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Summary: Myocarditis associated with novel coronavirus infection (COVID-19) is a difficult 

diagnosis from all points of view. The clinical manifestations of this pathology may be nonspecific 

or erased; while it’s long-term consequences for the patient are unknown. Diagnostic approaches are 

complex and practically impossible in covid clinics. Therapy carried out in patients with COVID-19 

carries a potential threat to the myocardium. 

The aim of this review was to summarize the information available to date on the clinical aspects and 

medical treatment of inflammatory myocardial injury in COVID-19. More than 300 relevant 

literature sources have been analyzed, and the most significant information in the light of the 

problem under discussion is given in the article. 

The results of the analysis of the current world literature have shown convincing evidence of the 

possible development of myocarditis as part of a new coronavirus infection. Histological verification 

of myocardial damage associated with COVID-19 presents significant difficulties, since end 

omyocardial biopsy is not always possible in conditions of severe infection. In this regard, the 

statistics do not reflect complete information on the prevalence of myocarditis associated with 

COVID-19. Due to insufficient knowledge of the pathogenesis of inflammatory myocardial damage, 

drug approaches have not been developed and are mainly empirical in nature. Due to the ambiguity 

of the prognosis of patients with myocarditis associated with COVID-19, further study of the 

problem is required. 

Keywords: COVID-19, SARS-CoV-2, myocarditis, myocardial damage, cardiovascular system, 
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Introduction 

In March 2020, the World Health Organization declared a pandemic of the novel coronavirus 

infection (COVID-19) caused by the SARS-CoV-2 virus. The primary target of the virus was the 

respiratory system; however, as the number of clinical observations increased, the involvement of the 

cardiovascular system in the pathological process became obvious. 

Myocarditis is an inflammatory heart disease in which viruses are considered the most likely 

etiological factor [1]. At the same time, the pathogenetic mechanisms of the effect of viruses on the 

heart are not completely clear. Both the direct damaging effect of viruses on myocardial cells and the 

immune-mediated one are known [2]. The cardiotropism of SARS-CoV-2 is currently under 

discussion. The direct damaging effect of SARS-CoV-2 is associated with its penetration into 

cardiomyocytes through angiotensin-converting enzyme-2 (ACE-2) receptors, which probably leads 

to the development of myocarditis. The immune-mediated effect can be explained by the formation 
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of a pathological systemic inflammatory response, also called "cytokine storm", in which there is 

hyperproduction of cytokines (interleukins (IL) -6, IL-7, IL-22, IL-17, etc.), which leads to damage 

to myocardial tissue and multiple organ failure [3, 4]. An additional role in myocardial damage can 

be played by damage to the microvasculature associated with the direct damaging effect of the virus 

on endothelial cells and the development of endothelial dysfunction, as well as a metabolic 

imbalance between myocardial oxygen demand and its delivery [5]. The latter violation is due to the 

development of hypoxemia against the background of damage to the lung tissue and the direct 

damaging effect of the virus on erythrocytes described by some authors, in which SARS-CoV-2 is 

able to bind to the beta chain of hydroxyhemoglobin, as a result of which porphyrin dissociates from 

iron, which leads to hemic hypoxia [ 6]. A significant role is given to imbalance in the renin-

angiotensin-aldosterone system (RAAS), which develops due to a decrease in the expression of 

ACE-2 receptors with a high viral load of SARS-CoV-2. At the same time, the level of protective 

angiotensin (AT) decreases against the background of an increase in the amount of AT II, which 

causes activation of the sympathetic-adrenal system, an increase in blood pressure, an increase in 

myocardial oxygen demand, vasoconstriction, the development of fibrosis, activation of 

inflammatory cytokines, and disturbances in the hemostasis system [4, 7]. The described 

pathogenetic mechanisms can contribute to the development of myocardial damage in the context of 

COVID-19, as well as lead to the progression of existing cardiovascular diseases in the patient. 

Cardiotoxicity of drugs used in the treatment of COVID-19 deserves special discussion as an 

etiological factor in the development of myocardial damage. According to some authors [8, 9], 

The frequency of myocarditis associated with COVID-19 has not been precisely established. 

