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Abstract:  
To date, several cardiotropic viruses have been implicated as causes of myocarditis. The 
most detected are parvovirus B19, and human herpes virus 6. Severe Acute Respiratory 
Syndrome Coronavirus 2 (SARS-CoV-2) are the respiratory viruses that have recently trig-
gered the unprecedented pandemic process. The involvement and impact of these viruses 
in viral cardiovascular disease are under study. Despite extensive research into the patho-
logical mechanisms of viral infections of the cardiovascular system, our knowledge regard-
ing their treatment and management is still incomplete. A condition caused by post- Co 
rona Virus Disease (COVID-19) myocarditis seems to have distinct inflammatory charac-
teristics. Many kinds of arrhythmias may occur in patients with post-COVID-19 myocar-
ditis and result in arrhythmogenic cardio-myopathy and sudden cardiac death. Sometimes 
arrhythmia can be the first and only symptom of myocarditis. However, compared to the 
other clinical presentations, arrhythmic myocarditis has been poorly described in the liter-
ature. The increased risk of arrhythmias in patients with a post-COVID-19 period is most 
likely a consequence of systemic inflammation and diseases, not just a direct consequence 
of the viral infection. A decrease in heart rate variability can contribute to electrical insta-
bility of the myocardium and the occurrence of arrhythmias. Cardiac magnetic resonance 
imaging and endomyocardial biopsy are the most useful tests for myocarditis. However, 
different from the other clinical presentations, arrhythmic myocarditis requires specific di-
agnostic, prognostic, and therapeutic considerations. This review aims to critically sum-
marize the state of the art on myocarditis presenting with arrhythmias in terms of epide-
miology, aetiology, diagnosis, prognosis, and treatment. 
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1. Introduction 

Since December 2019, the novel coronavirus SARS‐CoV‐2 has spread rapidly throughout 
China and still keeps the world in suspense. Cardiovascular complications with myocar-
ditis and embolism due to COVID‐19 have been reported. SARS‐CoV‐2 genome detection 
in the heart muscle has not been demonstrated so far, and the underlying pathophysiolog-
ical mechanisms remain to be investigated. 

Myocarditis is described as an inflammation of the heart muscle, resulting in damage in 
the absence of ischemia. It has been suggested that viruses are an important aetiology of 
myocarditis with a wide range of causes including but not limited to adenovirus, parvovi-
rus B19, Epstein-Barr virus and cytomegalovirus (Siddiqi et al., 2021). Now the latest evi-
dence suggests that SARS-CoV-2 virus may also be an important infectious agent for my-
ocarditis. The proposed pathophysiology of viral myocarditis is a combination of direct 
cellular damage and immune-mediated cell death. Many kinds of arrhythmias may occur 
in patients with post-COVID- 19 myocarditis and develop into arrhythmogenic cardiomy-
opathy and sudden cardiac death (Chung et al., 2021). 

2. SARS-CoV-2 and Myocarditis 

COVID-19 can lead to subacute and chronic myocarditis of varying severity. Post-COVID 
myocarditis is characterized by prolonged persistence of coronavirus in combination with 
high immune activity (high titres of antinuclear antibody), which should be considered as 
the main mechanisms of its long-term course (Ali et al., 2022).  

The incidence of COVID-19-induced myocarditis is not well established. A study reported 
that myocardial injury occurred in 20% to 30% of hospitalized patients with COVID-19 
infection, and cardio-vascular complications contributed to approximately 40% of all 
COVID-19–related deaths (Ismayl et al., 2022).   

During March 2020–January 2021, patients with COVID-19 had nearly 16 times the risk for 
myocarditis compared with patients who did not have COVID-19, and risk varied by sex 
and age (Boehmer et al., 2021).  

In a study conducted in Germany (Escher et al., 2020), endomyocardial biopsies were per-
formed on 104 patients with acute myocarditis and heart failure who had been infected 
with COVID-19. The study showed that SARS-CoV-2, as detected by PCR, was present in 
only 5% of patients. However, genomes of other viruses were detected in 85% of cases, the 
most frequently detected was Parvovirus B 19 (Escher et al., 2020). The authors suggested 
that SARS-CoV-2 in many cases could be the trigger that led to the development of inflam-
matory damage of the myocardium (Escher et al., 2020).  

