	 Importantly, the general ACS admission rate (non-COV-
ID related) during the first wave of the pandemic, decreased 
up to 54% according to an international report.25 Likewise, 
a reduction in coronary angiography and other diagnostic 
tests was noted.26 Possible reasons for this include late 
admissions of patients due to fear of coming to the hospi-
tal and overwhelmed healthcare systems with decreased 
capacity to provide care. A 30 minute increase in door-to-
guidewire time was also found in one study.27 Difficulties in 
defining circuits for COVID-19 patients and managing the 
additional time needed for personnel and catheterization 
laboratory preparation contribute to the delays. The de-
crease in procedures was more substantial in low to mid-
dle income countries.26 Adverse outcomes like in-hospital 
death, cardiogenic shock, ventricular arrhythmias and need 
for mechanical support were also more common during the 
first wave.27

	 Clinical presentation of suspected ACS in COVID-19 
patients may range from ST-elevation MI to MI with non-
obstructive coronary arteries (known as MINOCA, which 
is a working diagnosis for multiple possible causes from 
myocarditis to coronary dissection) and type 2 MI (which is 
typically caused by a mismatch between oxygen supply and 
demand, and not related to an acute coronary plaque event 
like ACS). As for angiographic findings, several studies 
found a higher prevalence of nonobstructive disease from 
33% to 40% in those who underwent cardiac catheterization 
for suspected ST-elevation MI.28,29 

	 In patients with unclear diagnosis, close clinical monitor-
ing and serial EKG and troponin measurements should be 
performed. EKG changes over time, the pattern of rise in 
cardiac biomarkers as well as segmental wall changes in 
echocardiography are critical to define the best course of 
action. 
	 Management of ACS should follow the appropriate 
guidelines for ST-elevation and non-ST elevation coronary 
syndromes. The European Society of Cardiology (ESC) 
has developed a guidance document with useful practical 
considerations in the specific context of the COVID-19 pan-
demic.14 For ST-elevation MI, all efforts must be employed 
to achieve primary percutaneous coronary intervention 
(PCI) as soon as possible. Fibrinolysis is reserved for eli-
gible patient who cannot timely reach a PCI centre. For non-
ST elevation MI patients with intermediate risk (diabetes, 
renal insufficiency, early post-infarction angina or previous 
PCI or coronary bypass) the ESC guidance document sug-
gests considering non-invasive testing, depending on avail-
ability and expertise. 
	
	 Heart failure 
	 Data on acute HF prevalence in COVID-19 patients is 
limited. Zhou et al found that 23% of hospitalized patients 
developed symptoms of HF and was associated with poorer 
prognosis.16 
	 As for ACS, a striking decrease in the admission rate for 
HF during the first wave was noticed.30,31 This raises con-
cerns for patient safety and potential adverse outcomes. 
However, the specific consequences and impact in HF pa-
tients are not yet reported. Telemedicine programs have 
been suggested as an effective tool to help mitigate this is-
sue.32 
	 The underlying causes for acute HF in the COVID-19 
patient are numerous and not mutually exclusive. These 
include ARDS, hypoxic lesions, hypervolemia, cardiorenal 
syndromes and pulmonary embolism, but also specific car-
diac complications, such as MI, myocarditis, stress-induced 
cardiomyopathy and arrhythmias.14,33,34 Furthermore, any of 
these mechanisms can result in an acute decompensation 
of a chronic HF patient. 
	 Defining hemodynamic profiles is more important for 
the management of the COVID-19 critical patient than phe-
notypical HF classifications (reduced or preserved ejection 
fraction). Integrating clinical assessment with laboratory 
values, EKG and echocardiographic findings is key, both 
to identify reversible causes that require specific treatment 
(like ACS or arrhythmia) and to define the best therapeu-
tic strategy.34 Meticulous assessment of volume status 
and perfusion should be done using multiple parameters: 
clinical (peripheral perfusion, edema, pulmonary conges-
tion, urinary output, central venous pressure), laboratory 
(cardiac biomarkers, central venous O2 saturation, lac-
tate, markers of liver and renal dysfunction) and imaging 
(mainly cardiac and pulmonary ultrasound). Hypervolemia 
is best managed with diuretics (while also avoiding hypo-
volemia, especially in vasoplegic states and in RV failure). 
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If cardiogenic shock ensues, starting inotropes with pulmo-
nary vasodilatory properties may be useful. In low blood 
pressure states, especially with compromised renal perfu-
sion and congested venous system, vasopressors are often 
necessary. HF drugs should be carefully considered in each 
case. Measurement of NT-proBNP is useful and has prog-
nostic value.35

	 Of note, despite initial controversies with the use of 
ACE-inhibitors, several large cohort studies,36,37 and a ran-
domized trial38 have found no association between ACE in-
hibitors and adverse outcomes.

