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SIMILARITIES AND DIFFERENCES OF 
CARDIOVASCULAR COMPLICATIONS OF COVID-19 
INFECTION AND COVID-19 VACCINATION

Summary: COVID-19 patients may experience with a wide range of car-
diovascular complications during infection: obstructive and non-obstru-
ctive coronary artery disease-acute coronary syndrome (myocardial 
infarction type 1 and type 2), arterial or venous thromboembolic diseases, 
myocarditis, pericarditis, pericardial effusion, stress cardiomyopathy 
(Takotsubo syndrome), arrhythmias, acute heart failure, shock and sud-
den cardiac death (cardiac arrest). Cardiovascular complications that 
may occur after COVID-19 vaccination are: myocarditis, pericarditis, 
thromboembolic events, hypertension, acute coronary syndrome, stress 
cardiomyopathy, arrhythmias and cardiac arrest. Myocarditis and pericar-
ditis occurred in 3/4 of all cases after the second dose of mRNA vaccine 
against SARS-COV2 virus, most often in young adults. Vaccine-induced 
immune thrombotic thrombocytopenia (VITT) is a rare condition that 
occurs after vaccination against SARS-COV2, more prevalently in yo-
ung women (under 50 years of age). The incidence of acute myocardial 
infarction is 0.02% and 0.03% depending on the type of mRNA vaccine 
(Pfizer or Moderna), more common in males and the elderly, with symp-
toms onset the most frequently up to 24 hours after vaccine application. 
The most common arrhythmias that occur after COVID-19 vaccination 
are sinus tachycardia, atrial fibrillation, and supraventricular tachycardia. 
The benefit-risk ratio of COVID-19 vaccination to the occurrence of 
cardiovascular complications strongly prevails in favor of vaccines for 
all age groups (older than 12 years) and for both sexes.
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venous thromboembolic diseases, myocarditis, pericarditis, pericardial effusion, stress 
cardiomyopathy (Takotsubo syndrome), arrhythmias, acute heart failure, shock and 
sudden cardiac death (cardiac arrest) (1). 

There are several mechanisms that can explain cardiovascular complications du-
ring COVID-19 infection. Endothelial dysfunction can be observed as a characteristic 
pathological lesion caused by the SARS-COV2 virus, which binds to ACE-2 receptors 
on cell membranes and leads to direct injury of the lungs, heart and blood vessels. By 
entering the host cells, the SARS-COV-2 virus triggers a generalized inflammatory 
response that disrupts homeostasis and the host’s immune defense system through 
multiple mechanisms (2).

Mechanisms that can lead to cardiac injury include: cytokine-mediated immune 
activation, direct cardio-toxic effects, micro and macro vascular dysfunction, and 
hypercoagulability. These mechanisms can lead to coronary plaque destabilization, 
vasospasm, thromboembolic events, hypoxic lesions that can lead to type 2 myocardial 
infarction, catecholamines-induced cardiomyopathy, arrhythmias, and myocarditis. 
During severe forms of infection, hemodynamic disorders also occur. Severe pulmo-
nary infection increases pulmonary pressures and right ventricular load (afterload), 
leading to the right ventricular dilatation and increased end-diastolic volume, decre-
ased left ventricular preload, and decreased left ventricular contractility (hypoxia, 
inflammation, coronary spasm, or myocarditis), leads to a decrease in stroke and 
minute volume and hypotension. Severe inflammation causes vasoplegia (decrease 
in systemic vascular resistance, increase in capillary permeability), which leads to 
hypotension and the development of edema. Decreased cardiac output combined with 
hypotension and pathological activation of the renin-angiotensin-aldosterone system 
(RAAS) can lead to decreased perfusion of organs, their damage and the development 
of circulatory shock (3).

CARDIOVASCULAR COMPLICATIONS OF COVID-19 INFECTION

The most common cardiovascular complication of COVID-19 infection is acute 
myocardial injury, defined by an increase in cardiac troponin > 99th percentile. Tropo-
nin elevation occurs in 22% of hospitalized patients with COVID-19 infection, which 
is significantly higher than in hospitalized patients than other respiratory infections 
(4). Myocardial injury is not a clinical diagnosis per se, but increased troponin values   
are associated with a worse prognosis and higher mortality. It is recommended to 
measure troponin at baseline for all hospitalized patients for risk stratification, and 
then every 48 hours in high risk patients (5).