Later, in 2021, a review was published that included more than 1,000 patients with sus-
pected acute myocarditis and heart failure, and SARS-CoV-2 genome was present in only 
1% of the patients. The virus that appeared in 2019 is not a new cardiotropic virus. Thus, 
two large studies showed that in the case of myocarditis there were two viruses - one that 
was latent and the other that was replicating. Myocarditis can occur under the simultane-
ous influence of two or more different infections, when one of them, as a rule, creates con-
ditions and the other is the direct cause of damage. It is not known whether clinical symp-
toms of cardiac histopathology differentiate patients with multiple infections or whether 
they have a worse prognosis compared to patients with only one type of virus in the heart. 
It should be noted that 90% of people have a latent virus in their blood at the end of their 
lives (Schultheiss et al., 2021).   

In another study in Germany (Tanacli et al., 2021), Cardiac Magnetic Resonance (CMR) 
and EndoMyocardial Biopsy (EMB) findings revealed that a SARS CoV- 2 infection 
showed a variable cardiac involvement. Patients with more symptoms and those with 
higher clinical care demands were more likely to exhibit impaired myocardial function 
and developed chronic inflammation more often compared to patients with “classic” acute 
myocarditis during the acute and convalescent phases (Tschöpe et al). This study high-
lighted the importance of collecting large multicentre cardiac imaging data from patients 
with COCID-19 and patients recovering from COVID-19. 



Proceedings of 8thSocratic Lectures 2023                                                                                        
3 of 202 

 

3. Vaccination and COVID-19 

As for vaccination during COVID-19, there were doubts that the vaccination itself may 
have caused myocardial infarction and other heart complications. The analysis showed 
that such complications were very rare, i.e. 3 cases per 100,000, while the development of 
myocarditis in people without COVID-19 vaccination reached 11 per 100,000 (Barda et al., 
2021). A population-based study quantified for the first time the risk of several rare cardiac 
adverse events associated with three COVID-19 vaccines as well as SARS-CoV-2 infection. 

Vaccination for SARS-CoV-2 in adults was associated with a small increase in the risk of 
myocarditis within a week of receiving the first dose of both adenovirus and mRNA vac-
cines, and after the second dose of both mRNA vaccines. By contrast, SARS-CoV-2 infec-
tion was associated with a substantial increase in the risk of hospitalization or death from 
myocarditis, pericarditis and cardiac arrhythmia (Patone et al.,2022).  

These findings underscore the importance of implementing evidence-based COVID-19 
prevention strategies, including vaccination, to reduce the public health impact of COVID-
19 and its associated complications. 

4. Presentation of COVID-19 myocarditis  

Presentation of COVID-19 myocarditis can vary from mild to severe (stated as dyspnea, 
fatigue, fever, cough, and chest pain). These symptoms are commonly seen in infections 
with previous phylogenetic viral groups such as SARS-COV or MERS-COV, in the pres-
ence or absence of myocarditis. Other symptoms listed are diarrhea, muscle pain, head-
aches, nausea and vomiting. The respiratory presentation gets further complicated with 
pre-existing risk factors due to congenital or heart conditions such as myocardial infarc-
tion, arrhythmia etc. Increased levels of cardiac biomarkers, electrocardiogram (ECG) find-
ings (i.e. prolongation of the QT interval), non-specific ST-segment and T-wave changes 
and brady/tachyarrhythmia can be found (Pourfridoni et al., 2022). Global hypokinesis and 
pericardial effusion can be seen on echocardiography (Kermani-Alghoraishi et al., 2021). 
Myocardial fibrosis associated with arrhythmia can result in increased septal wall thick-
ness (Ali et al., 2022).    

