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ABSTRACT 
Since the first reports of patients infected with SARS-CoV-2 (severe acute respirato-
ry syndrome coronavirus 2) appeared in the Chinese province of Wuhan, the 
infection by the new coronavirus has infected more than 4.7 millions of people, 
and the amount of deaths is greater than 315,000, until May 18, 2020. The myocar-
dial injury or damage is defined as the detection of a value of cardiac troponins (T 
or I) above the 99th percentile of the upper reference limit. The exact mechanism, 
from which this infection by the new coronavirus causes damage to the heart cells, 
has not been completely clarified; however, numerous factors could be taken into 
account: imbalance between the supply and the demand, systemic inflammatory 
response, hypoxia, microvascular dysfunction and the direct myocardial injury 
caused by the virus. 
Keywords: COVID-19, Angiotensin-converting enzyme, Myocardial injury, Cyto-
kine storm 
 
Lesión miocárdica en el paciente con COVID-19 
 
RESUMEN 
Desde los primeros informes de pacientes infectados con el SARS-CoV-2 (severe 
acute respiratory syndrome coronavirus 2) en la provincia China de Wuhan, la 
infección por el nuevo coronavirus ha contagiado a más de  4,7 millones de per-
sonas y los fallecidos superan los 315 000, hasta el 18 de mayo del 2020. La lesión o 
daño miocárdico queda definido, como la detección de un valor de las troponinas 
cardíacas (T o I) por encima del percentil 99 del límite superior de referencia. El 
mecanismo exacto a partir del cual esta infección por el nuevo coronavirus le 
infringe un daño a las células del corazón no ha quedado totalmente esclarecido; 
no obstante, numerosos podrían ser los factores a tener en cuenta: desequilibrio 
entre el aporte y la demanda, la respuesta inflamatoria sistémica, hipoxia, disfun-
ción microvascular y el daño miocárdico directo ocasionado por el virus.  
Palabras clave: COVID-19, Enzima convertidora de angiotensina, Lesión miocárdi-
ca, Tormenta de citocinas 

 
 
GENERAL INFORMATION ABOUT THE VIRUS 
 
Since the first reports of patients infected with SARS-CoV-2 (severe acute 
respiratory syndrome coronavirus 2) appeared in the Chinese province of 
Wuhan, in December 20191-2, the infection by the new coronavirus has 
spread to more than 4.7 millions of people, and the amount of deaths is 
greater than 315,000, until May 18, 2020, according to data from the Johns 
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Hopkins University3. On March 11 of that very same 
year, the World Health Organization (WHO) decided 
to declare the COVID-19 (Novel Coronavirus Infec-
tious Disease 2019) infection as a pandemic4.  

This new pathogen belongs to the family of coro-
naviruses affecting humans and animals. It can pro-
voke symptoms going from the common cold to po-
tentially fatal illnesses such as the SARS (severe 
acute respiratory syndrome), MERS (Middle East 
respiratory syndrome) and the COVID-19. It is a zo-
onotically transmitted virus and it has a sequence, 
similar in an 87-92%, to the one found in bats5, thus 
generating the hypothesis that this animal could be 
the primary source of infection in humans6,7.  

COVID-19 is one of the seven beta-coronaviruses 
that affect humans. It has a spherical shape and its 
molecular structure is composed of a single-stranded 
positive-sense RNA, a lipid bilayer that covers it and 
four major protein subunits: spike surface protein 
(S), nucleocapsid protein (N), membrane glycopro-
tein (M), and envelope protein (E)8. Starting from the 
protein (S), the virus joins the angiotensin-convert-
ing enzyme 2 (ACE2) receptor of the respiratory 
cells9 and this way, it starts the invasion of the target 
cell and its subsequent replication.  

Although it shares similar properties with other 

coronaviruses in terms of genome and clinical mani-
festations, COVID-19, due to its high virulence and 
power of infection of asymptomatic or mildly symp-
tomatic patients, has had a fast transmission in Eu-
ropean countries and the United States. The R0 es-
timate (the average number of secondary cases pro-
duced from one case) is equal to 3 in the susceptible 
populations10-12.  

Transmission occurs from person to person, and 
it has an average incubation period of 2 to 14 days 
after the exposure to the virus13. Most patients (81%) 
present mild manifestations of the disease: fever 
(88%), dry cough (67.7%), rhinorrhea (4.8%) and gas-
trointestinal symptoms14; however, a 14% develops 
the more severe symptoms and about 5%, the criti-
cal ones (respiratory failure, shock, multiple organ 
dysfunction)15.  