Diagnosis of myocarditis presents certain difficulties, especially in the management of patients with 

COVID-19. Endomyocardial biopsy (EMB) remains the “gold standard” for diagnosis, which is not 

always possible in patients with COVID-19 [10]. Electrocardiography (ECG) and echocardiography 

(EchoCG), as well as laboratory methods (troponins, brain natriuretic peptide, C-reactive protein, 

etc.) remain the most accessible methods of instrumental examination of patients with suspected 

heart damage in covid clinics [11, 12]. However, the results of these studies do not always directly 

indicate the inflammatory nature of myocardial damage. In this regard, the term "myocardial injury" 

is often used in the literature. And not “myocarditis”, implying that this concept hides a fairly large 

range of pathologies, including inflammatory myocardial damage [3, 4, 9, 13]. Having analyzed the 

available literature sources containing the results of EMB and autopsies of patients with a new 

coronavirus infection, R Kawakami et al. [5] concluded that myocarditis associated with COVID-19 

is a rather rare clinical manifestation; the incidence of confirmed myocarditis in myocardial tissue 

samples totaled 4.5%. According to another source [14], about 7% of deaths in patients with 

COVID-19 are due to myocarditis. Magnetic resonance imaging (MRI) of the heart - an informative 

non-invasive imaging method for diagnosing myocarditis - unfortunately, is also not publicly 

available. 

Clinical manifestations of myocarditis associated with COVID-19 

The clinical manifestations of myocarditis are very diverse due to the difference in forms, the nature 

of the course of the disease, gender characteristics, and the presence of comorbid conditions in the 

patient [2, 15, 16]. The spectrum of clinical manifestations can vary from mild symptoms such as 

chest discomfort; dyspnea and fatigue to more severe symptoms associated with right and left 

ventricular failure, cardiogenic shock, arrhythmia and sudden cardiac death in fulminant myocarditis 

[15]. According to a large meta-analysis [17] of 10 studies involving 1995 patients with COVID-19, 

their common symptoms were fever (88.5%), cough (68.6%), myalgia or fatigue (35.8%), cough 

with sputum (28.2%) and shortness of breath (21.9%), as well as headache or dizziness (12.1%), 

diarrhea (4.8%), nausea and vomiting (3.9%). As noted, the actual frequency of myocarditis, 

associated with COVID-19 has not been established. For a comparative assessment of the clinical 

manifestations that occur in patients with myocarditis associated with a new coronavirus infection, 

we present the data of several of the most significant meta-analyses [18–21], which included clinical 

observations of patients diagnosed with myocarditis (see table). 
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Summarizing the data of the presented meta-analyses [18–21], it can be concluded that patients with 

COVID-19-associated myocarditis mostly have non-specific complaints: shortness of breath, fever, 

cough. These clinical manifestations are also expected in patients without cardiac involvement. Pain 

in the chest, “interruptions” in the work of the heart was not the leading symptoms. In their review, 

K. Sawalha et al. [20] also noted that among patients with myocarditis associated with COVID-19, 

hemodynamic disturbances in the form of shocks were often recorded (64%), of which 71% were 

cardiogenic, 29% were mixed (cardiogenic and septic shock). Virtually all meta-analyses show a 

male predominance among patients with myocarditis associated with novel coronavirus infection. 

The age of the patients in the samples was different, but the majority were over 50 years old. There, 

where it was possible to establish the comorbidity of patients with COVID-19, arterial hypertension, 

diabetes mellitus, and obesity prevailed in men. Among women of childbearing age, several patients 

developed myocardial damage in late pregnancy and in the postpartum period, perhaps these periods 

can be dangerous in terms of the development of inflammatory myocardial damage [22]. According 

to most researchers [20, 23], mortality in patients with comorbidities was higher than in patients 

without concomitant diseases. these periods can be dangerous in terms of the development of 

inflammatory myocardial damage [22]. According to most researchers [20, 23], mortality in patients 

with comorbidities was higher than in patients without concomitant diseases. these periods can be 
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dangerous in terms of the development of inflammatory myocardial damage [22]. According to most 

researchers [20, 23], mortality in patients with comorbidities was higher than in patients without 

concomitant diseases. 