	 Stress cardiomyopathy 
	 Stress cardiomyopathy (stress CMP) or Takotsubo syn-
drome has rarely been reported as a complication of CO-
VID-19 infection. In a case series,39 16 reports were found in 
the literature. Both genders were equally affected and mean 
age was 57 years. Most patients had reduced LV ejection 
fraction and three patients died. These characteristics differ 
from non-COVID-19 related stress CMP that typically affect 
postmenopausal women and rarely causes death. Interest-
ingly, some studies have reported also an increase in stress 
CMP in non-infected patients. A Cleveland clinic study of 
patients with suspected ACS and a negative test for CO-
VID-19, found a 4.58-fold increase in stress CMP compared 
to the pre-pandemic period.40 
	 Stress CMP is characterized by reversible ventricular 
dysfunction, and the most typical pattern is ‘apical balloon-
ing’ with akinesia of all distal segments of the LV walls. It is 
usually caused by an emotional or physical trigger. Evalu-
ation of coronary disease is mandatory in all patients, by 
coronary angiography or computed tomography (CT).41 Ac-
cepted pathological mechanisms for stress CMP include 
high circulating catecholamine levels, exaggerated inflam-
matory response and direct cytotoxicity.39,41 
	 Treatment depends on the severity of presentation and 
is mainly supportive. In cardiogenic shock, non-aminergic 
inotropic drugs may be a good option. However, in some 
cases, patients can develop an obstruction of the LV outflow 
tract due to hypercontractility of the basal portions. In this 
scenario, the use of inotropes may be counterproductive.42 

	 Pericarditis and pericardial effusion
	 Isolated pericarditis has been infrequently reported in 
relation with COVID-19 infection. However, pericardial ef-
fusion accompanying myocarditis has been reported in up 
to 50% of cases.20 In the available case reports for isolated 
pericarditis, the first clue to the diagnosis was the typical 
chest pain.43,44 Evolution was usually benign. Regarding 
treatment, experts recommend maintaining colchicine, 
while reserving ibuprofen for worsening pain. For fever 
and other systemic symptoms, paracetamol is preferred. 
Furthermore, corticosteroids and anakinra (a recombinant 
modified version of the interleukin one receptor antagonist 
protein) can be considered to treat both situations.45

	 Cardiac arrhythmias
	 Cardiac arrhythmias have been described in 17% of the 
hospitalized cases and in almost 50% of patients in the in-
tensive care units.46 Cardiac arrhythmias probably contrib-
ute to a higher risk of adverse outcomes, with an increased 
risk of in-hospital death, and varies from bradyarrhythmia 
(less common), to sinus tachycardia and atrial arrhythmias 
(the most  frequently reported), like atrial fibrillation (AF) 
and atrial flutter, and ventricular dysrhythmias, including 
cardiac arrest.47 In infected hospitalized patients, continu-
ous EKG monitoring and accurate and prompt recognition 
of arrhythmias are important. 
	 AF is one of the common chronic comorbidities found 
in patient deaths due to COVID-19.48 In a large propensity 
score matched study of COVID-19 patients aged over 50 
years of age, AF significantly increased short-term mortality 
and thromboembolic events.49 
	 Risk factors for the development of cardiac arrhythmias 
are: 1. Respiratory failure, 2. myocardial ischemia or myo-
carditis, 3. cardiogenic shock, 4. sepsis or systemic inflam-
mation, 5. hyperactivity of sympathetic nervous system, 6. 
hypercoagulability status, 7. electrolyte disturbances, 8. 
Therefore, the incidence of cardiac arrest and cardiac ar-
rhythmias in patients with COVID-19 are likely the conse-
quence of systemic illness and not solely the direct effect 
of the viral infection. In a study assessing the QT interval in 
COVID-19 patients, the hydroxychloroquine-azithromycin 
combination regimen was not associated with arrhythmic 
fatalities and none of the deceased had a QTc over 500 
ms.50 In an early report from Guo et al, among 187 patients 
with COVID-19 from a Chinese cohort, 5.9% had ventricular 
tachyarrhythmias while hospitalized.10 
	
	 Out-of-hospital cardiac arrest 
	 Since the onset of the COVID-19 pandemic an increase 
in the incidence of out-of-hospital-cardiac-arrest (OHCA)  
has been consistently reported worldwide.51-54 In an Italian 
study, COVID-19 diagnosis accounted for around 80% of 
these events.51 This rise in OHCA is presumably due to a 
combination of acute respiratory failure and pulmonary em-
bolism associated with COVID-19, and arrhythmic sudden 
death due to myocardial injury and QT interval prolonga-
tion (infection-related or caused by administration of drugs 
to treat the infection). OHCA has been accompanied by a 
reduction in survival from resuscitation efforts. Potential 
causes include delay in seeking medical care, longer wait-
ing times for emergency services, fewer shockable rhythms 
and lower rates of bystander initiated cardiopulmonary re-
suscitation. 