 
 
 

ROLE OF THE ACE2 AND THE RENIN-
ANGIOTENSIN-ALDOSTERONE SYSTEM 
 
The relationship between SARS-CoV-2 and the renin-
angiotensin-aldosterone system (RAAS) has two key 
moments that have an influence in the virus's entry 

 
  

Figure 1. Effect of COVID-19 on the activation of the renin-angiotensin-aldosterone system. 
ACE, angiotensin-converting enzyme; ACE-I, angiotensin-converting enzyme inhibitors; Ang, 

angiotensin; ARB, angiotensin II receptor blockers; AT1 and AT2, angiotensin II receptors. 
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into the body, its replication and, the cardiovascular 
manifestations that the disease causes: 
1. The formation of angiotensin II from angiotensin I, 

with the action of the angiotensin-converting en-
zyme (ACE). 

2. The joining of the virus to the ACE2 receptors.  
 
An important link between the genesis of the dis-

ease and the main cardiovascular complications that 
this virus causes is the ACE2. This enzyme is widely 
disseminated in the pulmonary alveolar cells (type 
II), the heart, the vascular endothelium, the testicles, 
the intestine and the kidneys16,17. It is an ACE- ana-
logue carboxypeptidase which acts by degrading the 
angiotensin II into angiotensin-(1-7), and the angio-
tensin I into angiotensin-(1-9); with a counterbalanc-
ing role to the pro-inflammatory, pro-fibrotic and 
vasopressor effect of the angiotensin II in the RAAS18 
(Figure 1). The angiotensin-(1-7), which is one of 
the degradation products of the angiotensin II, acts 
as an antagonist to the vasoconstrictive effects of 
angiotensin II, from a considerable vasodilatory ef-
fect.  

Why are angiotensin II formation and regulation 
of RAAS important in the COVID-19 infection? It is 
enough to remember that both angiotensin-con-
verting enzymes are analogous, one playing a key 
role in the conversion of angiotensin II and the other 
one in its degradation. The balanced concentration 
of both angiotensin-converting enzymes in the kid-
neys and the heart ensures the proper regulation of 
urine output and blood pressure.  

In certain situations, this balance is often broken, 
either due to the use of drugs that act on RAAS or 
due to hemodynamic alterations in the body. When 
ACE inhibition occurs with the aim of lowering the 
concentrations of angiotensin II, genetic expression 
of ACE2 in the heart increases19. The same happens 
with the treatment of the aldosterone antagonists, 
which increases the cardiac activity of this enzyme20. 
Any alteration in our body, such as high blood pres-
sure and heart failure, capable of increasing the pro-
duction of vasoconstrictive substances, alters the 
ACE/ACE2 ratio in a value higher than 121,22.  

Once the concentration of ACE2 decreases, its 
counterbalancing effects on angiotensin II (its vaso-
dilatory, anti-fibrotic and anti-inflammatory effect) 
are lost; at the same time, this same deregulation 
contributes to the endothelial dysfunction and the 
myocardial damage23.  

After the exposure of the COVID-19 infection sus-
ceptible host, the SARS-CoV-2 virus joins the ACE2 

receptor via the surface protein subunit (S). This 
protein, when joining the receptor, suffers a confor-
mational change that facilitates the joining of the 
virus surface to the target cell24. From this union of 
the virus with the host cell, the concentration of 
ACE2 decreases, the balance is broken and the pro-
duction of angiotensin II increases, with the corre-
sponding catalytic activity of ACE.  

Regardless of the effect that ACE inhibitor (ACEI) 
drugs or AT1 receptor blockers (angiotensin II re-
ceptor antagonists) may have on increasing the 
ACE2 receptors, this effect is not associated to a sig-
nificant increase in the risk of COVID-19 infection. 
There is no current evidence relating the use of 
these drugs to the risk of infection by the novel 
coronavirus25,26.  

What would be the results of the COVID-19 infec-
tion in the RAAS? a) decrease in the concentration of 
ACE2 and the attenuation of its protective effects on 
the heart and b) increase in the activity of ACE and 
the production of angiotensin II. 