The recently published results of the CORONA Germany prospective epidemiological cohort study 

[24] demonstrated an almost five-fold increase in the risk of death in hospitalized patients with 

COVID-19 with clinical manifestations of acute cardiovascular events. However, it should not be 

forgotten that there is a category of patients in whom there are no symptoms from the cardiovascular 

system, while there is laboratory confirmation of myocardial damage in the form of an increase in 

the level of cardiac troponins. Some authors [25, 26] associate cases of sudden cardiac death in 

patients with mild COVID-19 who are at home on outpatient treatment or quarantine with the likely 

development of ventricular tachycardia and acute myocarditis. The researchers emphasize the need 

for MRI of the heart in patients with a new coronavirus infection, even after a course of treatment 

and hospitalization, due to the fact that structural changes such as atrial and ventricular fibrosis can 

become a substrate for life-threatening cardiac arrhythmias. There are publications [18, 26, 27], 

according to which myocarditis can be an accidental finding at autopsy in patients with a new 

coronavirus infection who did not have clinical manifestations of the pathology of the cardiovascular 

system. 

Medical approaches to the treatment of myocarditis associated with COVID-19 infection 

It is known that the penetration of SARS-CoV-2 into the patient's body occurs indirectly through 

ACE-2 receptors [4, 7, 28]. More and more publications [28, 29] confirm the presence of the 

intracellular location of the virus and the possibility of its direct damaging effect on myocardial cells. 

At the same time, there is no understanding of the role and mechanisms of influence of drugs that 

block the RAAS. Currently, if a patient received drugs of this group before contracting a new 

coronavirus infection, then it is recommended to continue taking them [28]. It is likely that in 

patients with myocarditis associated with COVID-19, as well as with myocarditis of a different 

etiology, drugs of this group can play a positive role in preventing the development or progression of 

symptoms of circulatory failure, but should they be prescribed to patients with COVID-19 who have 

not received before that, it is not yet clear [30]. 

Considering the “cytokine storm” as a predictor of the severe course of COVID-19, practitioners 

prescribe various forms of glucocorticosteroids (GCS) to a significant number of patients [18–20]. 

According to Russian and European recommendations for the diagnosis and treatment of myocarditis 

[2, 15], the appointment of GCS requires a reasonable and balanced approach: exclusion of the acute 

period of the infectious process, the absence of a positive effect from ongoing therapy with first-line 

drugs (RAAS blockers, β-blockers, diuretics, antiarrhythmic drugs etc.). The highest efficiency of 

corticosteroids is described in patients with myocarditis on the background of rheumatic diseases [4]. 

Data on the effect of corticosteroids on the outcomes of patients with a new coronavirus infection are 

contradictory. A meta-analysis conducted by Chinese scientists [31] of 15 studies involving 5270 

patients showed that corticosteroids are most often prescribed for severe SARS-CoV-2 infection. 

Prescribing drugs of this group worsens survival, increases the duration of hospitalization, the 

addition of bacterial co-infection and hypokalemia in patients with pneumonia. At the same time, 

according to the large clinical trial RECOVERY (Randomized Evaluation of COVid-19 thERapY) 

[32], dexamethasone showed its advantage in reducing mortality in patients on mechanical 

ventilation (ALV) and oxygen therapy, and is currently included in guidelines for the management of 

patients with severe COVID-19. Some authors [33] cite their own positive clinical experience with 

the use of corticosteroids in the observation of fulminant forms of myocarditis associated with a new 

coronavirus infection. Other researchers [34] describe observations with a favorable outcome of the 

acute course of myocarditis without the appointment of GCS. Thus, the ultimate role of these drugs 

in treating myocardial inflammation in COVID-19 remains unclear. 

As a promising alternative treatment for patients with severe COVID-19 and the clinical picture of a 

"cytokine storm", doctors of some clinics [8, 9, and 35] practice prescribing tocilizumab, a 

recombinant humanized monoclonal antibody against IL-6. This drug is expected to improve 

outcomes in patients with severe infection and reduce the risk of invasive mechanical ventilation in 
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patients with pneumonia associated with COVID-19, but the number of observations is small [35]. 

There are also no data on the effect of the drug on the course of myocarditis associated with COVID-

19. 

