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COVID-19 is a disease caused by the new coronavirus discovered in 2019, which may lead to a
severe acute respiratory syndrome and has a major impact on public health worldwide, being
declared a pandemic by World Health Organization. In Italy, and especially in the region of
Lombardia, the healthcare system has faced a huge overload, which led to significant conse-
quences on cardiology resources. The accessibility to cardiology care units has been drasti-
cally reduced, and scheduled interventions, such as elective primary percutaneous coronary
interventions, have been significantly delayed. During this time, there was a global concern
regarding the management of the SARS-CoV-2 pandemic, but also the management of main
cardiovascular emergencies. Under usual circumstances, the differential diagnosis of myo-
cardial injury does not confront many difficulties. Unfortunately, there are several limitations
in the management of patients with SARS-CoV-2 infection in the current pandemic state. The
aim of the present manuscript is to provide an overview on the main causes of myocardial
injury during the COVID-19 pandemic.
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INTRODUCTION festations.! There appears to be a special interrelation
between SARS-CoV-2 and cardiovascular disease (CVD).

COVID-19 is a disease caused by the new coronavirus dis- Despite the fact that COVID-19 has predominantly respi-

covered in 2019, which may lead to a severe acute respira-
tory syndrome and has a major impact on public health
worldwide, being declared a pandemic by World Health
Organization. Multiple cardiovascular complications that
may occur in the context of COVID-19 have been de-
scribed, separately or in addition with pulmonary mani-

ratory manifestations, a significant number of patients
with COVID-19 present with preexisting CVD or evolve
to new-onset myocardial damage amid the course of the
novel type of coronavirus-induced disease.” Although the
clinical picture of COVID-19 is usually dominated by re-
spiratory symptoms, these patients may also develop ful-
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minant myocardial injury, leading to a major increase in
mortality rates. Among the cardiovascular complications
that have been reported, the most frequent are myocar-
ditis, acute coronary syndromes (ACS), congestive heart
failure (HF), pulmonary embolism (PE), and cardiogenic
shock. Thereby, understanding the myocardial damage
caused by SARS-CoV-2 and its foremost mechanisms is of
great importance. During treatment for COVID-19, a vigi-
lant attitude is required to identify potential cardiovas-
cular damage or antiviral treatment-induced cardiac side
effects.> The aim of the present manuscript is to provide
an overview of the main causes of myocardial injury dur-
ing the COVID-19 pandemic.

COVID-19 AND MYOCARDIAL INJURY

Myocardial injury, demonstrated by elevated cardiac bio-
markers, was documented among early cases in China. In
a study that included 138 hospitalized patients with COV-
ID-19 in Wuhan, China, cardiac damage (demonstrated by
elevated high-sensitivity cardiac troponin I [hs-cTnI] and
new electrocardiographic or echocardiographic abnor-
malities) was confirmed in 7.2% of patients overall, and in
22% of patients who required admission to the intensive
care unit (ICU).* Remarkably, hs-cTnI was above the 99th
percentile upper reference limit in 46% of non-survivors
as opposed to 1% of survivors.® This indicates an increased
risk of death in COVID-19 patients who present associated
myocardial injury.

Initial reports specify that there are two patterns of myo-
cardial injury with COVID-19. One study established that at
four days after the onset of symptoms, the median hscTnl
levels were 8.8 pg/mL in non-survivors as opposed to only
2.5 pg/mL in survivors. Throughout follow-up, the aver-
age hscTnl did not present a marked change in survivors
(2.5 to 4.4 pg/mL), but patients that had deceased present-
ed significant increase during hospitalization (24.7 pg/mL
on day 7, to 55.7 pg/mL on day 13, 134.5 pg/mL on day 19,
and 290.6 pg/mL on day 22).° Particularly, the median time
to the end-point from the onset of symptoms was 18.5
days. The increase in hs-cTnlI tracks with other inflamma-
tory biomarkers (D-dimer, ferritin, interleukin-6, lactate
dehydrogenase), indicating that this is more a reflection of
the cytokine storm, than an isolated myocardial injury.”

The precise mechanism of myocardial involvement in
COVID-19 remains unclear. One proposed mechanism is
direct myocardial injury mediated by angiotensin con-
verting enzyme 2 (ACE2). A murine prototype revealed
pulmonary infection with SARS-CoV-2 also causing an
ACE2-dependent myocardial damage.®

Other evoked mechanisms of COVID-19-linked myo-
cardial injury include the cytokine storm, interposed by an
overexpressed response among subtypes of T helper cells,
and the intracellular accumulation of calcium due to a hy-
poxic mechanism, leading to myocyte apoptosis.?

WHAT DOES RAISED TROPONINS
SUGGEST IN COVID-19?