 
 
 

ETIOPATHOGENESIS OF MYOCARDIAL INJURY 
 
Myocardial injury: Definition  
The damage caused to the heart cells by SARS-CoV-2 
infection is relatively common, between 8-20% ac-
cording to the consulted series27, especially, in the 
severe forms of the disease. In a retrospective study 
of 416 patients admitted in Wuhan Province (China), 
who were tested positive for COVID-19, the 19.7% 
showed an elevated troponin I values over the ref-
erence value, with an average age of 64 years old28.  

Although the mechanisms by which these altera-
tions occur in the cardiac cell have not been fully 
clarified, many authors do agree on the relationship 
existing between myocardial damage and the future 
evolution of the patient and the short-term mortality. 
Patients with myocardial damage had a hospital 
mortality quantitatively higher than those who did 
not: 51.2% vs. 4.5% respectively; according to the 
study by Shi et al28. Similar results were obtained by 
Guo and coworkers in 187 patients admitted, posi-
tive for SARS-CoV-2, where the 27.8% presented ele-
vated values of troponin T with a hospital mortality 
of a 52%, vs. an 8.9% of those who had enzymatic 
values within the range of normality. Another signif-
icant detail was the number of patients with myo-
cardial damage and history of a cardiovascular dis-
ease (69.4%). 
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Myocardial injury or damage is defined as the de-
tection of a cardiac troponins (T or I) value over the 
99th percentile of the upper reference limit30, which 
may respond to acute or chronic damage depending 
on the values of the enzymatic curve31. Despite hav-
ing a lower sensitivity and specificity, other bi-
omarkers could also be used in the detection of the 
damage on the heart cells, such as the creatine ki-
nase MB fraction (CK-MB). 

In addition to presenting elevated values of car-
diac enzymes, these patients with myocardial injury 
often have electrocardiographic alterations of the ST 
segment and the T wave, and disorders of regional 
motility of the left ventricle walls and of the cardiac 
function, identified during the echocardiogram28. 
Discerning how much the enzymatic elevation cor-
responds to a primary damage to heart cells, and 
how much is secondary to the critical disease states, 
is a real challenge.  

Although, the exact mechanism from which this 
infection by the novel coronavirus causes damage to 
the heart cells has not been completely clarified, 
numerous factors could be taken into account: im-
balance between the oxygen supply and the de-
mand, systemic inflammatory response, hypoxia, 
microvascular dysfunction and the direct myocardi-

al damage caused by the virus (Figure 2).       
 

Imbalance between oxygen supply and demand 
Recently published studies have proven that the 
myocardial damage in patients with COVID-19 was 
more frequent among those admitted to Intensive 
Care Units and, at the same time, these patients pre-
sented more severe forms of the disease32. Regard-
less of the rise in markers of myocardial damage in 
severely ill patients without taking into account the 
underlying disease33,34, this rise may also be related 
to increased myocardial oxygen demands, in pa-
tients positive to COVID-19, with or without previ-
ously known coronary disease. 

This increase in myocardial output, secondary to 
SARS-CoV-2 infection, can lead to significant increas-
es in the coronary flow and the oxygen demand, 
enough to provoke myocardial ischemia, especially 
in patients with coronary disease. The increase in 
the metabolic activity of the myocardium produces 
a significant oxygen extraction from the arterial 
blood, and it implies the need to generate increases 
in the flow from precise and complex regulatory 
mechanisms35, capable of guaranteeing an adequate 
balance between the oxygen supply and demand, 
where nervous, humoral, mechanical and electrical 

 
 

Figure 2. Mechanisms involved in myocardial injury in patients infected with COVID-19. RVSP, right ventricular  
systolic pressure. 
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phenomena are involved. Circumstances such as 
tachycardia and severe high blood pressure, wheth-
er or not accompanied by situations that reduce the 
oxygen supply (significant anemia, severe hypoxia, 
coronary spasm, coronary dissection) contribute to 
break this necessary balance and cause injury to the 
myocardial cells. 

 
Cytokine storm 
One of the characteristics of COVID-19 infection is 
that it evolves into severe forms. In these circum-
stances, high serum values of the inflammation me-
diators, secondary to a dysfunctional and uncon-
trolled immune response, may cause serious dam-
age to the heart function.  However, what cardiovas-
cular disturbances occur in the body during the 
release of these inflammatory mediators? What ef-
fects do they specifically have on patients infected 
with SARS-CoV-2? 

