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Post-COVID-19 Cardiomyopathy in Children and Adults: Fact or Fiction?

Anna Esther Araujo e Silva,? Ana Flavia Malheiros Torbey,’

Aurea Lucia Alves de Azevedo Grippa de Souza’

Universidade Federal Fluminense Hospital Universitdrio Anténio Pedro,” Niterdi, R] — Brazil

Hospital Cettilio Vargas Filho,? Niterdi, R] — Brazil

Since the emergence of the novel coronavirus 2019 disease
(COVID-19), cardiovascular impairment and alterations in
cardiology laboratory tests suggestive of myocardial injury,
even in patients without cardiovascular symptoms, have been
observed in hospitalized children and adults.'*

Epidemiological data from China have suggested that
cardiac injury may occur in 19% to 28% of hospitalized
patients with COVID-19.° Several factors seem to contribute
to myocardial damage, and potential mechanisms of injury
include: hypoxic injury, stress cardiomyopathy, ischemic
lesion caused by cardiac microvascular dysfunction, small
vessel cardiac vasculitis, endotheliitis, epicardial coronary
artery disease, right heart distention (acute cor pulmonale
with pulmonary embolism), myocarditis, systemic
inflammatory response syndrome (cytokine storm), and
others 34 (Figure 1).

Cases of myocarditis after infection with the SARS-
CoV-2 virus have been reported in the literature, including
cases of fulminant myocarditis, and their true incidence
is still difficult to establish. The main theories indicate
direct action of the virus or hyperimmune response. The
first endomyocardial biopsy-proven case that satisfied
the Dallas criteria for myocarditis was consistent with
virus-negative lymphocytic myocarditis, suggestive
of immune-mediated pathogenesis. On the other
hand, the first report of myocarditis due to COVID-19
corroborated by histological evidence of direct infection
of the cardiomyocyte by SARS-CoV-2 was associated with
limited myocyte necrosis, supporting the hypothesis of a
hyperinflammatory response involving the myocardium,
rather than direct loss of cardiomyocytes due to viral
infection.*”

Although it is considered a separate entity from
post-COVID-19 myocarditis, it is important to note the
occurrence of myopericarditis following COVID-19
messenger RNA (mRNA) vaccination. Cases are rare,
occurring more frequently in male adolescents and young
adults within 7 days after receiving the second dose of
the vaccine.® Most patients evolve favorably, with signs
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of clinical and laboratory improvement, with or without
treatment. A meta-analysis published in 2022 showed that
the risk of myocarditis is 7 times greater in people infected
with SARS-CoV-2 than in those who have received the
vaccine, demonstrating that it is recommendable to use
mRNA vaccines in people who are eligible, according to
current recommendations.?

Adults, children, and adolescents can also develop a
late form of multisystem inflammatory disease temporally
related to prior exposure to SARS-CoV-2, which can
lead to severe cardiac impairment, including fulminant
myocarditis. This situation, known as multisystem
inflammatory syndrome in children (MIS-C) or multisystem
inflammatory syndrome in adults (MIS-A), occurs days to
weeks after a patient becomes ill with COVID-19.7:10-13

MIS-C is considered a rare, albeit severe post-
inflaimmatory complication that can cause acute myocardial
dysfunction, arrhythmias, conduction abnormalities,
and coronary artery dilation. The outcome of MIS-C is
generally very favorable, with resolution of inflammation
and cardiovascular abnormalities within 1 to 4 weeks
of diagnosis. Mortality is also rare, with an estimated
occurrence in 1.4% to 1.9% of cases. However, some
series have reported the progression of coronary artery
aneurysms after discharge and the potential for long-term
complications.

MIS-A is less common than MIS-C and more difficult to
distinguish from acute COVID-19. However, as in MIS-C,
adults with MIS-A seem to recover quickly from severe
cardiac complications.'

