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Abstract

Infections from the novel coronavirus (severe acute respiratory syndrome-Coronavirus 2, SARS-CoV2) and the associated disease (coronavirus
disease 19, COVID-19) have heart failure (HF) as a risk factor and complication. As an independent predictor of poor prognosis, the presence of
chronic HF may lead to increased morbidity and mortality in patients with COVID-19. This is achieved through multiple pathophysiologic
mechanisms (inflammation, endothelial dysfunction, dysregulated coagulation), causing functional status deterioration in patients with chronic HF,
combined with thrombotic and arrhythmic complications. De-novo HF in patients with COVID-19 is another frequent complication, often associated
with right ventricular dysfunction. Beyond the acute manifestations of COVID-19, the long-term consequences of SARS-CoV-2 infection on the heart
should not be neglected. Myocardial injury may be identified in a significant proportion of recovered individuals, with uncertain prognostic
implications. Finally, vaccination against SARS-CoV?2 is of great importance in patients with HF since it may lead to reduced morbidity and mortality.
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Introduction

The emergence of the severe acute respiratory
syndrome-Coronavirus 2  (SARS-CoV-2) with the
associated disease (coronavirus disease 19, COVID-19)
has led to a pandemic with increased morbidity and
mortality, along with a significant worldwide healthcare
burden. The main manifestation of COVID-19 includes
pneumonia and acute respiratory distress syndrome.
However, extrapulmonary manifestations are not
uncommon, and are associated with disease severity
and a poor prognosis. Additionally, many risk factors
have been related to disease progression, such as heart
failure (HF). The aim of this mini-review is to describe
the importance of the interaction between HF and
COVID-19.

COVID-19 in heart failure patients

Individuals with comorbidities are frequently faced
with an increased risk of severe COVID-19 course and
mortality, such as those with cardiovascular disease. In
this particular patient subpopulation, mortality could
even be 4-fold higher compared to the general
population.1 More specifically, congestive HF is an
independent prognostic factor of in-hospital mortality z
Such patients have impaired immunity, are frail, and
have limited ability to overcome the hemodynamic
consequences of severe infections. It has been shown
that, in HF patients, monocytes secrete pro-
inflammatory  cytokines compared to healthy
individuals.” When this is combined with the
hyperinflammatory reaction to COVID-19, optimal
cardiac function and cardiac output are required, which
are not feasible in failing hearts.

In patients with chronic HF, SARS-CoV-2 infection and
COVID-19 can lead to acute decompensation of
functional status, due to multiple mechanisms. Initially,
the secretion of pro-inflammatory cytokines and the
mobilization of macrophages and granulocytes leads to
a cytokine storm that may exacerbate the preexisting
injury.“’ Endothelial dysfunction and generalized
endotheliitis are cardinal features of COVID-19
pathophysiology, which can have detrimental
consequences for patients with HEF.°

The increased metabolic demands could potentially
lead to cardiac dysfunction and either de novo HF or
acute decompensation of chronic HF. At the same time,
in septic conditions, coagulation abnormalities and
platelet activation could have a hazardous effect.””’ The
thrombotic complications of COVID-19 are well-known,
and their non-negligible incidence may lead to the need
for anticoagulation in hospitalized patients.8 Acute
kidney injury represents an additional aggravating factor
during COVID-19, which could promote volume overload
and HF decompensation.9 Lastly, the use of various
medications for COVID-19 management has been
associated with proarrhythmic effects, such as QT
interval prolongation, ventricular arrhythmogenesis, and
sudden cardiac death.

Patients with HF with a left ventricular assist device
(LVAD) represent a unique subgroup, characterized by a
different inflammatory profile with disrupted cellular
immunity and a higher proinflammatory cytokine
burden.**™ However, there is no certain proof that this
leads to an increased risk of SARS-CoV-2 infection. The
optimal preload and afterload in such patients are
critical in order to maintain cardiac output in infectious
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conditions. In case of hemodynamic abnormalities,
many complications, such as right HF and device
thrombosis, may ensue." Early case reports with
coexisting COVID-19 and LVAD mentioned described the
presence of persisting hypoxia and right heart failure,
with multiorgan failure as the end result (13). The
management of such patients should include their
placement in a prone position, along with optimal
medical therapy.

Heart failure as a COVID-19 manifestation

Among patients hospitalized for COVID-19, the
incidence of de novo HF may reach 33% in patients who
required admission to an intensive care unit (14). In a
Spanish cohort of 3080 patients hospitalized for COVID-
19, the incidence of acute HF was 2.5%, and its
development was associated with high rates of mortality
that approached 50%. It should be stressed that 78% of
patients with acute HF did not have a history of chronic
HE." Pathophysiologic  mechanisms  such  as
inflammation and thrombosis are able to promote the
development of HF. Beyond those, the activation of the

sympathetic nervous system, along with SARS-CoV-2-
induced myocardial damage and myocarditis are equally
important in cardiac dysfunction development.

Right ventricular dysfunction is a common
phenomenon in COVID-19 due to the close relationship
between the right ventricle and pulmonary circulation.
Therefore, right HF contributes to swift hemodynamic
destabilization, the incidence of arrhythmias and sudden
cardiac death. Right ventricular dilatation is a frequent
finding in autopsy studies of patients with severe
COVID-19." Subsequently, echocardiographic studies
identified a significant proportion of right ventricular
dilatation (12-15%) and dysfunction (16-35%), along
with increased pulmonary artery systolic pressure, even
in subjects without known cardiac disease.”” " Right
ventricular remodeling in such patients was associated
with a 2-fold increase in mortality. Furthermore, many
patients with severe COVID-19 require positive pressure
ventilation, which affects preload, afterload, and
ventricular coupling, negatively impacting right
ventricular function.