5. Diagnostics of COVID-19 associated myocarditis 

Blood test markers that are nonspecific and indicate signs of infection have been noted in 
COVID-19-associated myocarditis. These markers include Lactate DeHhydrogenase 
(LDH), white blood cell count and C-reactive protein (CRP). Apart from these, cardiac 
enzyme (e.g., creatine kinase - myoglobin binding (CK-MB), pro B type natriurec peptide 
(pro-BNP) and troponin levels have been found elevated (Kaufmann et al., 2022). But in 
spite of their normal levels, the presence of myocarditis was not necessarily excluded, 
therefore initial non-invasive investigations were found essential (Escher et al., 2020). 
ECG parameters like ST-T wave changes, QT prolongation, bradyarrhythmia and tach-
yarrhythmias are nonspecific since these are also found in other diseases of the heart. 
ECG can assess hypokinesia of the myocardial wall and rule out other valvular condi-
tions and congenital malformations (Schultz et al., 2009). 2-D echocardiography lacks 
sensitivity and specificity in terms of identifying systolic and diastolic functioning varia-
tions (Sawalha et al., 2021). Computer Tomography (CT) offers better spatial resolution 
and due to its short acquisition time, it is useful in identifying fibrosis and abnormalities 
of cardiac wall motion, but it is being used for delayed enhancement (Chen and Jeudy, 
2019). Nevertheless, EMB, it is the gold standard for confirmation of myocardial inflam-
mation or fibrosis (Tavazzi et all., 2020). On the other hand, EMB carries a significant risk 
of arrhythmias, bleeding, nerve or vascular complications, perforation and pneumotho-
rax (Mandoli et al., 2021). "Lake Louise Criteria" should be considered while interpreting 
CMR images (Cundari et al., 2021). CMR which uses T2-weighted, early and late gadolin-
ium enhancement was suggested to be the best non-invasive technique as regards sensi-
tivity (Puntmann et al., 2018) but failed to identify the aetiology (viral or autoimmune) so 
in this case, EMB could be a better choice (Chu et al., 2013). Ongoing developments are 
seeking for more objective, quantitative tissue markers for inflammation and necrosis or 
scar, and semiautomatic algorithms for image acquisition and evaluation (Chen and 
Jeudy, 2019). 



Proceedings of 8thSocratic Lectures 2023                                                                                        
4 of 202 

 

6. Arrhythmias in post-COVID-19.  

Arrhythmia can be the first and only symptom of myocarditis (Blagova et al., 2021). If the 
patient suddenly develops an arrhythmia of unknown origin, a possibility of myocarditis 
can be taken into account (Li et al., 2020). Development of arrhythmia at different stages 
of development of myocarditis corresponds to different mechanisms (Li et al., 2020). It was 
suggested that an increased risk of arrhythmias in patients with COVID-19 is most likely 
a consequence of systemic diseases, not just a direct consequence of the viral infection (Ak-
kawi and Ghazal, 2021). 

In 2020, a large study within European countries in the time interval of seven months 
showed that in many patients, the symptoms connected to COVID-19 persisted (mainly 
cardiac symptoms: chest pain and or tightness in the chest, shortness of breath, fatigue, 
sleep disturbance, night apnea, tachycardia, bradycardia) (Davis et al., 2021). The patients 
had not returned to previous levels of work and continued to experience significant symp-
tom burden (Davis et al., 2021).  
According to the current literature, we can find the following arrhythmogenic hypothetic 
mechanisms in the acute phase of viral myocarditis:  

i. Direct cytopathic effect, which leads to electrical instability due to lysis of myocyte mem-
branes (Agol, 2012). 

ii, Ischemia as a result of a coronary macro-or microvascular lesion, for example, in virus-
es with endothelial tropism (Paravirus B 19) as a result of P antigen-mediated dysfunction 
of the endothelium (Petersen and Pepine, 2015) 

iii, Dysfunction of the intercellular gap junction (gap junction dysfunction) due to im-
paired connexin expression in the myocardium, as shown in coxsackie virus-induced my-
ocarditis in animal models (Hesketh et al., 2009) 

iv, Disturbance of calcium transport and the functioning of ion channels, especially in my-
ocarditis due to overlap with arrhythmic cardiomyopathy or channelopathies (Shah et al., 
2006).   

