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Abstract
SARS-CoV-2 infection affects multiple organs and 

systems, including the cardiovascular system. Cardiovascular 
complications include myocarditis, pericarditis, acute coronary 
syndrome, acute heart failure (HF), pulmonary hypertension, 
right ventricular dysfunction, and arrhythmias. Inflammation is 
a mechanism that is present in both COVID-19 and HF. The 
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mechanisms of myocardial injury due to COVID-19 include 
direct damage by the pathogen, hypoxemic stress, endothelial 
dysfunction with associated thromboembolic phenomena, 
and effects of systemic inflammatory syndrome. Impaired 
cardiopulmonary reserve makes patients with chronic HF 
more susceptible to decompensation during the course of 
COVID-19. Coronary and pulmonary vascular alterations lead 
to worse prognosis in relation to ischemic and thromboembolic 
events. These patients have longer hospital stays, increased 
risk of mechanical ventilation, and higher mortality. 

COVID-19 increases the incidence of cardiovascular 
complications in the first 12 months after acute infection, 
including cerebrovascular, arrhythmic, thromboembolic, 
and ischemic events, in addition to inflammatory heart 
disease. An increased risk of developing HF with preserved 
ejection fraction has also been reported. During the 12 
months following acute infection, myocardial injury has been 
associated with persistent symptoms, as well as increased rates 
of hospital readmission and mortality.
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Patients with HF hospitalized for 
COVID-19 have:

•	 Increased mortality
•	 Longer length of stay
•	Higher complication rates
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•	Higher HF admission rates
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Therefore, HF is related to increased mortality, length of 
hospital stay, and incidence of complications in patients who 
are affected by SARS-CoV-2, and individuals with chronic 
HF who have COVID-19 show a higher rate of events during 
post-COVID follow-up. 

Introduction
Coronavirus disease 2019 (COVID-19), which is caused by 

the SARS-CoV-2 virus, has resulted in more than 700 million 
people becoming ill, with approximately 6.9 million deaths 
worldwide, according to the World Health Organization. 
Illness due to SARS-CoV-2 infection affects multiple organs 
and systems, including the cardiovascular system. Acute 
cardiovascular complications of COVID-19 infection include 
myocarditis, pericarditis, acute coronary syndrome, acute 
heart failure (HF), pulmonary hypertension, right ventricular 
(RV) dysfunction, and arrhythmias.

Medium-term follow-up has shown that, even after 
recovery from acute infection, there is an increased incidence 
of many of these complications (arrhythmias, HF, coronary 
ischemic events), in addition to arterial hypertension, diabetes 
mellitus, and myocardial fibrosis.1,2

HF is among the leading causes of mortality and morbidity 
worldwide, and it is associated with high resource use and 
health care expenditures. Due to population aging and 
improved care and treatment, the prevalence of HF has 
rapidly increased. It is estimated that 26 million people suffer 
from this clinical syndrome. In Brazil, the prevalence of HF is 
approximately 2 million patients, and its incidence is 240,000 
new cases per year.3 HF is associated with increased mortality 

and increased incidence of complications in patients who 
become ill with SARS-CoV-2. Nonetheless, few studies have 
evaluated the long-term effects of COVID-19 on the progress 
of patients with chronic HF.

In this review, we will address the impact of HF as a 
comorbidity on the in-hospital progress of patients with 
COVID-19 and the impact of COVID-19 on the post-discharge 
progress of patients with chronic HF, as well as its impact on 
the incidence of HF.

Pathophysiology of myocardial injury in COVID-19
The mechanisms of myocardial injury due to COVID-19 

include direct damage by the pathogen, hypoxemic stress 
related to lung injury, endothelial dysfunction with associated 
thrombotic and embolic phenomena, and effects of systemic 
inflammatory syndrome (Figure 1). Postmortem studies have 
demonstrated the main histological patterns in the lungs and 
heart. In the lungs, they include diffuse alveolar damage with 
extensive hyaline membrane, edema, and microthrombi in 
small vessels. In the heart, they include massive inflammatory 
infiltrates with myocarditis, pericarditis, vasculitis, as well as 
foci of necrosis and vascular fibrosis.4 