A group from Wuhan Renmin University described, in a
cohort of 671 COVID-19 patients, the importance of in-
creased troponin I (cTnl) levels in patients who required
respiratory support. The authors noticed that a cTnlI value
of >0.026 ng/mL was the finest limit for predicting in-
hospital mortality, the value being in the normal popula-
tion range for this test (<0.04 ng/mL).°

Patients with CVD and risk factors, such as high blood
pressure and diabetes mellitus, are at high risk of pre-
senting severe manifestations of COVID-19. Whether this
reflects a higher susceptibility to infection, or its severe
consequences, is presently unclear. There is ample specu-
lation over the role of the ACE2 receptor for CoV-2 cel-
lular docking, which may be influenced by CVD and/or its
treatment.™

Elevated troponin levels are common in patients with
chronic stable CVD, particularly when it is associated with
heart failure, which foretells a worse scenario. Moderate
troponin elevation during COVID-19 infection may just be
a surrogate indicator for the underlying severity of pre-
existing cardiovascular disease.**

Two editorials issued in JAMA Cardiology from two aca-
demic hospitals from Wuhan, China, the epicenter of the
COVID-19 pandemic,™" have proposed multiple mecha-
nisms that brought us a more accurate representation
of the impact of SARS-CoV-2 infection on patients with
cardiovascular disease. Shi et al. reported a study on 416
hospitalized patients with SARS-CoV-2-related disease,
confirmed by reverse transcriptase-polymerase chain re-
action (RT-PCR). From the total number of enrolled pa-
tients, 82 (19.7%) had evidence of myocardial damage,
revealed by increased high-sensitivity troponin I (TnI)
levels. Patients with myocardial injury had presented a
drastic increase of in-hospital mortality rates (51.2%)
compared to the group of patients in whom no myocardial
injury was detected (4.5%). Furthermore, patients with
myocardial injury who presented greater levels of tropo-
nin I, showed increasingly higher death rates."

A notable analysis conducted by Guo et al. in 187 pa-
tients with SARS-CoV-2 positive test, revealed that 27.8%
of patients had presented myocardial injury illustrated by
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increased levels of troponin T (TnT). The in-hospital mor-
tality rate was 59.6% (31 of 52) in those with higher TnT
levels compared with 8.9% (12 of 135) in those with normal
TnT. Additionally, a higher mortality rate was observed
in patients with underlying CVD (69.4%). However, high
levels of mortality were observed even in those without
CVD but with high levels of troponin (37.5%). In contrast,
a relatively favorable prognosis was observed in patients
with diagnosed CVD but without high troponin levels, who
presented a mortality of 13.3%. Guo et al. proposed an ad-
ditional explanation according to which increased levels of
TnT are directly related to higher levels of C-reactive pro-
tein (CRP) and N-terminal pro-B-type natriuretic peptide
(NT-proBNP). This hypothesis could connect the myocar-
dial injury to the magnitude of the inflammatory response
and the presence of systolic dysfunction. Their article also
showed a gradual increase in troponins and NT-proBNP
levels in patients with a worsening clinical status. On the
other hand, in patients with a favorable evolution and re-
sponse to antiviral therapy, a constantly low level of se-
rum biomarkers was maintained."

MYOCARDITIS IN THE CONTEXT
OF SARS-CoV-2 INFECTION

Myocarditis is an inflammatory disease characterized by
non-ischemic myocardial injury and accumulation of a
cellular infiltrate in the myocardium. Esfandiarei et al. and
Lee et al. proposed that the mechanism of viral myocardi-
tis is a combination of direct damage to myocardial cells
and cytotoxicity caused by T lymphocytes, a phenomenon
intensified by the occurrence of the cytokine storm. Inter-
leukin 6 (IL-6) is thought to be the central element of the
cytokine storm, consequently coordinating all proinflam-
matory activities.'4*>

The entry of the SARS-CoV-2 virus into the cell is
achieved by attaching its spike protein to the protein
membrane of ACE2, which can also be found on the cili-
ated columnar epithelial cells of the respiratory tract, type
II pneumocytes, and cardiomyocytes.'

Due to the fact that the initial reports often did not have
specific diagnostic methods for the evaluation of myocar-
dial injury, Driggin et al. strengthened the idea that the
real incidence of myocarditis is unknown. Nevertheless, it
is suggested that approximately 7% of COVID-19 deaths
are caused by myocarditis."”