A possible explanation for why patients with COVID -19 report heart rhythm disturbances 
(tachy- or bradycardia) is SARS-CoV-2 infection of the pacemaker cells of the sinoatrial 
node, which leads to a marked increase in ferroptosis (Nishiga et al., 2022). Ferroptosis 
(English: ferroptos) is a type of programmed oxidative necrotic cell death, a characteristic 
feature based on the iron-dependent peroxidation of lipids. On experimental basis, 
deferoxamine and imatinib were found to block ferroptosis associated with SARS-CoV-2 
infection (Han et al., 2022). 

The studies on arrhythmias after COVID 19 myocarditis are very few. Arrhythmia specifi-
cation of post-COVID-19 myocarditis was performed at Strazhesko Cardiology Institute of 
Ukraine (Kovalenko et al., 2020). The first group included patients with acute myocarditis 
and COVID-19 infection in anamnesis (n=25, male 53%, female 47%, age 35,3 ± 2,5 years) 
and the second group included patients with myocarditis without COVID-19 infection in 
anamnesis and negative polymerase chain reaction (PCR) (n=20, male 60% female 40%, age 
34,9 ± 2,3 years). The diagnosis of acute myocarditis was established based on current rec-
ommendations with cardiac magnetic resonance imaging. In the first group, there was a 
significantly higher number of ventricular extrasystoles (VE) (53%), supraventricular ex-
trasystoles SE (25%), paired VEs (by 27%), and episodes of ventricular allorhythmia (12%) 
compared to the second group (Kovalenko et al., 2020). Ventricular and supraventricular 
arrhythmias were observed more often in patients with myocarditis who suffered from 
COVID – 19, regardless of gender. 

MRI in patients of the first group showed a larger volume of inflammatory and fibrotic 
lesions of the left ventricle (LV), which was evidenced by a larger number of LV segments 
in which both inflammatory changes and delayed contrast were detected (Kovalenko et 
al., 2020).  In most cases, patients with a history of COVID - 19 infection had more damage 
to the ventricular septum (Kovalenko et al., 2020). From the data of this study, it could be 
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deduced that that fibrotic changes which developed during myocarditis were correlated 
with the number of supraventricular and ventricular arrhythmias (Kovalenko et al., 2020). 
It was suggested that supraventricular arrhythmia developed more often due to inflam-
matory processes and ventricular extrasystoles developed more often due to fibrotic dam-
age (Kovalenko et al., 2020). In patients from group 1, damaged posterior and lateral walls 
of the left ventricle were correlated with supraventricular extrasystoles while damaged 
ventricular septum was correlated with ventricular extrasystoles and supraventricular 
tachycardia (Kovalenko et al., 2020).   

In a study performed in Tbilisi in 2022, the assessment of cardiac autonomic imbalance 
was based on heart rate measurements obtained during 24-hour Holter monitoring (Mali-
dze et al., 2022). Parameters of Heart rate Variability (HRV) were assessed in 2 groups 
randomized with respect to age and gender. The 1st group included patients with acute 
myocarditis after COVID -19 infection, and the second group included patients with acute 
myocarditis without COVID 19 infection in anamnesis, which was confirmed by negative 
serological studies. Patients were not vaccinated against COVID -19. A more pronounced 
decrease in the activity of the parasympathetic peripheral nervous system of the heart 
rhythm was revealed in patients who had COVID -19 infection, standard deviation normal 
to normal intervals (SDNN), 103 ± 25 ms vs 128 ± 32 ms, p < 0.001 and high frequency (HF), 
235 ± 198 ms vs 473 ± 179 ms, p < 0.001) (Malidze et al., 2022). 

It was suggested that impairment of sympathetic-vagal balance of the heart rhythm regu-
lation lowers the excitability threshold of cardiac cells in post-COVID syndrome patients 
and can contribute to the development of the electrical instability of the myocardium and 
the occurrence of arrhythmias (Malidze et al., 2022). 