Inflammation is a mechanism that is present in COVID-19 
as well as in individuals with HF. This shared pathophysiological 
mechanism may, in part, explain the development of acute 
ventricular dysfunction in COVID-19 and the worse progress 
of patients with chronic HF who have COVID-19.1 Rey et al. 
published a study with 3080 patients who sought emergency 
care with COVID-19 infection. Of these patients, 2.5% 
showed symptoms of acute HF at the time of admission, and 

Figure 1 – Mechanisms of myocardial injury in COVID-19 and their repercussions. Source: figure prepared by the authors.
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77.9% of acute HF cases were in patients who had no previous 
history of HF. Proportionally, patients with chronic HF had a 
greater percentage of acute HF (11.2% versus 1.8%).5 These 
data may reflect the damage caused by SARS-CoV-2 to the 
myocardium and vascular endothelium, with the release of 
large amounts of pro-inflammatory chemokines, promoting 
a prothrombotic state. Other viral infections, such as the 
influenza virus, may also cause direct myocardial damage 
and damage due to inflammatory mechanisms. In these cases, 
an increase in cases of HF decompensation during influenza 
infection has been documented, but it had a lower mortality 
rate than that recorded in COVID-19 (1.8% in patients with 
HF who were not vaccinated against influenza and 1.4% in 
those who were vaccinated). 

Cardiac arrhythmias, especially atrial tachyarrhythmias, 
have a higher incidence during viral infection. Patients with 
HF are even more susceptible to this complication, which 
is associated with increased hospital stay and mortality.6 
This increased incidence of cardiac rhythm disorders due to 
disturbances in myocyte cell membrane homeostasis is due 
both to the pathophysiological mechanisms of infection 
(inflammation and hypoxia) and to electrolyte disturbances 
related to renal dysfunction and muscle injury. Given that 
it is a prothrombotic state, episodes of atrial fibrillation/
flutter are associated with an increased occurrence of 
events such as stroke.

Myocardial injury is a marker of poor prognosis, because 
it is associated with higher mortality. It has been identified 
in 12% of patients with COVID-19, in 41% of patients 
with severe forms, and in 76% of patients who progressed 
to death.7 An increase in circulating endothelial cells was 
also associated with worse prognosis during COVID-19 
infection. Patients requiring intensive care unit admission 
have shown an elevated number of circulating endothelial 
cells. These cells originate from the desquamation of the 
vascular endothelium stressed by inflammatory injury, and 
they indicate a correlation between endothelial injury and 
organic dysfunctions in severe COVID-19.8

Inflammatory infiltration of the myocardium accompanied 
by vasculitis and followed by vascular fibrosis and 
necrosis culminates in reduced tissue oxygen supply and, 
consequently, impaired myocardial relaxation. Szekely et 
al. analyzed the echocardiographic images of 100 patients 
hospitalized for COVID-19 and identified that left ventricular 
(LV) systolic function was preserved in most patients, but LV 
diastolic function and RV function were impaired. Myocardial 
injury and clinical deterioration during patient follow-up 
are associated with acute RV dysfunction, regardless of the 
presence of deep vein thrombosis. During follow-up, 20% 
of patients developed acute LV systolic dysfunction.9 Similar 
findings were observed in a retrospective study from New 
York City including 105 patients with COVID-19 and similar 
age distribution. RV hypokinesia and moderate to severe 
tricuspid regurgitation were the most prevalent changes in 
patients hospitalized with COVID-19 and RV enlargement. 
Mortality was higher in patients with RV dysfunction when 
compared to patients without these echocardiographic 
alterations (41% versus 11%).10

Effects of HF as a comorbidity on the progress of patients 
with COVID-19

Patients hospitalized for HF in Brazil have shown a mortality 
rate of 12.6% according to data from the BREATHE study. 
This elevated value may increase when it is associated with 
COVID-19 as the cause of HF decompensation.11