In the literature [36, 37], there is still evidence of the use of cardiotoxic drugs with weak 

immunomodulatory properties, such as hydroxychloroquine, colchicine, as well as antibiotics 

(azithromycin, fluoroquinolones), in a new coronavirus infection. It is known that their use both 

alone and as part of combinations contributes to an increase in the duration of the QT interval, as a 

result of which polymorphic ventricular tachycardia and ventricular fibrillation may develop [8, 9]. 

A similar side effect was observed with the antiviral drug lopinavir (ritonavir) [8]. Drug interactions 

of favipiravir with anticoagulants, statins, antiarrhythmic drugs are also undesirable [8, 9]. A direct 

cardiotoxic effect of interferons α and β has been described [9]. Obviously, that the appointment of 

these drugs in the conditions of a presumptive or established diagnosis of myocarditis is undesirable. 

Some authors [9] emphasize that the use of these drugs in itself can contribute to the development of 

myocardial damage and worsen the patient's prognosis. 

Taking into account the development of endothelial dysfunction and hypercoagulability in conditions 

of systemic inflammation in patients with COVID-19, in addition to drugs blocking the RAAS, 

statins, anticoagulants, antiplatelet agents are used in clinical practice [37, 38]. 

Non-steroidal anti-inflammatory drugs (NSAIDs) are not indicated for inflammatory myocardial 

injury, their use is possible in the presence of concomitant pericarditis [15]. There is evidence that 

they are able to increase the expression of ACE-2 receptors on cell membranes, which theoretically 

can increase the penetrating ability of SARS-CoV-2 into cells [39]. In contrast, there is a publication 

[40] on a decrease in the synthesis of SARS-CoV-1 RNA in vitro, regardless of the activity of 

cyclooxygenase while taking indomethacin. Given the conflicting data on the use of NSAIDs, studies 

of the efficacy and safety of these drugs in the new coronavirus infection should be continued. 

Conclusion 

Currently, information is being accumulated on extrapulmonary multi-organ manifestations of a new 

coronavirus infection. Obviously, patients with initially combined pathology are at risk for a 

favorable prognosis of the course of the disease [42-44]. Myocardial damage that develops against 

the background of COVID-19 is in the area of special attention of researchers, as it causes an 

increase in mortality [45]. Several pathogenetic mechanisms are thought to be responsible for the 

development of myocarditis associated with COVID-19. The most likely is an immune-mediated 

mechanism resulting from a "cytokine storm". However, the direct cytopathic effect of the virus on 

cardiomyocytes continues to be discussed. Also, endothelial dysfunction, disruption of the RAAS, 

Establishing the diagnosis of "myocarditis", taking into account the peculiarities of the clinical 

picture and the non-specificity of symptoms, presents significant difficulties. The term “myocardial 

injury”, which is based, according to the literature, on the definition of an increase in the level of 

cardiac troponin, is, in fact, a more capacious concept than “myocarditis”, since it can also include 

conditions caused by myocardial ischemia and Takotsubo cardiomyopathy [46] . To confirm the 

diagnosis of myocarditis, additional diagnostic manipulations are required: ECG, echocardiography, 

MRI, and ultimately endomyocardial biopsy, which is not always possible in a covid hospital [47]. 

Drug therapy for patients with inflammatory myocardial damage associated with a new coronavirus 

infection has not been developed. Several meta-analyses have reported that patients are being treated 

according to protocols for managing COVID-19, and the effect of most drugs on the course of 

myocarditis is unknown. Many drugs used to treat patients with novel coronavirus infection have 

potentially negative effects on the myocardium and may themselves provoke myocardial damage. 

Many questions can be answered by conducting an epidemiological study of patients with 

myocarditis associated with novel coronavirus infection. 

 

 



International Journal of Health Systems and Medical Sciences 
For more information contact: mailto:editor@inter-publishing.com 

Volume 2, No 4 |    
   Apr – 2023 

 

 
Published by inter-publishing.com  |  All rights reserved. © 2023 
Journal Homepage: https://inter-publishing.com/index.php/IJHSMS    

Page 46 

 

Literature 

1. Dominguez F., Kuhl U., Pieske B. et al. Update on myocarditis and inflammatory 

cardiomyopathy: reemergence of endomyocardial biopsy. Rev Esp Cardiol. 2016; 69:178–187. 

