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ABSTRACT

A history of cardiovascular comorbidity or experiencing acute cardiac injury during the coronavirus disease 2019 is accompanied by a poor
prognosis. Also, it seems myocardial ischemia (or infarction) accounts for a major part of the cardiac involvement observed in this disease.
Therefore, particular consideration is needed to protect the cardiovascular system during this pandemic. The gaps highlighted in this review are
an issue to be explored through future research. (Anatol J Cardiol 2020; 24: 7-12)
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Introduction

The novel emerged severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) responsible for the coronavirus disease
2019 (COVID-19) pandemic has affected more than 3 million
people and taken thousands of lives so far, yet the statistics are
exponentially increasing. The high capacity of spreading, the
substantial fatality of SARS-CoV-2 (as indicated by the basic re-
production number of 2-2.5), and the case fatality rate of 1.4%
indicate this virus is a devastating pathogen (1, 2). As studies
are conducted worldwide, our information about this virus and
the disease is promptly updated. At first, the condition was de-
scribed as novel pneumonia seen in a cluster of patients at Wu-
han, and to date, a typical case of COVID-19 is characterized by
its respiratory manifestation. Soon after that, a growing body of
literature reported that older patients with cardiovascular dis-
ease or hypertension are at a greater risk of death and critical
illness. Also, reports demonstrated an association between car-
diac injury and disease severity or mortality (3). Based on these
findings, cardiovascular damage seems to be a major complica-
tion of COVID-19 associated with high morbidity and mortality.
To the best of our knowledge, there are only a few studies on
the cardiovascular aspects of COVID-19 and the field remains
a challenging, unsettled issue. Therefore, the current review

sought to address this issue with a focus on myocardial injury
in COVID-19.

COVID-19 and the heart

Cardiac involvement in COVID-19 seems a life-threatening
aspect of the disease. Underlying cardiovascular diseases and
hypertension represent the most lethal comorbidities in patients
with COVID-19. Also, Risk factors that contribute to the wors-
ening outcomes in COVID-19 are similar to the ones we know
within the context of cardiovascular diseases (including age).
Acute cardiac injury was observed in 20%-30% of hospitalized
patients and was responsible for 40% of the deaths (4). In anoth-
er study, cardiac injury, defined by high-sensitivity troponin | (hs-
Tnl)>99" percentile upper reference limit, or a new abnormality
in the electrocardiograph or echocardiography, was present in
17% of all patients and 22% of the critical cases who required
admission into the intensive care unit. According to some stud-
ies, of the cardiac manifestations observed among hospitalized
patients; arrhythmia, cardiac injury, and heart failure accounted
for the majority (5, 6).

Moreover, multiple case reports of patients who experi-
enced events of cardiac injury and later were diagnosed with
pathological features of myocarditis have been published. Pos-
sible underlying mechanisms that explain the occurrence of
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myocarditis include indirect damage to the myocardium medi-
ated by the immune response to systemic inflammation caused
by cytokine storms and/or direct infection of myocytes by the
virus, which has not been confirmed yet (7, 8). Recently, Tavazzi
et al. (9) found virus particles within inflammatory macrophages
that infiltrated the myocardium, but not in myocytes, which could
either be due to the viraemic phase of infection or the migration
of pulmonary macrophages to the myocardium. In contrast, the
findings of a recent report support the notion of the capability of
the virus to mediate direct cardiac damage. The study described
a patient that experienced acute cardiac injury following the
elevation of myocardial enzymes. Subsequently, post-mortem
biopsies of endocardium and myocardium did not show any in-
filtration of inflammatory cells, while the test results of reverse
transcription-polymerase chain reaction assay performed on
cardiac tissue samples were positive for SARS-CoV-2 (10).

The question of whether and how cardiomyocytes remain in-
tact can be an area of interest considering a wide expression of
angiotensin-converting enzyme 2 (ACE2) receptors in the heart
that can also serve as a portal of entry into the cell for SARS-
CoV-2. Also, viral ribonucleic acid (RNA) was detected in 35% of
the cardiac autopsies in the Toronto SARS epidemic. As such,
efforts to find the SARS-CoV-2 viral RNA or particles in the heart
must be continued (11).