In the infection by the novel coronavirus, it has 
been proven that, patients with more severe presen-
tations, trigger an acute systemic inflammatory re-
sponse with fatal and fulminant hypercitokinaemia; 
which is what many authors, in their scientific publi-
cations, have called “cytokine storm”36. This new 
state of inflammatory response can be found in a 
wide spectrum of conditions, not only infectious, 
and it was in 2005 that it was related to a respiratory 
virus37.  

The cytokine storm is characterized by an in-
crease in circulating levels of pro-inflammatory cy-
tokines: gamma interferon (γ), tumor necrosis factor 
alpha (TNFα), interleukins (IL-1β, IL-6, IL-12) and 
chemokines. It is a generalized inflammatory re-
sponse, associated with lung inflammation and ex-
tensive lung affection in SARS, very similar to the 
one found in MESR-CoV infection38; in addition, they 
are associated with the myocardial damage and the 
cardiac remodeling39,40. 

 From the beginnings of COVID-19 infection, au-
thors such as Huang et al reported an increase in 
proinflammatory cytokines, especially in patients 
admitted to Intensive Care Units.  

The TNFα is one of the most studied cytokines, it 
is secreted into the cardiac tissue by macrophages, 
endothelial cells and cardiomyocytes, and it has a 
strong effect in decreasing the contractile force of 
the myocardium, in addition to its role in the calci-
um hemostasis41, the excitation-contraction joining42, 
the nitric oxide metabolism43 and the signaling 
through second messengers44. In addition, this cyto-
kine may facilitate the cellular apoptosis, once is-

chemic damage occurs45, and contribute to cardiac 
dilatation46,47.  

 Large amounts of interleukin IL-6 and IL-1β are 
also released. Both increase their synthesis when 
severe myocardial damage occurs due to ischemia/ 
reperfusion, endotoxemia and other cardiovascular 
conditions. They have a depressant effect on myo-
cardial contractility and, although their exact mech-
anism is not known yet, it is thought to be related to 
the nitric oxide pathway48,49. 

Chemokines, as well as interleukins and TNFα, 
are other mediators of the inflammation released 
during COVID-19 infection. High concentrations of 
these mediators are also present in the ischemic 
myocardial damage in cardiac surgery with extra-
corporeal circulation and in the cardiac arrest. What 
role do they play in the severe sepsis by COVID-19 
and weather they share or not the same mechanism 
of the TNFα and the IL-1β and IL-6, remains still un-
proven.  

Studies carried out in patients with this type of 
surgery have proven the myocardial damage pro-
voked by ischemia/reperfusion, with the release of 
free radicals and the increase in the factor of tran-
scription kappa B50 that, once activated, induces the 
transcription of genes of activation of proinflamma-
tory cytokines (IL-2, IL-2β, IL-6, IL-8, TNFα and inter-
feron and), in addition to taking part in the produc-
tion of chemokines. Many of these inflammatory 
mediators are also present in the myocardial dam-
age.  

The inflammatory response provoked by COVID-
19 infection not only has a depressant effect of the 
contractile force, but also has a direct action on the 
heart vessels and the artherosclerotic disease. It is 
capable of increasing the inflammatory activity of 
the coronary vessels’ walls and inside the atheroma 
plaques, which contributes to the unstable plaques 
to be more susceptible to rupture51. In addition, it 
generates an increase in the blood procoagulant ac-
tivity, which might contribute to the occlusive throm-
bus formation on a fractured coronary plaque52.  

 
Hypoxia 
The acute progression of the disease by COVID-19 is 
divided into three phases: early infection phase, 
pulmonary phase and severe hyperinflation phase53. 
During the first phase, the virus infiltrates the lung 
parenchyma and begins its proliferation. An innate 
inflammatory response occurs and the first manifes-
tations of the disease begin to appear. In the pulmo-
nary phase, there is an extension of the damage to 



Myocardial injury in patients with COVID-19 

CorSalud 2020 Apr-Jun;12(2):171-183 176 

this organ, hypoxia and cardiovascular stress ap-
pear; while in a group of patients, the host's inflam-
matory response continues to be amplified until 
systemic inflammation develops54. This state of sys-
temic toxicity has the capacity of damaging distant 
organs. 

During the pulmonary phase, when the increased 
cardiac output is not enough to restore the oxygen 
delivery, cells begin to draw a higher percentage of 
the content in circulating blood. If this new situation 
is not corrected on time, the difference between the 
oxygen supply and demand will continue to in-
crease; thus creating the so-called oxygen debt and, 
subsequently, the cellular hypoxia.  