DOI: 10.1016/j.recesp.2015.10.018. 

2. Clinical recommendations. Diagnosis and treatment of myocarditis. 2020 (Electronic resource.) 

URL: http://www.scardio.ru/content/Guidelines/2020/Clinic_rekom_Miocardit.pdf (accessed: 

09.10.2021). [Clinical guidelines. Diagnosis and treatment of myocarditis. 2020 (Electronic 

resource.) URL: http://www.scardio.ru/content/Guidelines/2020/Clinic_rekom_Myokardit.pdf 

(access date: 09.10.2021) (in Russ.)]. 

3. Xiong TY, Redwood S., Prendergast B., Chen M. Coronaviruses and the cardiovascular system: 

acute and longterm implications. Eur Heart J. 2020;2:1–3. DOI: 10.1093/eurheartj/ehaa231. 

4. Chen L., Li X., Chen M. et al. The ACE2 expression in human heart indicates a new potential 

mechanism of heart injury among patients infected with SARS-CoV-2. Cardiovasc Res. 2020; 

116:1097–1100. DOI: 10.1093/cvr/cvaa078. 

5. Kawakami R., Sakamoto A., Kawai K. et al. Pathological evidence for SARS-CoV-2 as a cause 

of myocarditis: JACC Review Topic of the Week. J Am Call Cardiol. 2021;77(3):314–325. DOI: 

10.1016/j.jacc.2020.11.031. 

6. Wenzhong L., Hualan L. COVID-19: Attacks the 1-Beta Chain of Hemoglobin and Captures the 

Porphyrin to Inhibit Human Heme Metabolism (Electronic resource.) URL: 

https://chemrxiv.org/engage/chemrxiv/article -details/60c74fa50f50db305139743d (access date: 

10/15/2021). DOI: 10.26434/chemrxiv.11938173.v8. 

7. Verdecchia P., Cavallini C., Spanevello A., Angeli F. The pivotal link between ACE2 deficiency 

and SARS-CoV-2 infection. Eur J Intern Med. 2020; 76:14–20. DOI: 

10.1016/j.ejim.2020.04.037. 

8. Driggin E., Madhavan MV, Bikdeli B. et al. Cardiovascular considerations for patients, health 

care workers, and health systems during the COVID-19 pandemic. J Am Call Cardiol. 2020; 

75(18):2352–2371. DOI: 10.1016/j.jacc.2020.03.031. 

9. Long B., Brady WJ, Koyfman A. et al. Cardiovascular complications in COVID-19. Am J 

Emerge Med. 2020; 18:1–4. DOI: 10.1016/j.ajem.2020.04.048. 

10. Ho JS, Sia CH, Chan MY et al. Coronavirus-induced myocarditis: A meta-summary of cases. 

Heart Lung. 2020; 49(6):681–685. DOI: 10.1016/j.hrtlng.2020.08.013. 

11. Kariyana PT, Sutarjono B., Grewal E. et al. A Systematic Review of COVID-19 and 

Myocarditis. Am J Med Case Rep. 2020;8(9):299–305. DOI: 10.12691/ajmcr-8-9-11. 

12. Practice of echocardiography during the COVID-19 pandemic: guidance from the Canadian 

Society of Echocardiography (Electronic resource.) URL: http://csecho.ca/wp-

content/uploads/2020/03/CSE-COVID-19- Guidance_English-1.pdf (access date: 10/15/2021). 

13. Wichmann D., Sperhake JP, Lütgehetmann M. et al. Autopsy Findings and Venous 

Thromboembolism in Patients with COVID-19: A Prospective Cohort Study. Ann Intern Med. 

2020; 173(4):268–277. DOI: 10.7326/M20-2003. 

14. Ruan Q., Yang K., Wang W. et al. Correction to: Clinical predictors of mortality due to COVID-

19 based on an analysis of data of 150 patients from Wuhan. China Intens Care Med. 2020;6:1–4. 

DOI: 10.1007/s00134-020-06028-z. 