The diagnosis of myocarditis is made on the basis of symptoms, electrocardio-
gram (ECG), troponin elevation and imaging (echocardiography and cardiac magne-
tic resonance). Coronary disease should be excluded in all patients with suspected 
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myocarditis, and endomyocardial biopsy (EMB) is a class I recommendations for 
diagnosis of persistent severe heart failure and fulminant myocarditis. The most 
common symptoms are fever, dyspnea and chest pain, which may overlap with the 
symptoms of other diseases and complicate the diagnostic process. ECG changes are 
represented by ST-T changes (ST elevation, negative T waves) and /or arrhythmias. 
In severe forms of myocarditis, left ventricular dysfunction (reduction of the ejection 
fraction), as well as regional hypokinesia/akinesia are registered by echocardiography. 
Left ventricular dysfunction accompanies more severe forms of COVID-19 disease 
and the prevalence of myocarditis is thought to be significantly higher than registered, 
especially in more severe forms of COVID-19 infection, and symptoms may persist 
for several weeks after infection. COVID-19 myocarditis is most likely caused by 
activation of T cells and macrophages that infiltrate the myocardium and / or direct 
injury to cardiomyocytes by SARS-COV2 viruses, especially in fulminant forms of 
myocarditis (6,7).

Isolated pericarditis is rarely registered in correlation with COVID-19 infection, 
but pericardial effusion and associated myopericarditis have been reported in about 
50% of cases of myocarditis registered within the infection. The mechanisms leading 
to pericardial effusion are associated with direct myocardial and pericardial injury 
by SARS-COV2 viruses, inflammation during ARDS development, and “cytokine 
storm”. Isolated pericarditis is manifested by chest pain and usually has a benign 
course. Pericardial effusion can complicate the clinical presentation of infection and 
prolong the period of clinical recovery. There is no clear guide to the treatment of 
pericardial effusion within COVID-19 infection, but colchicine, corticosteroids and 
NSAIDs may be used in therapy based on several clinical studies. In large effusions 
and patients who are hemodynamically unstable, emergency drainage is indicated 
(pericardiocentesis or surgery) (8,9).

Multiple cohort studies have shown that COVID-19 infection may be a trigger 
for the development of acute coronary syndrome (ACS). Patients with COVID-19 
infection have a 3.4 times higher risk of developing acute coronary syndrome during 
the first 2 weeks after the onset of symptoms. Acute myocardial infarction (AIM) 
may occur as an initial presentation of COVID-19 infection or complicate its clinical 
course. A Danish study of 5119 patients with COVID-19 infection found that the in-
cidence of developing AIM was five times higher during the 14 days after COVID-19 
diagnosis (10). Another study in Sweden that analyzed 86742 patients with symptoms 
of COVID-19 infection showed that the incidence of AIM development was 2.9 times 
higher during the first week after the onset of symptoms COVID-19 (11). Infection and 
subsequent inflammation may trigger coronary thrombosis through multiple mecha-
nisms: infiltration of atherosclerotic plaque by inflammatory cells (plaque instability 
and rupture), systemic platelet activation, coronary vasoconstriction, and endothelial 
dysfunction. Clinical presentation of acute coronary syndrome in COVID-19 patients 
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may range from AIM with ST elevation (AIM type 1) to AIM with non-obstructive 
coronary arteries (MINOCA) and type 2 AIM (due to mismatch between myocardial 
oxygen supply and myocardial demand, without obstruction of coronary circulation). 
Based on angiographic findings, several studies have shown a high prevalence of 
non-obstructive coronary heart disease in patients with COVID-19 infection - from 
33% to 44% of those who had coronary angiography due to suspected ST elevation 
AIM. ACS therapy should be performed according to current ESC recommendations 
for the treatment of ACS with ST elevation and without ST elevation (12).

Venous thrombosis is a common complication of COVID-19 infection with an 
incidence of 7.4% (13). Hypoxia and immobilization are the main etiological factors 
in the development of venous thromboembolism (VTE). SARS-COV2 through ACE2 
receptors enters the vascular endothelium, triggering endothelial inflammation and 
the exposure of von Willebrand factor (vWF) with a significant role in platelet adhe-
sion and aggregation causing thrombosis development. Neutrophils activated by the 
virus via the ACE2 receptor release an inflammatory mediator (NETs), which is a key 
mediator of immunothrombosis that activate factor XII and trigger the coagulation 
cascade (14) .