COVID-19

Figure 1. Graphical presentation of the Covid-19 and heart failure interrelationship.
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Long-term cardiac consequences of COVID-19

The long-term influence of SARS-CoV-2 and COVID-19
in various organ systems is a matter of extensive
scientific investigation, since patients report persistent
symptoms such as fatigue, dyspnea, and palpitations
several months after the acute phase of the disease.”’
Concerning cardiac complications, subacute myocarditis
and prolonged inflammation are factors that aid HF
development.21 Furthermore, endothelial dysfunction
may be evident months after SARS-CoV-2 infection.® In
this context, the use of cardiac magnetic resonance
imaging can provide useful data regarding the presence
and the degree of injury, even in patients with mild

symptoms during the acute phase of COVID-19.
According to study results, it appears that cardiac
involvement two months after the infection is evident in
a significant proportion of patients, especially those
with persisting symptomology.22 In a study of athletes
after COVID-19, persisting myocarditis was noted in 15%
and previous myocardial injury in 31%.” The
echocardiography study is also useful, as it can reveal
the presence of diastolic dysfunction, abnormal left
ventricular myocardial deformation, and pericardial
effusion.”**® The importance of those findings has not
been explored, however. Nonetheless, it should be
stated that persistent myocardial injury and ensuing
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fibrosis are independent factors for chronic HF
development.27 Therefore, prompt recognition and
continuous follow-up of those patients, along with the
initiation of cardioprotective medication (renin-
angiotensin-aldosterone system blockers, sodium-
glucose cotransporter 2 inhibitors) may lead to positive
outcomes.

Management of patients with heart failure during the
COVID-19 pandemic

The implementation of social distancing measures and
the prohibition of movements could indirectly affect
patients with chronic HF.?® The limited accessibility to
healthcare facilities and the fear of contracting SARS-
CoV-2 infection are deterring factors for patients with
HF regarding the programmed follow-up visits. The lack
of close surveillance may have deleterious
consequences on their prognosis. Therefore, informing
HF patients about the need for frequent medical
evaluation, including visits to specialized centers, is
warranted even during the pandemic.

The establishment of remote monitoring may be an
acceptable alternative, since a greater attendance could
be achieved, without increasing the rates of
hospitalization or mortality. Despite the fact that a
thorough clinical examination cannot be conducted
remotely, the detection of certain features of
congestion (lower limb edema, jugular vein distention)
in conjunction with registration of body weight and vital
signs could adequately guide the attending physician
toward the optimal management of the patient. Remote
pulmonary artery pressure monitoring is another
alternative for the physicians of patients with HF. The
management of those patients according to this
parameter has led to significantly lower rates of
hospitalization for chronic HF decompensation due to
the constant optimization of medical therapy.zg.

SARS-CoV-2 vaccination in heart failure patients

As previously mentioned, the presence of HF,
especially in the elderly or frail individuals, is a potent
risk factor for poor prognosis in COVID-19, leading to
multiple complications and the need for intensive care
unit admission with mechanical support of respiratory
and cardiac function. On this basis, vaccination against
SARS-CoV-2 in patients with HF is indicated, similarly to
influenza and pneumococcal vaccination.* Large clinical
studies of vaccines against SARS-CoV-2 included patients
with HF and confirmed their efficacy and safety in this
patient population.31'34Vaccination should be conducted
imminently, ideally in a stable, compensated HF state.®.
Iron replenishment in cases of coexisting iron deficiency
could potentially improve the vaccine’s efficacy.30
Following vaccination, the measurement of antibodies is

not essential, and the patients should strictly follow
preventive strategies (hand hygiene, wearing a face
mask, and keeping their distance).3OVaccination against
SARS-CoV-2 should be performed in immune-
compromised patients, such as those after heart
transplantation, despite the uncertain immune
response.Ss. Those patients, apart from the meticulous
compliance with the preventive strategies mentioned
above, may benefit from additional vaccine doses.

Attending physicians should be aware of the rare
complications such as thromboembolism and
myocarditis, without however discouraging vaccination
of HF patients for this reason.’® The development of
local hematomas is another complication which more
commonly affects subjects with thrombocytopenia or on
antithrombotic treatment.*® However, a serious allergic
reaction to vaccine components remains the only
contraindication to vaccination, whose prevalence is not
more common in patients with HE.*®

Conclusion

The presence of chronic heart failure is an independent
indicator of poor prognosis in patients with COVID-19,
as shown by the high morbidity and mortality rates in
this subgroup. Through multiple pathophysiologic
mechanisms, COVID-19 could lead to acute
decompensation of chronic HF, along with thrombotic
and arrhythmic complications. A de novo heart failure
development in COVID-19 patients is frequently
observed, and depends on right ventricular dysfunction.
Long-term cardiac consequences of SARS-CoV-2 are of
considerable clinical and scientific interest, as they are
noted in a significant proportion of convalescent
patients. At the same time, since patients with heart
failure are in need of frequent monitoring, the
implementation of social distancing measures could
have detrimental effects on their prognosis, warranting
the need for remote monitoring. Finally, vaccination
against SARS-CoV-2 is vital in patients with heart failure,
as it can lead to reduced morbidity and mortality rates.
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