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Introduction

Approximately 64.3 million people or 4.2% of
general population suffer from heart failure globally. Its
prevalence is various across the globes such as 2.5%
in USA, 3.5% in China, 4% in Germany, and 1.6% in
UK while its incidence is reported to be 3.3 per 1000
person-years. 5-year mortality rate from heart failure
ranges between 56% and 78% [1]. The mortality is
reported to be lower in high income countries, which is
40—-65%. In low- and middle-income countries, 2.2% of
total hospital admissions are due to acute heart failure
with mean in-hospital mortality of 8% [2].

Coronavirus disease-2019 (COVID-19) was first
reported in Wuhan, China in December 2019. Since then,
the disease spread throughout the world and was declared
as a pandemic on March 11, 2020 by the World Health
Organization [3], [4]. As per March 31, 2021, total cases
of confirmed COVID-19 are 127,877,462 with 2,796,561
deaths. Americas and Europe are regions with the highest
confirmed case number [5]. The etiology of the disease is
a novel positive-sense single-stranded ribonucleic acid
(RNA) beta-coronavirus, namely, severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2). The virus
belongs to Coronaviridae family [6], [7], [8], [9], [10], [11].
It is originally descended from bat and infecting human
through intermediate reservoirs such as civet [12].

Cardiovascular disorder including heart
failure and COVID-19 is interconnected. Subjects with

Globally, 4.2% population suffer from heart failure. The condition has a mortality rate between 56% and 78%.
Coronavirus disease-2019 (COVID-19) was first reported in December 2019 and became a pandemic since
March 11, 2020. As COVID-19 emerges, cardiovascular disorders including, heart failure, become one of the most
common comorbidity that increase the risk for contracting the disease. Heart failure and COVID-19 have reciprocal
relationship. Patients with heart failure are at higher risk for COVID-19 with more unfavorable outcome. COVID-19
itself may deteriorate pre-existing heart failure in the subject. This situation is mediated by the presence of angiotensin
converting enzyme-2 (ACE-2) in cardiac myocytes and pericytes, direct effect of viral invasion to myocytes and
pericytes, downregulation of ACE-2 which hampers cardiovascular function, and uncontrolled inflammation known
as cytokine storm. Prudent management, including implementation of telemedicine, continuation of ACE inhibitor
and angiotensin receptor blocker, and medications’ side effects monitoring, is important in managing patients with
coexisting heart failure and COVID-19.

underlying cardiovascular disorders have increased
risk for suffering from COVID-19. In the other hand,
COVID-19 itself may deteriorate existing cardiovascular
disorder in a patient [3], [6]. In addition, during the
COVID-19 pandemic, the number of patients with
heart failure visiting hospitals and health centers for
routine follow-up is declining. As the consequence,
patients are commonly admitted to hospital with more
severe conditions and unfavorable outcome [13]. In this
paper, we will discuss about the reciprocal relationship
between heart failure and COVID-19.

Brief COVID-19 Overview

COVID-19 is a disease caused by SARS-
CoV-2 [14], [15], [16]. SARS-CoV-2 shares 96.2% of
its property with bat coronavirus. The virus is round
in shape with approximate diameter of 60—140 nm.
Previously, coronaviruses have caused two disease
outbreaks, namely, severe acute respiratory syndrome
and Middle East respiratory syndrome [16]. The virus
invades host’'s cell through angiotensin converting
enzyme-2 (ACE-2) as the receptor [14], [15], [16], [17].
The spike glycoprotein (S protein) of the virus binds
with ACE-2 and starts membrane fusion. The fusion is
also facilitated by transmembrane serine protease 2.
After the fusion, viral RNA is released into the host cell.
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RNA will undergo translation into viral proteins. The
proteins together with viral RNA are assembled to
form new viruses and released from host cell through
exocytosis. This process results in host cell damage
and invasion of new cells [16], [18], [19]. Viral invasion
also downregulates the ACE2 and stimulates renin-
angiotensin-aldosterone system activation which
promotes organ specific injury [19].

Diagnosis of Heart Failure in COVID-19

The diagnosis of heart failure in COVID-19 is
similar with the diagnosis in general population. Heart failure
is a clinical syndrome and may be diagnosed clinically.
Framingham criteria for heart failure were first published in
1971 and have been used widely. The diagnosis of heart
failure is established if a patient has two major or one major
plus two minor criteria concurrently (Table 1) [20].

Table 1: Framingham criteria for diagnosis of heart failure

Minor
1. Ankle edema
2. Night cough

Major
1. Paroxysmal nocturnal dyspepsia
2. Neck-vein distension (not counting supine
position)
3. Rales in the presence of unexplained dyspnea 3. Dyspnea on ordinary exertion
4. Cardiomegaly and pulmonary hilar congestion 4. Hepatomegaly
(by X-ray in absence of left to right shunt), or
increasing heart rate
5. Acute pulmonary edema described in hospital 5. Pleural effusion
records
6. Ventricular gallop

6. Decreased vital capacity by one-
third from maximum records

7. Increased venous pressure (>16 cm H20 from 7. Tachycardia (2120 beats/min)
right atrium)

8. Circulation time (>24 s, arm to tongue)

9. Hepatojugular reflux

10. Autopsy shows pulmonary edema, visceral

congestion, cardiomegaly
Major or minor: Weight loss (24.5 kg) in 5 days, in response to heart failure therapy.

Further examination needed to evaluate
cardiacfunction is echocardiography. Echocardiography
is also important in assessing hemodynamic status of
patients. Catheterization may be conducted as needed
by always considering its risk and benefit since the
disease is highly contagious [15]. In addition, auxiliary
examinations related to heart failure in COVID-19
patients are significantly worse compared to the results
in subjects without COVID-19. The level of cardiac
biomarkers including N-terminal-proB-type natriuretic
peptide, troponin-l, and creatine kinase-myocardial
band is higher in deceased and severely infected
COVID-19 patient [14], [15], [17]. Troponin level is also
positively correlated with the presence of cardiovascular
manifestations in patients with COVID-19 [17].