Elevated levels of lactate and other inflammatory
markers have been observed, including CRP, erythrocyte
sedimentation rate, and procalcitonin, which are typi-
cally elevated according to clinical presentation. Increases

in both troponins and NT-proBNP have been observed in
patients with myocarditis associated with SARS-CoV-2
infection.'®

In myocarditis, the electrocardiogram (ECG) revealed
pericarditis-like changes, such as elevation of the ST seg-
ment and PR depression. However, the method is not sen-
sitive for the detection of myocarditis, and the absence
of these changes does not exclude the diagnosis. Other
changes can be observed, such as newly appeared bundle
branch blocks, infarction patterns, ventricular arrhyth-
mias, or high-grade atrioventricular blocks.'

The American Heart Association (AHA) recommends
that all patients with clinical signs positive for myocar-
ditis should be investigated by one or more imaging diag-
nostic methods such as transthoracic echocardiography or
cardiovascular magnetic resonance (CMR).>°

Echocardiography is the first used imaging method due
to its portability and the short time of issuing a presump-
tive diagnosis. The cardinal indicators of myocarditis on
echocardiography are increased wall thickness, dilation
of the heart cavities, and pericardial effusion, accompa-
nied by systolic dysfunction. Although CMR represents the
main diagnostic imaging method, it is limited by the long
period of analysis and, given the high contagion of SARS-
CoV-2, the need to sanitize materials and the room after
examination. The results obtained must be interpreted in
accordance with the revised Lake Louise criteria, which
include: (1) edema; (2) irreversible cell damage; and (3)
hyperemia.?"??

Endomyocardial biopsy (EMB) is recommended by the
European Society of Cardiology (ESC) as the main diag-
nostic method for myocarditis. However, there are cer-
tain limitations of this technique, especially false nega-
tive results and infectious risk associated with the current
pandemic state. If CMR cannot be performed, contrast-
enhanced computed tomography (CT) can be used, espe-
cially if the patient undergoes a CT scan for the assess-
ment of dyspnea or other clinical elements related to the
respiratory distress. In the absence of CMR or contrast-
enhanced CT results, it is very challenging to differentiate
myocarditis from other similar diagnoses.*®

ACUTE CORONARY SYNDROMES
AND COVID-19

Arising from the well-known association between acute
myocardial infarction and respiratory infections caused
mostly by influenza viruses, recent studies regarding the
potential pathophysiological correlations between SARS-
CoV-2 and acute coronary syndromes (ACS) are of the
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utmost importance and relevance. Preliminary data have
shown an apparent decrease in the overall number of
ACS presentations during the SARS-CoV-2 pandemic, but
mortality and morbidity associated with this condition re-
main very high.>

The physiopathology of ACS is related to the sudden
decrease of coronary blood flow, leading to the appear-
ance of acute myocardial ischemia. This is clinically il-
lustrated by the occurrence of ST- and non-ST-segment
elevation, and unstable angina.?>* The most important
mediators involved in the regulation of the contractile ap-
paratus of myocardial cells are cTnl and cTnT, these bio-
markers being used also in the evaluation of myocardial
lesions. However, it is important to emphasize that any
type of myocardial injury can lead to a substantial release
of ¢Tnl into the bloodstream, but this increase in cTn
cannot differentiate the underlying pathophysiological
mechanisms.?

STEMI: WHERE DID THEY ALL DISAPPEAR?

One of the most important consequences of the COVID-19
pandemic was reflected in the approach to the diagno-
sis and management of patients with ACS, delaying their
hospitalization due to suspicion or confirmation of SARS-
CoV-2 infection. In patients with STEMI, the ischemic pe-
riod is critical in terms of myocardial necrosis, therefore

prompt activation of emergency medical services (EMS) is
very important. Also, in terms of mortality and morbid-
ity associated with ACS, of particular importance are the
prompt detection and early application of specific treat-
ment. During the pandemic, the radical decrease in the
total number of ACS admissions was considered to be in
the middle of the healthcare crisis, especially given the
circumstances in which patients refused to be admitted
to EMS, as these were considered unsafe places. There-
fore, hospital admissions for ACS were reduced by up to
750/0'26,27

Furthermore, in Italy, especially in the region of Lom-
bardia, the healthcare system has faced a huge overload,
which has led to significant consequences for the cardiol-
ogy resources. Accessibility to cardiology care units (CCU)
has been drastically reduced, and the scheduled interven-
tions, such as primary percutaneous coronary interven-
tions (PCI) have been delayed. Due to the redistribution
of most financial resources and medical staff to COVID-19
management, there are fewer resources for the manage-
ment of ACS or other cardiovascular emergencies.?’