Pulmonary embolism (PE) is the most severe thromboembolic complication. 
The overall incidence of PE in COVID-19 patients is estimated to be between 1.1% 
and 3.4%, with an increase to 17% to 27% in more severe forms of infection. In 
autopsy studies, pulmonary embolism (PE) was the direct cause of death in 33% of 
COVID-19 patients (15). Deep venous thrombosis (DVT) is one of the main causes 
of PE, but also in situ thrombosis of micro and macrovascular pulmonary circula-
tion is a significant cause of pulmonary embolism in COVID-19 patients. Several 
retrospective studies have shown that early administration of prophylactic doses of 
low molecular weight heparin (LMWH) in all hospitalized patients with COVID-19 
infection without contraindications to LMWH, reduces mortality by 34% and without 
increased risk of bleeding (16).

Cardiac arrhythmias occur in 17% of patients with COVID-19 infection, and in 
almost 50% of patients in the intensive care units. COVID-19 infection present a 3.83-
fold higher risk for developing arrhythmias. Cardiac arrhythmias occur two-fold more 
frequently in patients with increased serum troponin. The occurrence of arrhythmias 
is one of the most significant risks of adverse outcomes, with an increased incidence 
of in-hospital death. Arrhythmias vary from bradyarrhythmias (less common), thro-
ugh sinus tachycardia and atrial arrhythmias, of which atrial fibrillation is the most 
common (81.8% of all arrhythmias in hospitalized COVID-19 patients). Increased 
troponin levels in patients with pre-existing cardiovascular disease and COVID-19 
infection occur in 54.5% of patients and present an additional risk of malignant 
arrhythmias such as ventricular tachycardia (VT) and ventricular fibrillation (VF), 
which can lead to sudden cardiac death and cardiac arrest - 11.5% of patients with 
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previous cardiovascular disease develop malignant arrhythmias, and 5.2% without 
cardiovascular disease. Direct myocardial injury (ischemia and myocarditis), systemic 
inflammation (cytokine storm), respiratory failure, electrolyte imbalance, hyperactivity 
of the adrenergic system (increased levels of catecholamines), hypercoagulable status 
and the use of drugs that prolong the QT interval (chloroquine and azithromycin) may 
source the development of arrhythmias (17).

Heart failure (HF) is more common during COVID-19 infection in elderly pa-
tients with comorbidities: ischemic heart disease, hypertension and diabetes, and the 
development of HF during infection is associated with a poorer prognosis. High levels 
of NT-pro BNP and BNP during the development of heart failure are associated with 
higher mortality of COVID-19 disease (18).

Stress cardiomyopathy or Takotsubo syndrome rarely occurs as a complica-
tion of COVID-19 infection. Both sexes are equally affected, and the mean age is 
57 years (19). Most patients have a reduced ejection fraction with normal coronary 
angiogram and reversible ventricular dysfunction with higher mortality compared to 
stress cardiomyopathies that are not associated with infection and are more common 
in postmenopausal women. Possible mechanisms that cause stress cardiomyopathy are 
high levels of circulating catecholamines, direct cytotoxicity, and an overemphasized 
immune response (20).

Men with COVID-19 infection have a higher risk than women with more seve-
re forms of the infection. The majority of patients with ST elevation AIM (STEMI) 
during COVID-19 infection are men and coronary angiography confirmed coronary 
obstruction, while in women ACS is manifested by non-obstructive coronary heart 
disease (MINOCA) or microvascular dysfunction. Increased levels of ACE2 receptors 
on cardiomyocytes in men may lead to easier entry of the virus into cardiomyocytes, 
higher virulence and increased prevalence of cardiac complications in men, including 
acute forms of viral myocarditis. The effect of 17-beta estradiol on T-cell phenotype 
and function leads to a significant difference in the reduction of the  hyperinflamma-
tory response in men, which leads to a more severe clinical outcome of COVID-19 
disease. Increased levels of  D-dimer in men more than in women are an independent 
predictor of admission to intensive care units, invasive mechanical ventilation and 
in-hospital death (21).