Table 1 summarizes the main studies that have evaluated the 
effects of chronic HF on the outcomes of COVID-19. Impaired 
cardiopulmonary reserve makes individuals with chronic HF more 
susceptible to HF decompensation during the course of COVID-19. 
Vascular alterations in coronary and pulmonary circulation lead 
to worse prognosis in relation to ischemic and thromboembolic 
events. Garcia et al. studied a retrospective cohort with 6,439 
patients admitted with COVID-19. Their analyses allowed 
them to conclude that patients with chronic HF and COVID-19 
had a longer hospital stay (8 days versus 6 days; p < 0.001), 
increased risk of mechanical ventilation (22.8% versus 11.9%; 
adjusted odds ratio: 3.64; 95% confidence interval: 2.56 to 5.16;  
p < 0.001), and greater mortality (40.0% versus 24.9%; 
adjusted odds ratio: 1.88; 95% confidence interval: 1.27 to 
2.78; p = 0.002).12 Yonas et al. found similar data in a meta-
analysis with 18 published studies, totaling 21,640 patients. 
HF was associated with hospitalization in COVID-19 (hazard 
ratio: 2.37 [1.48; 3.79; p < 0.001], with high heterogeneity 
[I2 82%; p < 0.001]), worse outcomes (odds ratio: 2.86 
[2.07; 3.95; p < 0.001], with high heterogeneity [I2 80%; 
p < 0.001]), and greater mortality in patients with preexisting 
HF (odds ratio: 3.46 [2.52; 4.75; p < 0.001], with moderately 
high heterogeneity [I2 77%; p < 0.001]).13 

SARS-CoV-2 uses as its cell entry receptor angiotensin-
converting enzyme type 2 (ACE-2), a molecule that is 
abundantly expressed on the surface of endothelial cells, 
kidneys, lungs, heart, and other organs. The use of medications 
such as angiotensin-converting enzyme inhibitors (ACEI) and 
angiotensin receptor blockers (ARB) increases the expression 
of ACE-2 receptors in different tissues, including the lungs and 
heart. In spite of the hypothetical risk that the use of these 
medications could facilitate SARS-CoV-2 infection, there is 
evidence that patients with HF should continue using these 
medications, because the withdrawal of ACEI/ARB, beta-
blockers, or aldosterone antagonists has been associated with 
a significant increase in in-hospital mortality.5,12

During the COVID-19 pandemic, there was a significant 
reduction in seeking health care for chronic diseases, which 
include some of the most important cardiovascular risk 
factors: hypertension, diabetes, and dyslipidemia. Dale et al. 
analyzed data from the United Kingdom during a 3-month 
period of the pandemic and identified a significant reduction 
in the dispensing of medications for these comorbidities.14 It 
is difficult to estimate the direct impact of the reduction in 
care for these diseases and the increase in the incidence of 
cardiovascular complications, but they certainly potentiated 
the effects of the direct action of SARS-CoV-2 infection.

A retrospective cohort compared the number of hospital 
admissions due to HF, the average length of hospital stay, 
and the 30-day readmission rate before and during the 
COVID-19 pandemic. During the period evaluated, there 
was a reduction in the number of hospitalizations (774 versus 
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864; p < 0.001), while the mean length of stay (6.05 versus 
5.25 days; p < 0.001) and the readmission rate increased 
(20.6% versus 19.1%; p < 0.001).15

Effects of COVID-19 on exacerbation of pre-existing 
diseases correlated with chronic HF

COVID-19 symptoms can mimic HF decompensation. 
The 2021 update of the Brazilian Heart Failure Guideline 
recommends testing for SARS-CoV-2 by means of RT-PCR in 
both emergency room and outpatient settings.16

Some symptoms resulting from COVID-19 can persist for a 
long time after recovery from the acute infection, a condition 
known as long COVID. Huang et al. followed patients 
discharged after hospitalization for COVID-19 for 3 months. 
The team found that approximately 76% of cases persisted 
with at least one of the symptoms of fatigue, tiredness, myalgia, 
arthralgia, and insomnia.17 Salah et al. found an even higher 
percentage, with 87% of patients persisting with complaints 
of dyspnea and fatigue.18 

There is evidence that COVID-19 increases the incidence 
of cardiovascular complications in the first 12 months after 
acute infection. A prospective study demonstrated that 
the presence of myocardial injury was associated with the 
persistence of symptoms over the 12 months following acute 
infection, as well as increased rates of hospital readmission 
and mortality.19 Xie et al. identified a significant increase 
in cerebrovascular, arrhythmic, thromboembolic, and 
ischemic events, in addition to inflammatory heart diseases.20 
Individuals who have recovered from COVID-19 have a 90% 
additional risk of developing HF within the first 9 months after 
acute infection. This risk is directly influenced by age and 
history of systemic arterial hypertension, and it is higher in 
the initial period of recovery from the acute infection phase. 
However, this risk is not restricted only to this initial phase, 

and it is necessary to consider individuals who have recovered 
from infection as a risk group for future development of HF.1 
The pathophysiological mechanism by which COVID-19 
survivors are at an increased risk of HF has not yet been fully 
established. It is still unclear to what extent these complications 
are secondary to unique pathological processes, rather than 
direct consequences of acute infectious complications. Direct 
viral invasion of cardiomyocytes and subsequent cell death 
or infection of endothelial cells followed by complement-
mediated dysfunction, coagulopathy, and microangiopathy 
may represent some of the possible triggers.1