During this time, there has been a global concern for
the management of the pandemic generated by SARS-
COV-2 but also for the correct management of the main
cardiovascular emergencies. Regularly, according to the
guidelines, PCIs bypassing the ED are the standard man-
agement for STEMI patients.?® Percutaneous interventions

TABLE 1. The main studies focused on myocardial injury in patients with SARS-CoV-2-related disease
Study, year Population Evaluation and timeline = Cases with myocardial Suspected ACS In-hospital mortality
injury
Huang et al., 2020 n=41 Myocardial injury n =5 (12%) NA n==6(15%)
ICU =13 — elevated cardiac ICU = 4 (31%)
Non-ICU = 28 biomarkers or new ECG/ Non-ICU =1 (4%)
echo abnormalities during
hospitalization
Wang et al., 2020 n =138 Myocardial injury n =10 (7.2%) NA n =6 (43%)
ICU =36 — elevated cardiac ICU = 8 (22.8%)
Non-ICU = 102 biomarkers or new ECG/  Non-ICU = 2 (2%)
echo abnormalities during
hospitalization
Zhou et al., 2020 n=191 Myocardial injury n =33 (17%) First autopsy n = 54 (28.3%)

— elevated cardiac
biomarkers or new ECG /

Non-Survivor = 54
Survivor =137

echo abnormalities during

hospitalization

Shi et al., 2020, Journal
of American Medical
Association

n =416 Myocardial injury
— elevated cardiac

biomarkers or new ECG /

echo abnormalities during

hospitalization

Non-Survivor = 32 (59%)
Survivor = 1 (1%)

performed
— strongly
evidence of AMI

n =82 (19.7%) ECG features n =57 (13.7%)
consistent with ~ With cardiac injury —
myocardial 42 (51.2%)
ischemia Without cardiac injury —
15 (4.5%)

ACS — acute coronary syndromes; AMI — acute myocardial infarction; ECG — electrocardiogram; ICU — intensive care unit; NA — not available
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should remain the main reperfusion strategy in patients
with myocardial infarction and SARS-CoV-2 infection,
with careful protection of medical staff, according to
myocardial infarction guidelines in the COVID-19 era.

The main studies conducted in China during the CO-
VID-19 pandemic that analyzed the degree of myocardial
injury in a variable group of patients (based on elevated
cardiac biomarkers or new ECG/echocardiographic ab-
normalities), as well as in-hospital mortality are listed in
Table 1.

DIFFERENTIAL DIAGNOSIS BETWEEN
MYOCARDITIS AND ACUTE
CORONARY SYNDROMES

Myocarditis may mimic myocardial infarction, and es-
tablished tests lack enough specificity for proper differ-
ential diagnosis. CMR can noninvasively depict distinct
abnormal tissue patterns: edema, hyperemia, and myo-
cyte necrosis/fibrous scar tissue. Nuclear imaging is a
complementary procedure, even though is hampered by
radiation and reduced specificity.? In the context of el-
evated cTnl levels, the diagnosis of ACS is very likely, but
the involvement of the epicardial arteries can be ruled
out by coronary angiography. However, numerous CO-
VID-19 patients were identified to have a detectable cTnI
level, even when they had no substantial cardiac symp-
toms.?° It is possible that the raised troponin level is the
outcome of a sepsis-linked exacerbation of the patient’s
subclinical CAD, leading to an increased myocardial oxy-
gen demand that triggers the ischemic cascade.?* How-
ever, at this point, it is unknown whether the myocardial
injury documented in COVID-19 patients develops in a
direct manner from myocardial infection, such as SARS-
CoV-2 viral myocarditis, or indirectly, from the compli-
cations of COVID-19.3?

Under usual circumstances, the differential diagnosis
of myocardial injury does not confront many difficulties.
However, during the current pandemic state, there are
several limitations regarding the management of patients
with SARS-CoV-2 infection.

Even though studies have shown myocardial injury to
be a poor prognostic factor in SARS-CoV-2 infection, it
is unknown whether attenuating the myocardial damage
would adjust the final endpoint. Furthermore, it is still
unclear whether myocardial injury serves as the transi-
tional state between COVID-19, systemic inflammation,
and mortality, or whether the injury of the myocardium is
a signal of systemic organ failure and, implicitly, a marker
for the extent of the viral disease.?!

CONCLUSIONS

Currently, there are insufficient data regarding an ac-
curate diagnosis of myocardial injury caused by SARS-
CoV-2 infection, and there is limited evidence of direct
damage of the myocardium in COVID-19. Complementary
research and particularly autopsy studies are required
to expose the virus’s potential to cause myocardial in-
juries or vascular damages. Additional studies should be
performed to firmly conclude whether the virus has car-
diotrophic properties and, furthermore, to obtain a clear
image of myocardial involvement in patients with SARS-
CoV-2 infection, and of its effects on duration of hospi-
talization, need for endotracheal intubation, mortality,
and long-term outcomes.
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