COVID-19 and renin-angiotensin system

The catalytic enzyme ACE2 is a key regulator of the renin-
angiotensin system (RAS) and cardiovascular function. It has
also been shown that ACE2 receptors, which are present mostly
on the cell membranes of organs such as heart, lung, kidney, and
intestines; and to a lesser extent in the soluble form, bind to the
spike protein of SARS-CoV-2 and acts as a receptor for the vi-
rus’s entry into the cell (12). The enzyme degrades angiotensin ||
(Ang I} to angiotensin 1-7 and therefore, inhibits Ang ll-related
deleterious effects mediated by angiotensin Il type 1 receptor
(AT1R) which include vasoconstriction, increased pulmonary en-
dothelial permeability, enhanced inflammation, increased oxida-
tive stress, and thrombosis (13).

On the other hand, angiotensin 1-7 acts on the Mas receptor
and results in contrary effects to Ang Il including Vasodilation,
attenuated inflammation, and oxidative stress (14). The 2 signal-
ing pathways ACE-Ang Il and ACE2-Ang 1-7 are in equilibrium
under normal body circumstances, while over-activation of one
compared to the other may lead to tissue damage in response
to infection (Fig. 1). Consistent with this notion, reports revealed
significantly greater Ang Il levels in the serum of patients with
COVID-19 which was associated with a higher viral load and lung
damage (15). Another study evaluated the plasma levels of Ang |
in patients with acute respiratory distress syndrome and present-
ed significantly higher Ang 1 levels among non-survivors (16).

Studies confirmed the entry of the virus into cells through
membrane fusion is associated with a significant downregula-
tion of external site ACE2 receptors, which supposedly dimin-
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ish ACE2 related protective effects (17). ACE2 receptors is also
abundant in great levels on the membrane of myocardial peri-
cytes, which plays a crucial role in maintaining the endothelial
function. Thus, presumably, dysfunctions of these cells can lead
to disruptions in downstream myocardial circulation and subse-
quentischemia (13).

Furthermore, an in vivo study showed knockdown mice for
ACE2 gen developed severe left ventricular dysfunction (18). In
agreement with the belief that conditions leading to adverse out-
comes of COVID-19 express a lower amount of ACE2 receptors
in tissues, including cardiovascular disease, hypertension, and
diabetes. Two studies have provided evidence of the successful
treatment of SARS coronavirus lung injury by new recombinant
ACE2 and losartan (19, 20). Also, a new in vitro study used re-
combinant ACE2 as a decoy receptor for SARS-CoV-2 and dem-
onstrated its capability to reduce viral infection and growth in
cell culture (21). Trials on the safety and tolerability aspects of
recombinant human ACE2 in patients with acute lung injury are
currently being conducted (NCT00886353, NCT01597635).

RAS inhibitors have been widely prescribed worldwide and
since some studies reported that the use of these medications
might cause an increase in ACE2 levels (22, 23), concerns were
raised regarding theoretically higher susceptibility to SARS-CoV-2
infection or COVID-19 severity. Although the serum ACE2 level is
directly proportional to the number of viral receptors, does it also
imply that this causes more infection susceptibility and severity?

Advanced age, male gender, and cardiovascular comorbidi-
ties are the main risk factors for poor prognosis. However, it is
proven that ACE2 expression is reduced in such conditions (20,
24). Additionally, Sama et al. (25) in two independent cohorts dem-
onstrated that the use of ACE inhibitors (ACEis) or angiotensin
receptor blockers (ARBs) are not associated with plasma levels
of ACE2. The use of ACEis or ARBs in the setting of COVID-19is a
controversial topic, while some found it bifacial to patients, oth-
ers concluded an impartial or detrimental effect. In a retrospec-
tive study conducted by Zhang et al. (26), it was expressed that
patients with COVID-19 and preexisting hypertension who used
in-hospital ACEis or ARBs had significantly fewer all-cause mor-
tality than non-ACEi-ARB users. Another study found that neither
ACEis nor ARBs users with COVID-19 were at increased risk of
admission to the hospital including fatal cases and those admit-
ted to the ICU. However, this study showed diabetic patients who
were on RAS inhibitors users required less hospitalization (27).

Also, two other observational studies reported no association
between the severity of illness and RAS inhibitors in hospital-
ized patients (28, 29). Nevertheless, contrary to previous reports,
a clinical retrospective study showed a higher mortality rate
among those patients who received angiotensin 2 receptor block-
ers or ACE inhibitors (36% vs. 25%), however, the higher mortality
rate might be a tribute to an underlying cardiovascular disease
(CVD), and the confounding effect must be adjusted for (30).