The risk of developing HF, particularly with preserved 
ejection fraction, may be related to prior presence of 
subclinical HF with preserved ejection fraction with 
consequent progression to a symptomatic stage, but it 
may also be the result of the myocardial inflammatory and 
microvascular ischemic process. This inflammatory process 
caused by SARS-CoV-2 may continue after recovery from viral 
infection, with persistent tissue infiltration of inflammatory cells 
and, in some cases, development of areas of fibrosis. Survivors 
of the COVID-19 pandemic may represent a population at 
risk for the future development of complications involving 
LV diastolic dysfunction, pulmonary hypertension, and RV 
dysfunction, especially those recovered from severe forms with 
severe hypoxemia and thrombotic complications.2

Few studies have evaluated the immediate and long-term 
risk in patients with HF who developed COVID-19. Most 
registries limited participant inclusion to patients hospitalized 
with COVID-19, did not stratify associated clinical events, and 
developed a short follow-up period ending this phase before 
the end of the pandemic. There are reports of a substantial 
increase in mortality rates during the year following COVID-19 
infection, with rates ranging from 1.3% to 12%.17,21,22 These events 
are often attributed to sudden cardiovascular death due to likely 
arrhythmic or thrombotic mechanisms.

Table 1 – Effects of chronic HF as a comorbidity on the outcomes of COVID-19

Author Number of 
participants Main results 

Alvarez-Garcia et al.12 6,439
•	 Patients with chronic HF and COVID-19 had longer hospital stays, increased risk of MV, and greater 

mortality.
•	 Regardless of LVEF or use of ACEI/ARB, there was no difference in these outcomes. 

Rey et al.5 3,080

•	 There was a higher incidence of acute HF during COVID-19 infection in patients with prior history of HF 
(11.2% versus 2.1%; p < 0.001). This increased incidence of acute HF was accompanied by higher  
NT-proBNP levels and higher mortality rates (48.7% versus 19.0%; p < 0.001).

•	 Patients without prior history of HF who developed the acute form also had higher mortality compared to 
patients who did not develop this complication (46.8% versus 19.7%; p < 0.001). 

•	 The withdrawal of ACEI/ARB, beta-blockers, and aldosterone antagonists was associated with a 
significant increase in in-hospital mortality. 

Yonas et al.13 21,640
•	 HF was associated with increased hospital and ICU admission rates, need for MV, and unfavorable 

outcomes (severe forms of COVID-19 and death).
•	 Prior history of HF was associated with greater mortality.

Pimentel et al.6 241

•	 Atrial tachyarrhythmias were the most frequent.
•	 Length of hospital stay was longer in those who presented cardiac arrhythmias.
•	 The occurrence of cardiac arrhythmias was more frequent in men, patients on MV, and those with a 

history of HF. 

ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; COVID-19: coronavirus disease 2019; HF: heart failure; ICU: intensive 
care unit; LVEF: left ventricular ejection fraction; MV: mechanical ventilation; NT-proBNP: N-terminal pro-B-type natriuretic peptide.



ABC Heart Fail Cardiomyop. 2024; 4(4):e202400295

Review Article

Magalhães et al.
COVID-19 and Heart Failure

Table 2 – Effects of COVID-19 on the incidence of HF and on the outcomes of patients with chronic HF

Author Number of 
participants Main results

Son et al.25 2,152

•	 Myocardial injury caused by COVID-19 has a more severe clinical course in patients with CAD and HF 
(worse prognosis).

•	 There was no significant difference in relation to complications in patients who used ACEI/ARB and 
developed COVID-19.

Yonas et al.13 21,640 •	 There was an increase in the incidence of acute HF in patients without prior history.

