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ABSTRACT

Myocarditis is one of the relatively common complications of respiratory infection with SARS-

CoV-2. As several patients confirmed with the new SARS-CoV-2 are known with cardiovascular 

disease (CVD) and data from the literature show negative prognosis and a higher risk of compli-

cations, this subgroup of subjects represents a particular situation. Therefore, an adequate un-

derstanding of the mechanisms involved in myocardial injury and interaction between COVID-19 

and CVD is essential for optimal further management. Studies have proved that in COVID-19 

patient myocarditis is determined via three pathological mechanisms of cardiomyocyte injury: 

direct viral cell entry and binding to ACE2, vasculitis-mediated injury, and systemic inflammatory 

response leading to pro-inflammatory cytokine discharge. Studies show that the incidence of 

myocarditis in patients with SARS-CoV-2 is relatively low, 4.8%, but myocardial damage occurs in 

more than 25% of critical cases in the form of acute fulminant myocarditis with severe hemody-

namic degradation, or develops when the severity of SARS-CoV-2 infection intensifies. The mor-

tality rate in myocarditis from COVID-19 infection ranges between 50–70%, with poorer progno-

sis and a higher risk of complications in CVD patients. As in all of these cases increased troponin 

and natriuretic peptide levels proved to be a negative prognostic factor, for risk stratification and 

prompt treatment, cardiac biomarkers should be evaluated in all patients with COVID-19.
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SARS-CoV-2 – A gLobAL oUTbREAk 

Coronaviruses represent an RNA genome-based group of viruses that cause 
disease particularly in animals and birds. At this moment, there are only seven 
types of this viral group known to affect people, including SARS-CoV-2, which 
is believed to have originated in Wuhan, China. SARS-CoV-2 causes mainly se-
vere acute respiratory distress, but besides pulmonary damage, other organs, 
such as the heart, kidney and liver, are also injured.1 A particular situation is 
represented by the worsening condition of cardiac patients. As several patients 
confirmed with the new coronavirus are known with cardiovascular diseases 
(CVD), an adequate understanding of the interaction between COVID-19 and 
cardiovascular comorbidities is essential for the optimal management of these 
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patients. The most common cardiovascular complications 
given by COVID-19 are myocarditis, acute myocardial 
infarction, exacerbation of chronic heart failure, and pul-
monary thromboembolism.2 Myocarditis proved to be a 
relatively common complication of SARS-CoV-2, with the 
underlying pathological mechanism consisting of cardio-
myocyte injury determined by systemic inflammation.3 It 
is estimated that over 40% of SARS-CoV-2 deceased pa-
tients presented myocardial lesions. The first confirmed 
case of COVID-19 in a cardiac patient was on December 8, 
2019, in the Hubei province of China.4

CARDIoVASCULAR ComoRbIDITIES 

IN CoVID-19 PATIENTS

According to a recent meta-analysis conducted on 53,000 
patients who have been positively confirmed with SARS-
CoV-2, cardiovascular risk factors and comorbidities (arte-
rial hypertension, diabetes, various CVDs) were present in 
30% of subjects.5 Moreover, studies have shown that the 
mortality rate in patients with pre-existing heart disease 
was 2.3% in 1,023 deceased patients out of 44,672 con-
firmed positive. Several recent reports indicate that 28% 
of hospitalized patients presented myocardial impairment, 
a fact also confirmed by the presence of viral RNA in 35% 
of the autopsied hearts.6 Myocardial damage occurs in the 
form of acute fulminant myocarditis, with severe hemo-
dynamic degradation or development as the severity of 
SARS-CoV-2 infection intensifies.7

Data available from the literature show that SARS-CoV-2 
is responsible for direct myocardial injury by penetrating 
into human cells and binding to angiotensin-converting 
enzyme 2 (ACE2), which is highly expressed especially 
in the lungs and the heart. This leads to an alteration of 
ACE2 signaling pathways and eventually triggers acute 
pulmonary and myocardial lesions.8 The second mecha-
nism involved may be vasculitis mediated by infection.9 In 
addition to the heart and lungs, ACE2 receptors are also 
highly expressed in arterial and venous endothelial cells. 
Therefore, myocardial injury occurs either by direct viral 
entry into myocardial endothelial cells, or by triggering an 
indirect immunological response leading to a hypersensi-
tivity reaction, which suggests an intrinsic susceptibility of 
the heart to SARS-CoV-2.10 The third mechanism involved 
in the appearance of myocarditis in COVID-19 patients 
consists is the presence of an acute systemic inflamma-
tory response leading to large pro-inflammatory cytokine 
discharge into the circulation, substances that can induce 
damage to several organs and can eventually lead to mul-
tiple organ dysfunction syndrome (MODS).11 

myoCARDITIS CAUSED by ThE 

NoVEL CoRoNAVIRUS

One of the first studies conducted in China on 84 hospital-
ized patients found that the incidence of myocarditis in pa-
tients with SARS-CoV-2 is relatively low, being reported 
at 4.8%. From the 84 admitted patients, 13 had indicators 
of myocardial lesion and abnormal ECG, 8 patients were 
in serious condition, and 5 had uncertain diagnosis.12 Re-
ported ECG abnormalities included bradycardia or sinus 
tachycardia, atrioventricular block, modified T waves, or 
abnormal Q waves. In evolution, after the decrease of in-
flammatory markers, troponin levels and ECG returned 
to normal. The results of the study showed that the level 
of cardiac enzymes was significantly correlated with the 
level of C-reactive protein (CRP), and the ECG changes 
with the level of procalcitonine (PCT) and the number of 
lymphocytes. However, at that time, no correlations were 
identified between cardiac troponin I (cTnI) and the level 
of inflammatory or lymphocyte markers.13 Further cohort 
studies conducted in China on 341 patients estimated that 
myocardial lesion occurs in 7% to 17% of hospitalized pa-
tients, more common in patients admitted to intensive 
care (22.2% vs. 2.01%), and among subjects who have died 
(59% vs. 1%).14 