15. Caforio AL, Pankuweit S., Arbustini E. et al. European Society of Cardiology Working Group on 

Myocardial and Pericardial Diseases. Current state of knowledge on aetiology, diagnosis, 

management, and therapy of myocarditis: a position statement of the European Society of 

Cardiology Working Group on Myocardial and Pericardial Diseases. Eur Heart J. 

2013;34(33):2636–2648. DOI: 10.1093/eurheartj/eht210. 



International Journal of Health Systems and Medical Sciences 
For more information contact: mailto:editor@inter-publishing.com 

Volume 2, No 4 |    
   Apr – 2023 

 

 
Published by inter-publishing.com  |  All rights reserved. © 2023 
Journal Homepage: https://inter-publishing.com/index.php/IJHSMS    

Page 47 

 

16. Naimov Dilshod. ASSESSMENT OF WOMEN'S OPINION ON THE RISK OF 

OVERWEIGHT AND OBESITY. SYNERGY: JOURNAL OF ETHICS AND GOVERNANCE 

Volume: 01 Issue: 06 | 2021  

17. MEDICAL THERAPY IN PATIENTS WITH ACUTE HEART FAILURE Naimov DK 

EUROPEAN JOURNAL OF MODERN MEDICINE AND PRACTICE Vol. 2 no. 5 (2022) 

EJMMP ISSN: 2795-921X 

18. Rakhmatova D.B.// "Main" symptoms and leading clinical variants of the course of acute 

coronary syndrome in women.//D.B. Rakhmatova. Journal of Biomedicine and Practice 2019, 

vol. 2, issue 6, pp. 68-73. http://dx.doi.org/10.26739/2181-9300-2019-6-8 

19. DK NaimovLEFT VENTRICULAR HYPERTROPHY: DIAGNOSIS IN 40-60-YEAR-OLD 

WOMEN WITH HYPERTENSION. 

20. Naimov Dilshod.ASSESSMENT OF WOMEN'S OPINION ON THE RISK OF OVERWEIGHT 

AND OBESITYVol. 1 no. 6 (2021): SYNERGY: JOURNAL OF ETHICS AND 

GOVERNANCE 

21. DKNaimov. (2022). MYOCARDITIS AGAINST THE BACKGROUND OF COVID-19: 

CLINICAL FEATURES AND DRUG TREATMENT. Journal of Integrated Education and 

Research, 1(1), 497–512. 

22. DK Naimov MEDICAL THERAPY IN PATIENTS WITH ACUTE HEART FAILURE 

23. Kalenchyts T.I., Rysevets A.V., Antanovich Zh.V. Perenosimost' fizicheskih training u 

24. Naimov DK (2022). LEFT VENTRICULAR HYPERTROPHY: DIAGNOSIS IN 40-60-YEAR-

OLD WOMEN WITH HYPERTENSION. European Journal of Interdisciplinary Research and 

Development, 4, 186–188. Retrieved 

Fromhttp://www.ejird.journalspark.org/index.php/ejird/article/view/86 

25. Smichek VB Reabilitatsiya bol'nih i invalidov [Rehabilitation of patients and invalids]. 

Moscow: MedLit, 2010, 560 p. (in Russian). 

26. Naimov DK (2022). LEFT VENTRICULAR HYPERTROPHY: DIAGNOSIS IN 40-60-YEAR-

OLD WOMEN WITH HYPERTENSION. European Journal of Interdisciplinary Research and 

Development, 4, 186–188. 

 

 

 

 

http://dx.doi.org/10.26739/2181-9300-2019-6-8
https://scholar.google.com/scholar?oi=bibs&cluster=11842678773991569271&btnI=1&hl=ru
https://scholar.google.com/scholar?oi=bibs&cluster=11842678773991569271&btnI=1&hl=ru
https://scholar.google.com/scholar?cluster=18030572860566032693&hl=en&oi=scholarr
https://scholar.google.com/scholar?cluster=18030572860566032693&hl=en&oi=scholarr
https://scholar.google.com/scholar?oi=bibs&cluster=7760407225391165610&btnI=1&hl=ru
http://www.ejird.journalspark.org/index.php/ejird/article/view/86