As this hypoxia worsens and the available re-
serves of ATP (adenosine-triphosphate) are exhaust-
ed, the cells transform their metabolism from aero-
bic to anaerobic. Although this metabolism repre-
sents an alternative for the organism, it only produc-
es one-eighth of the energy needed. As a result, this 
causes an imbalance between the oxygen supply 
and demand in the tissues, especially the heart. The 
oxygen debt also triggers an intracellular metabolic 
acidosis with mitochondrial damage; the mitochon-
dria suffer a high amplitude swelling and an irre-
versible damage in its membrane that finally leads to 
an acute cardiac injury55.  

In the systemic inflammatory response phase, 
there is an increase in the endothelial permeability 
and the occupation of the alveolus by a protein-rich 
edema. This decreases the alveolar surface available 
for the gas exchange and the perfusion through 
them. Once the respiratory distress syndrome is 
established, there is an increase in cardiac output 
and the perfusion of the non-ventilated areas, where 
previously closed capillaries are recruited, thus 
worsening the shunt effect and hypoxemia56.  

The released inflammatory mediators can affect 
gas exchange in a variety of ways: while some pro-
duce bronchoconstriction with increased inequali-
ties in ventilation/perfusion, others cause pulmo-
nary vasoconstriction; which, if becomes severe, 
produces right ventricular failure due to acute cor 
pulmonale and aggravates the deterioration of oxy-
gen saturation and hypoxemia57; all of which leads 
to an increase in right ventricular afterload with in-
creased wall tension, dilation and finally, ischemia. 

Either as a consequence of the hypoxemia gener-
ated by lung disease with oxidative stress and mito-
chondrial damage, or by right ventricular failure; the 
pulmonary infection in COVID-19 is capable of caus-
ing severe myocardial damage in a group of patients. 

Endothelial dysfunction 
Another mechanism outlined to account myocardial 
damage in SARS-CoV-2 infected patients is the endo-
thelial dysfunction. The vascular endothelium is a 
cellular monolayer that covers the blood vessels, 
responsible for the control and functioning of the 
coronary microcirculation, which are small-caliber 
vessels, smaller than 200 microns, impossible to 
visualize in a coronary angiography. Based on nu-
merous nervous, mechanical, chemical and humoral 
stimuli, this endothelium guarantees normal vascu-
lar tone with a balance between vasodilatory and 
vasoconstrictive substances58.  

The endothelium, and its effect on coronary mi-
crocirculation, plays a decisive role in the perfusion 
of the heart muscle, by ensuring an optimal coro-
nary reserve: that is the heart's ability to increase 
the coronary flow from the rest to its maximum vas-
odilation in response to a given stimulus. How does 
this happen? By reducing coronary resistance five 
times under its normal value in a healthy heart, the 
basal coronary flow can be increased in an equal 
number of times.  

Alterations in the vascular endothelium lead to 
an inadequate vasodilation of the coronary micro-
circulation and, as a consequence, to a decrease in 
the reserve of coronary flow. This inability to in-
crease the flow through these small arteries, espe-
cially in circumstances of increased oxygen demand, 
could result in myocardial damage.  

Among the factors involved in this complex phe-
nomenon are: alterations in the metabolism of nitric 
oxide, deregulation of the inflammatory cytokines, 
estrogen, adrenergic receptors and alterations in the 
expression or vasoactive substances production 
such as angiotensin II and endothelin59.  

How does this phenomenon occur in COVID-19 
infection? The joining of the virus to the ACE2 recep-
tor decreases the concentration of this enzyme in 
the body and causes an increase in the concentra-
tions of angiotensin II. The release of this powerful 
vasoconstricting substance reduces the vasodilatory 
capacity of the coronary microcirculation. In some 
studies of patients with acute respiratory distress 
syndrome and sepsis, elevated serum ACE and an-
giotensin II values have been associated with certain 
degrees of microvascular dysfunction60,61. 

In addition to vasodilator and vasoconstrictor 
substances, inflammation mediators are involved in 
endothelial function. Their deregulation could lead 
to serious alterations in the vasodilation of coronary 
microcirculation and finally, to myocardial damage. 
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Post-mortem histological studies in patients with 
COVID-19 found accumulation of endothelium-
associated inflammatory cells, as well as apoptotic 
bodies in the heart, the small intestine and the 
lung62. 