Zuin et al.1 21,463.173
•	 Individuals who recovered from COVID-19 had a 90% additional risk of developing HF during the 

first 9 months after acute infection. This risk was directly influenced by age and history of systemic 
arterial hypertension.

Babapoor-Farrokhran 
et al.15 1,638

•	 A retrospective cohort study was conducted comparing the number of hospital admissions due to HF, 
the mean length of stay, and the 30-day readmission rate before and during the COVID-19 pandemic. 
During the period evaluated, there was a reduction in the number of hospitalizations (774 versus 864; p 
< 0.001), while the mean length of hospital stay (6.05 versus 5.25 days; p < 0.001) and the readmission 
rate increased (20.6% versus 19.1%; p < 0.001).

Bhatt et al.23 6,263

•	 Approximately 9.4% of participants developed COVID-19 during the study period, with almost half of them 
requiring prolonged hospitalization and 20% having a fatal outcome. 

•	 Participants diagnosed with COVID-19 had greater all-cause mortality after infection.
•	 This increase in mortality remained elevated even 3 to 6 months after diagnosis.

Greene et al.24 90,052

•	 In patients with history of HFrEF, a positive test for COVID-19 was identified as an independent 
factor for increased risk of death and worsening HF in outpatients, when compared to patients with 
HFrEF and a negative COVID-19 test. In patients with clinical criteria for HF stability at the time of 
the positive COVID-19 test, 33% had an unfavorable outcome (hospitalization or death) within  
5 months of follow-up.

ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; CAD: coronary artery disease; COVID-19: coronavirus disease 
2019; HF: heart failure; HFrEF: heart failure with reduced ejection fraction.

Bhatt et al.23 conducted a prospective, multicenter, double-
blind study with participants from 20 countries, titled DELIVER. 
The study included individuals with HF who had preserved or 
mildly reduced ejection fraction to evaluate the safety and efficacy 
of daily use of dapagliflozin 10 mg versus placebo. Approximately 
9.4% of participants developed COVID-19 during the study 
period, with almost half of them requiring hospitalization for a 
prolonged period and 20% having a fatal outcome. Participants 
diagnosed with COVID-19 were found to have higher all-cause 
mortality after infection. This increased mortality remained 
high even 3 to 6 months after diagnosis. The study excluded 
immediately fatal COVID-19 events and adjusted for covariates. 
Dapagliflozin demonstrated benefits in the treatment of HF, even 
during treatment for COVID-19.23

In a retrospective cohort including more than 90,000 
individuals, Greene et al.24 evaluated the impact of COVID-19 on 
patients with HF with reduced ejection fraction (HFrEF), in both 
hospital and outpatient settings. The main outcomes assessed were 
all-cause mortality at 30 and 90 days and the composite outcome 
of hospitalization and mortality. In these patients with HFrEF, a 
positive COVID-19 test was identified as an independent factor 
for increased risk of death and worsening HF in outpatients, when 
compared to patients with HFrEF and a negative COVID-19 test. 
In individuals with clinical criteria for HF stability at the time of 
the positive COVID-19 test, 33% had an unfavorable outcome 
(hospitalization or death) within 5 months of follow-up.24

Table 2 summarizes the main studies that have evaluated 
the incidence of HF and cardiovascular complications after 
COVID-19 infection.

Conclusions
HF is associated with increased mortality, length of hospital 

stay, and incidence of complications in patients who are affected 
by SARS-CoV-2. Individuals with chronic HF show a higher rate 
of exacerbation (acute HF) when they have COVID-19. There 
is likely an association between COVID-19 and HF through a 
shared pathophysiological mechanism centered on inflammation. 

Even after recovery from acute COVID-19 infection, there is 
an increased incidence of complications such as arrhythmias, HF 
(especially HF with preserved ejection fraction), coronary ischemic 
events, arterial hypertension, diabetes mellitus, and myocardial 
fibrosis. There are reports of a substantial increase in the mortality 
rate in the year following COVID-19 infection, often attributed 
to sudden cardiovascular death due to probable arrhythmic or 
thrombotic mechanisms.

Few studies have evaluated the effects of COVID-19 on 
patients with chronic HF after recovery from acute infection, and 
they are limited to short-term follow-ups and post-hoc studies. 
Further studies are needed to expand knowledge of the long-term 
cardiovascular impact caused by the pandemic.
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