7. Treatment of COVID-19-associated myocarditis 

Corticosteroids in addition to antiviral therapy, colchicine, immunoglobulins and im-
muno-modulators have decreased mortality rates in patients with or without pre-existing 
comorbidities (Feuillet et al., 2021). Current research indicates that the effect of corticoster-
oids hydrocortisone and oral prednisone is on immune system since increased amounts of 
cytokines and chemokines have been detected in patients with multiple organ dysfunction 
related to SARS-CoV-2 (Kamarullah et al., 2021). 

Positive chronotropic (e.g. dopamine) agents are considered for atrioventricular block, in-
stead of the transvenous pacemaker to minimize personal protective equipment use and 
healthcare worker's risk (Limanaqi et al., 2022). It was suggested to postpone permanent 
pacemaker implantation to allow for an improvement of bradycardia (Kochav et al., 2020).  

For atrial fibrillation in stable patients in the absence of heart failure, rate control and an-
ticoagulation are suggested while in hemodynamically unstable patients, urgent cardio-
version was found necessary (Holt et al., 2020). Apart from this, calcium channel blockers 
or digoxin and beta blockers have been used for controlling conduction through the atrio-
ventricular node (Holt et al., 2020). To assess left atrial appendage thrombus, CT angi-
ography was suggested instead of Transoesophageal Echocardiography (TEE) due to the 
risk of viral aerosolization (Hu et al., 2020).  It is still unclear how long systemic anticoag-
ulation should be used for prothrombotic state associated with severe viral infection 
(Kochav et al., 2020). Clinicians or healthcare workers should consider drug-drug interac-
tions while giving antivirals to prevent unnecessary side effects or toxicity. It was reported 
that amiodarone has been used for a short time in a patient with hypertension and cardio-
myopathy (Hu et al., 2020). Depending upon the patient's risk profile, anticoagulation was 
recommended while the patient was being monitored (Hu et al., 2020).  Cardiac troponin 
measurement and an echocardiogram were suggested for further evaluation (Hu et al., 
2020). QT corrected (QTc) interval - prolonging drugs (e.g., hydroxychloroquine) were 
found to trigger arrhythmias (Lewis et al., 2020) which should be taken into account. To 
avoid polymorphic ventricular tachycardia and pulseless electrical activity, potassium and 
magnesium deficiency should be monitored and repleted (Kochav et al., 2020). Defibrilla-
tion was suggested as an option for sustained arrhythmias of ventricles (Hu et al., 2020). 
Implantation of cardioverter-defibrillator (ICD) for secondary prevention was suggested 
in patients with myocarditis and symptomatic ventricular arrhythmias, especially if these 
persisted after the acute phase despite pharmacotherapy (Hu et al., 2020). However, the  
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timing of implanting ICD remains unclear (Wadhwani et al., 2021). Implantation of a car-
diac device for the treatment of ventricular arrhythmias (VA) is indicated 3-6 months after 
the acute phase (Wadhwani et al., 2021). Body-worn external cardioverter defibrillator has 
been considered in patients at high risk of sudden death, patients with lymphocytic myo-
carditis, and patients with myocarditis and ventricular arrhythmias in the acute phase of 
the disease (Wadhwani et al., 2021). However, the best terms for its use have not been 
prospectively investigated (Dherange et al., 2020).   

 

Conclusions  

The incidence of COVID-19-induced myocarditis and it’s mortality is not well estab‐
lished.  In patients with myocarditis, in any phase of the disease, complex and heteroge-
neous arrhythmias can occur, which vary from conduction system disturbances of the 
heart to life-threatening ventricular tachycardia and ventricular fibrillation. Myocarditis 
is often underdiagnosed, and the occurrence of arrhythmia may be a sign of its debut.  
Myocarditis with heart rhythm and conduction system disturbances requires specific 
diagnostic imaging methods for choosing treatment tactics  

 

Conflicts of Interest: The author declared no potential conflicts of interest with respect to 
the research authorship and publication of this article. 
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