CARDIOVASCULAR COMPLICATIONS AFTER COVID-19 VACCINATION

Cardiovascular complications that may occur after COVID-19 vaccination are: 
myocarditis, pericarditis, thromboembolic events, hypertension, acute coronary syn-
drome, stress cardiomyopathy, arrhythmias and cardiac arrest (22).

Myocarditis and pericarditis occurred in 3/4 of all cases after the second dose 
of mRNA vaccine against SARS-COV2 virus and mostly in younger adults. The 
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incidence of myopericarditis is an average of 12.6 cases of myopericarditis per mi-
llion doses of the second dose of mRNA vaccine aged 12-39 years, with no previous 
history of COVID-19 infection or comorbidities, with a predominance in men (79%). 
The median age for myocarditis was approximately 24 years in both sexes, while 
the median age for pericarditis was 24 years in males and 54 years in women. The 
rare occurrence of myocarditis in females can be explained by the inhibitory role of 
estrogen on proinflammatory T cells (23). The incidence of myocarditis in patients 
with COVID-19 occurs in an average of 11 people per 100,000 patients, and the 
incidence of myocarditis after the second dose of mRNA vaccine is 1-5 /100.000 
people, and in men aged 16-30 myocarditis is 5 times more common (1/20000). The 
most common presentation of myopericarditis is chest pain and fever within 7 days 
(usually 2 to 3 days) of the second dose of mRNA vaccine associated with elevated 
troponin and CRP, ST elevation on ECG and cardiac magnetic resonance imaging 
(CMR) which indicates myocarditis. The mechanism of these complications is not 
entirely clear, but molecular mimicry may be a potential mechanism. Antibodies to 
the SARS-COV2 “spike” protein cross-react with similar cardiac protein sequences 
including alpha-myosin (autoimmune reaction) and lead to activation of immune 
pathways and dysregulation of cytokine expression. In some cases, myocardial mi-
crothrombi without infiltration by inflammatory cells could be a possible mechanism. 
Lipid nanoparticles and other adjuvants that are part of the mRNA vaccine do not 
affect the immune and inflammatory response (24). In most cases, myopericarditis has 
a benign course independent of therapy (withdrawal of symptoms and signs and nor-
malization of diagnostic markers), and patients with myocardial damage, arrhythmias 
or hemodynamic instability are hospitalized. In several cases of pathohistologically 
confirmed myocarditis that developed within 2 weeks after the COVID-19 mRNA 
vaccine, the course was fulminant and ended lethally. Current recommendations advise 
delaying the second dose of mRNA vaccine in case of myopericarditis after the first 
dose, with possible consideration of the application of the second dose of vaccine 
after complete resolution of symptoms (25).

Vaccine-induced immune thrombotic thrombocytopenia (VITT) is a rare conditi-
on that occurs after vaccination against SARS-COV2, especially after administration 
of the adenoviral vector vaccine Astra Zeneca and Janssen / Johnson & Johnson 
vaccine. VITT has a low incidence (1/100000-150000), more prevalently in young 
women (under 50 years of age) with median onset of symptoms 4-28 days after va-
ccination (usually 8-10 days) and can be fatal - mortality rate is 20 -30% (26). VITT 
occurs in people without a previously known predisposition and known risk factors for 
thrombosis, and is characterized by the formation of immune complexes consisting of 
antibodies directed to platelet factor 4 (PF4) which leads to platelet activation, aggre-
gation and thrombus formation by mechanism, clinical presentation and biochemical 
parameters of a condition similar to heparin-induced thrombocytopenia (HIT). VITT 
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is most often clinically present with cerebral venous sinus thrombosis, but splanchnic 
venous thrombosis, deep vein thrombosis (DVT), pulmonary embolism (PE), and 
arterial thrombosis can also occur frequently (27). Treatment of thrombosis within 
the VITT condition consists of the use of intravenous immunoglobulins (IVIG) -1g/kg 
for 2 days, the use of corticosteroids and non-heparin anticoagulants (fondaparinux, 
argatroban) (28). 