The relationship between underlying comorbidities, RAS in-
hibitors, and the RAS seems to be more complex in COVID-19.
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Figure 1. Interactions between SARS-CoV-2 and the renin-angiotensin system. Angiotensin-converting enzyme (ACE) converts angiotensin | (Ang
I) to angiotensin Il (Ang Il), which activates Ang |l type 1 receptor (AT1R) and leads to increased vasoconstriction, increased vascular permeability,
inflammation, and oxidative stress. ACE2 degrades Ang Il to angiotensin 1-7 which activates the Mas receptor to mediate protective effects.
Spike proteins of SARS-CoV-2 hind to its ACE2 receptors and cause internalization of the virus into the cell which results in ACE2 downregulation.
ACE inhibitors (ACEi) and angiotensin receptor blockers (ARBs) inhibit the generation of Ang Il and activation of AT1R respectively. rhACE2 -

recombinant human ACE2

Furthermore, there were numerous limitations in previous studies;
the designs were retrospective, dose, and duration of medication
use were not assessed, and the studies were only on in-patient
subjects. As ACEis and ARBs are indicated for chronic conditions
such as hypertension, chronic kidney disease, and heart failure
and the patients have been using these medications for a long
time, abrupt cessation may lead to complications. Based on the
evidence to date and newly published guidelines in this area, we
recommend continuing the usage of drugs as before.

COVID-19 and cardiac injury

Cardiac injury as indicated by elevated cardiac enzymes be-
fore or during the hospitalization of patients with COVID-19 is
anindependent risk factor for adverse outcomes including death
and intensive care unit admission (13, 31, 32).

In a retrospective study, more than half of those who died
had an increase in Tnl. Another study on 416 in-patient cases

showed that those with cardiac injury had a significantly higher
mortality rate than those without cardiac injury (51% vs. 4.5%)
(33). The difference was more pronounced in the study by Guo
et al. (30) when comparing mortality associated with elevated
troponin T (TnT) or underlying CVD; Patients with neither raised
Tnl nor history of CVD had a 7.62% in-hospital mortality rate
whereas this number for those with either only underlying CVD,
only raised Tnl, and the combination was increased to 13.33%,
37.5%, and 69.44% respectively.

Elevation of Tnl/T levels is associated with an increase in
other inflammatory mediators such as D-dimer, Ferritin, IL6, and
Lactate Dehydrogenase; suggesting the key role of systemic in-
flammation in the cardiac damage process (8). Additionally, el-
evated troponin levels in survivors did not change significantly
during the hospitalization whereas it increased significantly in
non-survivors suggesting an association of dynamic changes in
troponin with the increased risk of death (8, 30). The rise in the
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troponin enzyme in the course of COVID-19 may have several
origins including myocardial infarction (MI), myocarditis, pulmo-
nary embolism, and renal injury. However, this effect might be
seen in the setting of positive pressure ventilation and must be
adjusted for when assessing the hazard risk.

Natriuretic peptides are known as biomarkers of myocardi-
al stress. New reports on the role of B-type natriuretic peptide
among patients with COVID-19 has revealed significantly greater
levels in ICU-admitted patients, implying a prognostic role for it.
However, TPl was a more specific index in this study (33). Also,
patients with cardiac injury had higher levels of NT-proBNP (33).
The study by Gao et al. (34) nexplored the prognostic value of NT-
proBNP in patients with severe COVID-19 and identified it as an
independent risk factor for in-hospital death. In the authors’ opin-
ion, although elevated natriuretic peptide may indicate a poor
prognosis, diagnostic work-up, and treatment for heart failure
should take place when there are clear clinical grounds for it.

To recapitulate, the Tnl level or the surrogate marker natri-
uretic peptide has a significantimplication on prognosis estima-
tion and risk stratification in hospitalized patients, which needs
to be interpreted precisely.

COVID-19 and myocardial infarction

Although the literature on the prevalence and incidence of
MI in patients with COVID-19 is lacking, the lessons from past
experiences on the increased risk of Ml in the clinical course
of respiratory infections such as SARS and Influenza warn the
health care system and acute care facilities to stay vigilant (35-
37). Besides, the SARS epidemic heightened hospital mortality
associated with acute MI (38).