In addition, immune cell recruitment, either by 
direct viral infection of the endothelium or mediated 
by the immune system, may also result in wide-
spread endothelial dysfunction associated with 
apoptosis.  

 
 
 

COMPLICATIONS 
 
Complications and situations that cause myocar-
dial damage 
During SARS-CoV-2 infection, different cardiovascu-
lar conditions and complications are triggered, with 
the common denominator being the myocardial 
injury. For one reason or another, or even a combi-
nation of more than one mechanism, they cause 
major alterations in the heart function and contrib-
ute to increased mortality. Among the different situa-
tions or complications presented in this disease by 
the novel coronavirus are: septic shock, type 2 myo-
cardial infarction and myocarditis.  

Although about 80% of patients infected with 
COVID-19 develop mild forms of the disease, another 
group requires invasive mechanical ventilation, suf-
fers hemodynamic impairment and even dies from 
coronavirus. Among the consulted series, cardio-
vascular risk factors, diabetes mellitus, smoking hab-
it and elderly predispose to myocardial damage and 
increase the risk of complications and mortality. 

In a study of four meta-analyses involving 314 pa-
tients positive for the novel coronavirus, the patients 
with myocardial damage were those with most se-
vere presentations of the disease63. The same hap-
pens to patients admitted in intensive care and the 
history of cardiovascular diseases. In Wuhan prov-
ince, of 138 patients admitted with COVID-19, 72% of 
those admitted to intensive care had comorbidities, 
mostly cardiovascular64.  

 
Septic shock and myocardial damage 
Until nowadays, with the accumulated data from the 
outbreak in China and the European Union, 6.1% of 
patients diagnosed with COVID-19 in China devel-
oped critical forms (respiratory failure, septic shock 
and multiorgan failure, or both)65; while in Europe 
4% did so. Of the series of 1099 hospitalized cases in 

China, 31 suffered severe respiratory failure (dis-
tress), 11 septic shock and 6 renal failure66. 

The SARS-CoV-2 often causes, in some patients, 
serious conditions such as septic shock; character-
ized by an increased cardiac output, the oxygen 
transport and reduced systemic vascular resistance 
and oxygen withdrawal. From the first studies by 
Parrillo et al67, that used pulmonary flotation cathe-
ters, to the current use of echocardiography and 
nuclear magnetic resonance, many authors have 
tried to explain the relationship between severe 
sepsis and myocardial damage. Important humoral 
phenomena are involved in the complex system of 
metabolic activity regulation in patients with severe 
sepsis. 

Classically, it has been considered that the meta-
bolic signals are in charge of regulating the balance 
between supply and demand in the heart. One of the 
most important agents is adenosine68-69, which like 
other chemical mediators (prostaglandins, endothe-
lial relaxation factor, natriuretic peptide and nitric 
oxide) provoke vasodilation and control the con-
traction of the muscle fibers of the blood vessels70. 
Although the exact mechanism is unknown, it is 
thought that the effect they produce on microcircula-
tion is capable of responding to metabolic changes, 
decreasing resistance and increasing perfusion71,72.  

Among the theories that attempt to justify the 
damage caused by the state of sepsis in the heart is 
the cardiosuppressive effect produced by local and 
systemic mediators of inflammation, as explained in 
cytokine storm. An infectious stimulus (endotoxin), 
induces in the body the release of TNFα, IL-1β and 
IL-6 derived from monocytes/macrophages. These 
cytokines, in turn, stimulate polymorphonuclear 
leukocytes, macrophages and endothelial cells to 
the release of the platelet-activating factor and nitric 
oxide73.  

The TNFα, IL-1β and IL-6 have a strong myocar-
dial depressant effect, characterized by low blood 
pressure and decreased peripheral resistance74. It 
has also been postulated, although still under study, 
that nitric oxide has a deleterious action on long-
term cardiac contractility.  

Other authors75-77 propose that prolonged beta-ad-
renergic stimulation induces myocardial injury by 
calcium overload. Endotoxin and cytokines inhibit 
cytosolic calcium movement in cardiac myocytes 
isolated and open potassium-dependent ATP chan-
nels that shorten the action potentials and thus re-
duce the availability of intracellular calcium, events 
that decrease calcium reserve and the contraction 
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strength76-77. 
The state of severe sepsis caused by COVID-19 is 

capable of inducing significant myocardial damage 
in the body, aggravated by a history of cardiovascu-
lar diseases and poor immune response. Through 
the mediators of inflammation and adrenergic stimu-
lation involved in this type of infection, serious al-
terations in cardiac function occur.  