Kun-Long Ma et al. reported alarming mortality rates in 
patients with myocarditis from COVID-19 infection, of up 
to 50–70%.15 The first case of fulminant myocarditis was 
reported in a 63-year-old male patient, hospitalized with 
a fever of 39.3° C, chest pain, and shortness of breath. He 
was a chronic tobacco user with an allergic cough for five 
years, but with no history of heart disease. Laboratory data 
showed high levels of troponin I (11.37 g/L) and myoglo-
bin (390.97 pg/nL), and n-terminal brain natriuretic pep-
tides (NTBNP) levels of 22,600 pg/mL. The ECG showed 
sinus tachycardia, without ST segment elevation. Echocar-
diography revealed a severely altered left ventricle ejection 
fraction of 32%, with a dilated left ventricle (61 mm) and 
a pulmonary artery systolic pressure of 44 mmHg.16 An-
other study, which included 187 patients, confirmed that 
the presence of myocardial lesion is in strong correlation 
with mortality rates in COVID-19, while the prognosis of 
patients with CVD but without myocarditis is relatively fa-
vorable. From 187 patients with SARS-CoV-2, 27.8% have 
developed myocardial lesions, followed by cardiac dys-
function and arrhythmias. SARS-CoV-2-associated myo-
carditis occurred in 5 of the first 41 positive patients from 
Wuhan. In this study, 4 out of 5 patients with myocardial 
lesions were admitted to intensive care, which shows the 
severity of infection in these patients.17 
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myoCARDIAL INjURy-RELATED 

DEAThS IN CoVID-19 PATIENTS

Mortality in patients with SARS-CoV-2 was associated 
with increased troponin levels of above the 99th percentile 
of the normal upper limit in 8–12% of positive patients.18 
Recently, it has been observed that 20–30% of patients 
with severe form of COVID-19 infection presented very 
high levels of cardiac troponins.19 Hospitalized patients, 
confirmed positively with the new coronavirus but with a 
normal troponin level, presented a better prognosis, with 
a mortality between 5–13%, compared to those with high 
levels of cardiac biomarkers, who had a mortality rate of 
50%. The mechanism by which troponin levels are elevat-
ed in SARS-CoV-2 infection has been linked to direct viral 
infection of myocytes and triggering the cascade of pro-in-
flammatory cytokines.20 Endomyocardial biopsy, the gold 
standard for the diagnosis of myocarditis, could be useful 
in these cases, but there is no standardized procedure in 
COVID-19 cases yet.21 In a recent study, out of 150 patients 
with COVID-19, 68 subjects have died, of which 33% had 
been diagnosed with acute myocarditis, while 7% of deaths 
were attributed to myocarditis associated with circulatory 
failure.22 This information reinforces the statement that 
myocarditis becomes a complication of SARS-CoV-2 that 
is difficult to manage and treat. 

In other reports, fulminant myocarditis was strongly 
associated with very high viral load. In these cases, the 
autopsy results showed mononuclear inflammatory infil-
tration of the myocardial tissue.13 Myocardial involvement 
in COVID-19 was found in more than 20% of patients and 
was linked to increased mortality. Furthermore, an asso-
ciation of low-grade myocardial inflammation with cardio-
genic shock has been found.13   

An interesting particularity found in patients with 
SARS-CoV-2 is the presence of myocardial injury due to 
Takotsubo syndrome. It was reported in a 43-year-old 
woman, who presented to the emergency room after three 
days from onset of chest pain and dyspnea, with no signifi-
cant medical history. After treatment with hydroxychloro-
quine and lopinavir/ritonavir, within a few days left ven-
tricular ejection fraction had returned to normal (65%), 
with a normalized ECG tracing, and troponin and CRP 
levels within normal range. The underlying mechanism for 
the occurrence of Takotsubo remains uncertain.9 

Corticosteroids and immunoglobulins represent the 
supportive treatment options available in cases of myo-
carditis associated with SARS-CoV-2. Until this moment, 
treatment with methylprednisolone (200 mg/day for 4 
days) proved to decrease inflammation, while immuno-

globulins regulate immunity. In a study conducted by 
Xiong et al., after a week, the chest X-ray showed a normal-
sized heart, and the echocardiography revealed normal 
heart function and cavity size. Incidentally, the markers of 
myocardial lesions decreased significantly.24 

CoNCLUSIoNS

Cardiovascular involvement is common in SARS-CoV-2 
infection. Thus, there is an important need to identify pa-
tients at increased risk of death and offer supportive treat-
ment. A relatively common complication of SARS-CoV-2 
infection includes acute myocarditis as a first clinical man-
ifestation. Alarming mortality rates have been associated 
with myocardial damage that occurs in the form of acute 
fulminant myocarditis, with severe hemodynamic degra-
dation. Moreover, the presence of myocardial damage in 
COVID-19 patients with cardiovascular comorbidities is 
associated with high mortality and morbidity. As in all of 
these cases increased troponin and natriuretic peptide lev-
els proved to be a negative prognostic factor, cardiac bio-
markers should be evaluated and used for risk stratification 
of patients with confirmed SARS-CoV-2 infection.
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