Acute myocardial infarction (AIM) is a rare but potentially highly lethal compli-
cation following COVID-19 vaccines. The incidence of acute myocardial infarction 
is 0.02% and 0.03% depending on the type of mRNA vaccine (Pfizer or Moderna), 
more common in males and the elderly, with symptoms onset the most frequently up 
to 24 hours after vaccine application (more often after the second dose of vaccine). 
For now, the mechanisms that lead to the development of myocardial infarction after 
vaccine administration are unclear. Similar mechanisms leading to vaccine-induced 
thrombosis (VITT) could explain most cases of AIM (29). Kounis syndrome, which 
is an allergic or anaphylactic reaction to the vaccine, could be one of the mechanisms 
of AIM development - through various mechanisms such as allergic vasospasm and 
occlusion of a blood vessel with the formation of a thrombus infiltrated by eosinophils 
and/or mast cells. Stress during vaccine administration in the elderly with associated 
comorbidities may lead to ischemia and the development of type 2 AIM (mismatch 
between oxygen supply and myocardial demand). Patients who underwent coronary 
angiography (primary PCI) after the clinical presentation of AIM and confirmation 
of the diagnosis had a culprit lesion in the anterior descending artery (LAD) in 60% 
of cases (30).

Stress cardiomyopathy (Takotsubo syndrome) is a rare complication after admi-
nistration of COVID-19 vaccine with a median manifestation 1 to 3 days after admini-
stration of the first or second dose of vaccine, with a higher incidence in females (31). 
It is manifested by chest pain, non-obstructive coronary angiogram with signs of ST 
elevation on the ECG and apical hypokinesia on echocardiography. Risk factors for 
the development of stress cardiomyopathy are gender, age, anxiety associated with 
the application of the vaccine and the type of vaccine (32).

The most common arrhythmias that occur after COVID-19 vaccination are sinus 
tachycardia, atrial fibrillation, and supraventricular tachycardia. Clinically, they are 
most often manifested by palpitations. It is unclear whether the arrhythmias are related 
to COVID-19 vaccination or to the presence of comorbidities and the coincidence of 
the time of onset of arrhythmias after vaccine administration. The prevalence of palpi-
tations after vaccination is 0.006% and the prevalence of atrial fibrillation is 0.0009% 
(22). Several cases of postural orthostatic tachycardia have been reported in healthy 
patients within 6 days of the first dose of Pfizer vaccine. A possible mechanism of 
occurrence is an autoimmune reaction to adrenergic receptors in the cardiovascular 
system that lead to impaired vasoconstriction that causes postural tachycardia (33).
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The hypertensive reaction after COVID-19 vaccination represents 5.82% of 
all cardiovascular complications of vaccination (22). Of all cases of hypertensive 
reactions, the incidence of hypertensive crises is 1.3%, and 0.8% is the incidence of 
episodes of “hypertensive urgency”. Hypertension after vaccine application occurs in 
both sexes and in all age groups, and the median age is 73 years. Stress and the effect 
of the “white coat” are contributing factors in the manifestation of hypertension with 
existing comorbidities (34).

Conclusions

COVID-19 vaccination prevents hospitalization and reduces the mortality of 
COVID-19 infection  and reduces complications that occur during and after infection. 
The risk of myocarditis after COVID-19 vaccination is 3.24 times higher within 42 days 
after the first dose of Pfizer-BioNTech mRNA vaccine as opposed to the occurrence 
of myocarditis during COVID-19 infection where the risk is 18.28 times higher than 
the population of all age groups. Patients with myocarditis after mRNA vaccine had 
a short hospital stay (3-5 days) and recovery of cardiac function during 1-5 weeks 
after initial hospitalization (35). COVID-19 vaccination significantly reduces the risk 
of thrombosis, arrhythmias and acute renal failure during SARS-COV2 infection and 
reduces the risk of myocardial damage and myocarditis by 1000 times in all age gro-
ups, with a slightly higher risk of mild myocarditis (1-5 times higher risk) in younger 
adults. The prevalence of thrombosis in COVID-19 patients is 22%, with an increase 
in incidence to 43% after admission to intensive care units, while the incidence of 
thrombotic events after COVID-19 vaccination is low (less than 0.01%) (36).

Most elderly people who have received the vaccine have comorbidities and are 
expected to have cardiovascular events such as myocardial infarction, hypertension 
and arrhythmias, and probably some of the cardiovascular events after COVID-19 
administration occur independently of the vaccine but are presented as vaccine side 
effects.

The benefit-risk ratio of COVID-19 vaccination to the occurrence of cardiovas-
cular complications strongly prevails in favor of vaccines for all age groups (older 
than 12 years) for both sexes.

There is no conflict of interest.
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