Pulmonary embolism
	 Pulmonary embolism (PE) is one of the most severe 
thromboembolic manifestations. Recent studies report 
overall incidences of PE in COVID-19 patients between 
1.1% - 3.4%,55,56 but rising up to 17% - 27% in critical pa-
tients.57,58 In an autopsy study, PE was the direct cause 
of death in 33% of COVID-19 patients.59 These rates are 
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If CT scan is not feasible, bedside echocardiogram should 
be performed to assess for cardiac signs of PE.71 Yet, the 
interpretation of echocardiogram findings is ARDS patients 
can be challenging, especially if there are no previous tests 
to compare with. Multidisciplinary discussion, integrating all 
clinical information, is the best strategy for decision mak-
ing. In patients where PE seems the most likely cause of 
obstructive shock, thrombolysis should be considered.61,71 
In patients with suspected PE who are not in shock or bed-
ridden, angio-CT scan is the gold standard. These patients 
have an indication for full-dose anticoagulation and should 
be closely monitored for signs of decompensation.71

CONCLUSION
	 Cardiac complications of COVID-19 are frequent and 
can weigh heavily on prognosis. Diagnosis is challenging 
due to confounding factors and logistical hurdles. Multipa-
rametric evaluation of patients, close monitoring and swift 
action when needed, are of paramount importance. We 
are only beginning to understand the wider implications 
of COVID-19 complications. The direct consequences of 
COVID-19 are becoming clearer, but we should also be 
wary of the indirect impact, caused by saturation of health-
care systems and decreased response capacity for many 
months. 
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higher than previous reports for other infections. For in-
stance for H1N1 influenza, the rate of venous thrombo-
embolism was approximately 6%.60 The mechanism of 
thromboembolic events in COVID-19 infection is not fully 
understood, but all three components of the Virchow triad 
(endothelial injury, stasis, and hypercoagulable state) are 
thought to play a major role in thrombus formation. Coagu-
lation abnormalities are frequent in COVID-19 patients,61,62 
and are associated with adverse outcomes.62,63 Remark-
ably, deep venous thrombosis (DVT) has seldom been re-
ported as the cause for PE. Although this might be partially 
explained by suboptimal screening, some studies suggest 
that pulmonary in situ thrombosis instead of embolism is 
also present.64

	 Several expert consensus agree on the following rec-
ommendations62,65-68: 1. Thromboprophylaxis (mechanical 
or pharmacological) in hospitalized patients; 2. Serial moni-
toring of haemostasis through platelet count, prothrombin 
time, fibrinogen and d-dimers in intensive care unit patients; 
3. In patients under therapeutic anticoagulation, monitor-
ing of anti-Xa levels is recommended every 48 hours; 4. 
Unfractionated heparin or low molecular weight heparin is 
preferred to fondaparinux or direct oral anticoagulants; 5. 
Extending prophylactic anticoagulation after hospital dis-
charge in patients with low bleeding risk should be consid-
ered. 
	 French experts suggest using an intermediate antico-
agulation dose for patients with a body mass index (BMI) 
over 30 kg/m2 or with risk factors for DVT. For those with 
D-dimer levels over 3 ug/mL and fibrinogen over 8 g/L the 
recommendation is to use the full anticoagulation dose.65 A 
Mayo clinic review proposes an intermediate anticoagula-
tion dose for those with BMI over 40 kg/m2 or D-dimer over 3 
ug/mL.62 These recommendations are controversial due to 
lack of controlled studies and lack of mention in other expert 
consensual documents.66,67Observational studies in criti-
cal COVID-19 patients found associations between higher 
dose anticoagulation and a lower risk of death, with a non-
significant increase in major bleeding.69,70 However, this was 
not observed in a systematic review and meta-analysis.62

	 In COVID-19 patients, an abrupt deterioration in oxy-
genation should raise suspicion for PE, especially if ac-
companied by sudden hypotension and tachycardia. 
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