The long-term cardiovascular effects of patients affected
by COVID-19 are still not very well defined, and studies in
this regard have appeared in the literature. Some patients
infected with SARS-CoV-2 experience cardiac symptoms
such as chest pain, dyspnea, fatigue, and palpitations that
persist for months after the onset of the illness.' '

Two studies were published in 2022 with large cohorts
of adult patients who had acute COVID-19, with a follow-
up of up to 1 year after the illness. Both studies included
patients who were hospitalized, patients with outpatient
follow-up only, and control groups.'®'”

The first study, by Yan Xie et al.,'® used national
healthcare databases from the United States Department
of Veterans Affairs and demonstrated that the risk and
increase in cases of cardiovascular disease at 1 year are
high in hospitalized and non-hospitalized patients who
survived COVID-19. The cardiovascular diseases found in
the study encompass several categories, such as ischemic
and non-ischemic heart disease, cardiac arrhythmias, and
others. Probable mechanisms of cardiovascular sequelae
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Figure 1 - Potential mechanisms of myocardial injury in COVID-19. DIC: disseminated intravascular coagulation; MI: myocardial infarction. Source: Figure adapted
from Atri D, Siddiqi HK, Lang J et al. COVID-19 for the Cardiologist: Basic Virology, Epidemiology, Cardiac Manifestations, and Potential Therapeutic Strategies.
JACC Basic Trans! Sci. 2020;5(5):518-536. https://doi:10.1016/j.jacbts.2020.04.002.

include direct viral invasion of cardiomyocytes, endothelial
cell infection and endotheliitis, transcriptional alteration of
multiple cell types in cardiac tissue, complement activation,
complement-mediated coagulopathy and microangiopathy,
dysregulation of the renin-angiotensin-aldosterone system,
persistent hyperactive immune response, autoimmunity, or
persistence of the virus in immune-privileged sites, among
others. The study provides robust evidence, but it is worth
emphasizing that the majority of the study population was
composed of White men.

A subsequent publication, by Weijie Wang et al.'” used
data from 48 health care institutions in the United States
contained in the TriNetX platform (a global platform for
collaborative clinical research in health, which collects
electronic medical data in real time from several health
organizations worldwide). TriNetX currently holds
the largest global COVID-19 dataset. The institutions
involved in the study were hospitals, primary health care
units, or specialists. COVID-19 survivors had a higher
risk of cardiovascular complications (cerebrovascular
complications, arrhythmias, inflammatory or ischemic
heart disease, and thromboembolic disorders) than those
in the control group. The risks of two composite endpoints,
major adverse cardiac events and any cardiovascular
complication, were also higher in COVID-19 survivors.
The risks of cardiovascular complications were evident in
both the male and the female sex. These findings could
be justified by irreversible damage previously caused
to the cardiovascular or cerebrovascular system during
SARS-CoV-2 infection; damage to the respiratory system
with impaired lung function and systemic hypoxia, causing
ischemic heart disease, acute coronary syndrome, and
ischemic stroke; hyper-coagulopathy status caused by

COVID-19 persisting after recovery from COVID-19,
increasing the risks of thromboembolic events and
embolism; cytokine storm with damage to various
organs, among others. Finally, some drugs eventually
used by some individuals with COVID-19, such as
hydroxychloroquine and azithromycin, have adverse
effects on the cardiovascular system. The authors conclude
that the risk of 1-year burden of cardiovascular disease is
substantially higher in COVID-19 survivors than in controls
and that patients with a history of COVID-19 should be
mindful of their long-term cardiovascular health.

In the absence of robust data from clinical trials, with
the intention of providing practical guidance related to
the evaluation and management of patients whose cardiac
symptoms persist after the acute phase of COVID-19, in
May 2022, the American College of Cardiology published
an Expert Consensus Decision Pathway on Cardiovascular
Sequelae of COVID-19 in Adults."® The publication
aims to serve as a resource for doctors who care for this
group of patients, mainly in the outpatient setting, also
addressing the return of athletes to physical activities and
the management of patients with myopericarditis following
COVID-19 mRNA vaccination. As the recommendations
reflect current knowledge up to early 2022, the authors
recognize that the guidance provided will change over time
as understanding of COVID-19 evolves.

It is a fact that COVID-19 is related to myocardial
impairment, both in the acute phase and in later periods of
the disease, in adults and children. More long-term studies
are needed, however. Up to this moment, it seems to be
important to include cardiovascular health in the line of
care for patients with acute COVID-19 or patients who
have survived this condition.
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