An overview of the main possible contributory mechanisms
thatlead to Ml is shown in the form of a concept map (Fig. 2). Fol-
lowing local infection, alveolar macrophages and pneumocytes
release inflammatory cytokines such as interleukin IL-1, IL-6, and
tumor necrosis factor which in turn initiates a systemic inflam-
matory response through the circulatory system, sometimes re-
sulting in a cytokine storm or what is called severe inflammatory
response syndrome (39). An imbalance in T cell subtype popula-
tions, especially a reduction in regulatory T cells, mediated by
COVID-19 infection results in decreased anti-inflammatory cyto-
kines and further amplified inflammation (40). These inflamma-
tory mediators induce cardiac coronary endothelial and smooth
muscle cells, which per se, activate preexisting macrophages in
atheromatous plaques (39).

Besides, hypothetically, activated alveolar macrophages
carrying SARS-CoV-2 particles may migrate to cardiac tissue
and cause direct damage (9). Cardiac macrophages expedite
the local inflammatory pathway and induce the expression of
adhesion molecules which lead to the recruitment of more leu-
kocytes, forming a positive feedback loop at the site of athero-
matous plaque. Eventually, the situation increases the chance of
rupture of the atheromatous plaque and provokes an acute cor-
onary syndrome. Furthermore, fever and tachycardia increase
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Figure 2. Concept map of mechanistic pathways linking COVID-19
infection to myocardial ischemia/injury. The black arrows indicate
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myocardial oxygen (0,) demand and 0, delivery is reduced due
to pneumonia, which results in cardiac stress. Patients with CO-
VID-19 suffer from a coagulopathic state confirmed by elevated
levels of D-dimer and fibrinogen degraded particles (41).

Multiple factors contribute to hemostasis disturbance, in-
cluding hepatic dysfunction which per se increases the produc-
tion of fibrinogen and tissue plasminogen activator inhibitor, and
the reactive thrombocytosis mediated by the inflammation and
prolonged bed rest (42).

Although there are insufficient data on dyslipidemia as a
complication of COVID-19, this was one of the SARS complica-
tions probably caused by hepatic dysfunction (43). The study by
Tao Guo et al. showed significantly higher triglyceride levels
among COVID-19 patients who experienced cardiac injury (30).
In a study by Chen et al. (44) it was shown that triglyceride lev-
els were significantly higher in deceased patients than in those
who recover. It was also shown that those who die have higher
cardiac troponin levels. However, it is not stated whether these
concepts correlate with each other or not (44). This factor and its
effect can also be attributed to higher body mass index and dia-
betes mellitus, which may act as confounding factors. Whether
or not agents lowering triglyceride levels can limit the disease
progression remains unknown.
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In line with the hypercoagulability state in COVID-19 patients,
the report by Zhang et al. (45) described three cases of COVID-19
that presented with multiple cerebral infarctions. Additionally,
another study showed the case of a 59-year-old female who
presented to the emergency room with weakness and a history
of cough one week before. On physical examination, she had
fever and tachycardia. She was later diagnosed with massive
pulmonary embolism and right-sided heart failure (46). From this
standpoint, it warrants the question of whether or not anticoagu-
lants can be considered as a therapeutic option in hospitalized
COVID-19 patients, which was the aim of a recently published
study by Paranjpe et al. (47). The results of their work confirmed
an improvement in the mortality rate and median survival time
in the mechanically ventilated patients who received antico-
agulants as compared to those who did not. This effect was
observed even after adjustment for mechanical ventilation (47).

Furthermore, it was suggested by the International Society
on Thrombosis and Haemostasis that all hospitalized patients
with COVID-19, whether ICU-admitted or not, be put on a prophy-
lactic-dose low molecular weight heparin as well as guidelines
by the National Institute for Public Health of the Netherlands (48,
49). The protective role of antithrombotic agents is addressed by
many other national and international scientific societies. How-
ever, there are no clear indications and optimal dose for anti-
thrombotic therapies yet. Future risk stratification guidelines and
studies are recommended to be based on the D-dimer level.

Conclusion

To conclude, we as health care communities must be cau-
tious of any alterations in the clinical, laboratory, or electrocar-
diographic findings and subsequently, look for the background
reasons. This study provided a brief review of current issues
in cardiology and COVID-19, and also presented mechanisms
contributing to cardiac damage or infarction. Future studies are
encouraged to investigate the mechanistic roles of ACE2, triglyc-
erides, and related agents in disease severity and progression.
Also, it is suggested to consider the use of cardiac markers in
clinical management guidelines, decision making, and prognosis
estimation. Further studies should aim to explore the prevalence
and characteristics of Ml in patients with COVID-19.
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