 
Acute myocardial infarction  
Currently, there are no studies that have described 
the real incidence of acute myocardial infarction 
with ST-segment elevation in patients with COVID-19, 
although it seems to be low. Bangalore et al78 pub-
lished a series of 18 patients with ST-elevation and 
COVID-19 in six hospitals in New York; of these, 9 
(50%) underwent coronary angiography, 6 (67%) had 
obstructive coronary disease, and 72% died in the 
hospital.  

The cause of acute myocardial infarction in pa-
tients affected by this novel coronavirus is un-
known, although the rupture of an atheroma plaque 
is possible, especially from the effect of inflammato-
ry mediators on the coronary vessels. It is also im-
portant to note that the pathological history of coro-
nary artery disease, and the risk of atherosclerotic 
cardiovascular disease, increase the probability of 
suffering an acute coronary syndrome during acute 
infection79-81.  

So far, type 2 acute myocardial infarction (not re-
lated to coronary atherothrombosis) is the most 
frequent in SARS-CoV-2 positive patients. Regardless 
of the inflammation mediators effect in cytokine 
storm (TNFα, IL-1β, IL-6), capable of causing myo-
cardial damage by depression of the contraction 
force, the large increase in myocardial oxygen de-
mand, the decrease in coronary flow reserve sec-
ondary to endothelial damage and the decrease in 
oxygen supply by severe hypoxia, are the most like-
ly mechanisms to provoke an imbalance between 
the oxygen supply and demand82.  

 
Viral myocarditis 
The first reports of myocarditis associated with viral 
infections took place during the outbreaks of influ-
enza, polio, measles and mumps83. Within that 
group, the respiratory viruses most commonly asso-
ciated with this disease have been the influenza, 
parvovirus B-1984, and MERS-CoV85; however, cur-
rently there are only reports of isolated cases of 
SARS-CoV-286. In a series of 151 patients studied with 
68 deaths, 7% of the deaths were attributed to myo

carditis with circulatory failure87.  
Myocarditis refers to any inflammation of the 

myocardium with focal or global extension, pres-
ence of necrosis and, eventually, ventricular dys-
function. Because of the high resistance to endomy-
ocardial biopsy, it is a highly underestimated dis-
ease.  

Among the diagnostic tests used to confirm acute 
myocarditis are the markers of myocardial necrosis 
(troponins T and I, CK-MB). Although earlier studies 
demonstrated the low sensitivity of troponins for the 
diagnosis of acute myocarditis88, their high concen-
trations were associated with more severe forms of 
the disease –including fulminant myocarditis– and 
left ventricular dysfunction89. Nowadays the detec-
tion of myocardial necrosis markers, it is often used 
in critical patients, as risk predictor of complication 
and mortality, with very good results 

Infection by COVID-19 and a possible joining of 
the virus to an ACE2 receptor of the myocardium 
cells could favor the internalization and subsequent 
replication of the viral capsid proteins and genome90 
with a direct involvement of the virus in the myo-
cardial tissue91. However, so far, it is thought that the 
cytokine storm triggered by the infection by the 
novel coronavirus is responsible for the myocardi-
tis, especially the fulminant one, a rare presentation 
of this disease with circulatory failure and high mor-
tality (40-70%)92. 
 
 
 
EPILOGUE 
 
During the infection by COVID-19, the joining of the 
virus to ACE2 receptors, invasion into the lung cells 
and its replication, has triggered multiple manifesta-
tions in the body. From cytokine storm, severe hy-
poxia, endothelial dysfunction or imbalance be-
tween the oxygen supply and demand, multiple 
mechanisms attempt to demonstrate why COVID-19 
infection causes myocardial injury in infected pa-
tients. 

The estimated fatality rate for this disease has 
varied from 3 to 7%, depending on the region, the 
spread of the virus and the affected populations. The 
cardiovascular risk factors, the diabetes mellitus and 
the smoking habit since the beginning of the pan-
demic have been directly related to the number of 
deaths and complications of all kinds. The early de-
tection of this myocardial damage and the rational 
use of treatments and therapeutic measures repre-
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sent a key point for the control of the pandemic and 
the minimization of its consequences. 
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