Pathogenesis of Heart Failure in COVID-19

There are several pathogenesis underlying
cardiovascular damage in COVID-19. ACE-2 is

present in alveolar epithelial cells, enterocytes,
vascular endothelial cells, and cardiac myocytes and
pericytes. This causes the presence of cardiovascular
manifestations in COVID-19 [18], [21]. Direct effect of
viralinvasion causes damage to myocytes and pericytes.
Downregulation of ACE-2 also causes diminishing of
its protective effect against inflammation and fibrosis.
In addition, diminished ACE-2 will increase the effect
of angiotensin Il and activation of renin-angiotensin-
aldosterone system. Blood pressure will be dysregulated
and uncontrolled. Increased coagulation state is
observed in patients with COVID-19. Hypercoagulability
tends to increase the risk of thrombus formation. If the
thrombus obstructs coronary vessel, cardiac function
will be impaired. Finally, uncontrolled inflammation
in COVID-19 or widely known as cytokine storm
hampers all organs’ function including cardiovascular
by deteriorating myocardial contraction and increases
body’s metabolic demand, particularly oxygen.
Cardiovascular damage is represented as arrhythmia
and myocarditis. Besides, increased metabolic demand
may surpass the fulfillment ability of host’s body. All of
the conditions impair normal cardiac function and result
in heart failure [1], [14], [15], [16], [17]. Heart failure itself
can be deteriorated and causes cardiogenic shock. The
incidence rate of cardiogenic shock in COVID-19 is
reported to be 8% [16], [17].

Association between Heart Failure and
COVID-19

The disease course and outcome of
COVID-19 are associated with the presence of
comorbidities in each subject. Subjects with underlying
comorbidities tend to suffer more severe course of
COVID-19. Cardiovascular disease is one of the most
common accompanying comorbidities in COVID-19
patients [13], [14], [15], [16], [17], [21]. Patients with
existing cardiovascular disease have a mortality rate
above 10% [15]. Another report stated that COVID-19
patients with heart failure had higher mortality rate
compared to those who do not have heart failure
with odds ratio of 1.42 [22]. Approximately 4—40% of
COVID-19 patients have cardiovascular diseases as the
comorbidity [14]. Furthermore, a quarter and one-third
of patients admitted to hospital and intensive care unit,
respectively, suffer from new onset of heart failure [15].
Pre-existing congestive heart failure and hypertension
have been proven to increase in-hospital mortality of
COVID-19 patients as high as 2.35 and 1.52 times,
respectively. Furthermore, COVID-19 itself may cause
new incidents of cardiovascular disease and deteriorate
the existing ones [13], [14], [17]. COVID-19 increases
the risk of acute cardiac injury and cardiac arrhythmia
as high as 8.52 and 3.61 times higher [14]. Heart failure
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is present as the complication of COVID-19 in 17.1—
24 2% patients. Its incidence is significantly higher in
critically ill patients compared to non-critically ill ones
and in deceased patients compared to survivors [16].
Another study even reported a higher mortality rate
in COVID-19 patients with heart failure, which was
64% [23].

The increased morbidity and mortality from
COVID-19 in subjects with chronic heart failure (CHF)
are caused by reduced immunity, general frailty, and
hemodynamic incompetence to overcome the infection.
Subjects with CHF produce more TNF-o and less IL-10
compared to normal subjects. COVID-19 itself triggers
the release of pro-inflammatory cytokines; therefore,
inflammatory response from COVID-19 becomes more
severe. Severe inflammation requires high cardiac
performance in which subjects with CHF are incapable
of. This mechanism also causes exacerbation of
chronic CHF [13], [15]. On the other hand, subjects with
pre-existing cardiovascular diseases have elevated
myocardial expression of ACE-2, causing higher viral
invasion rate and worse outcomes [16].

Management of Heart Failure in COVID-19

For patients with COVID-19 and heart failure,
prudent utilization of intravenous fluid is mandatory.
Optimal preload must be reached before adding
inotropes [15]. The most common used medicine
to manage heart failure in low- and middle-income
countries are ACE inhibitors (57%), beta-blockers
(34%), and mineralocorticoid receptor antagonists
(32%) [2]. ACE inhibitor is safe in managing patients
with COVID-19 and heart failure. Studies reported that
ACE inhibitor does not worsen the disease course of
COVID-19 [15], [16], [18]. ACE inhibitors do not cause
increased ACE-2 expression [16]. Long-term utilization
of ACE inhibitors is also not associated with increased
susceptibility for contracting COVID-19 [18]. This is
supported by findings of a study in Denmark. The study
found that prior use of ACE inhibitors or angiotensin
receptor blocker (ARB) did not significantly increase the
susceptibility for suffering from COVID-19 nor worsen
clinical course or outcome of COVID-19. Discontinuation
of ACE inhibitor or ARB was not advised [21]. Another
study from Sweden even reported that the use of
ACE inhibitor or ARB gave protective effect against
hospitalization or death from COVID-19 as much
as 0.86 times compared to general population [19].
Vasopressors should be the last drug of choice [15].

Cardiovascular side effects of COVID-
19 medications should be kept in mind [15].
Hydroxychloroquine is a potential cause of prolonged
QT interval and torsades de pointes. Azithromycin,
lopinavir/ritonavir, and favipiravir are also possess the

side effect of prolonged QT interval [15], [17]. Antivirals
are also interact with warfarin which commonly
consumed by heart failure patients with left ventricular
assist devices. In case of cardiogenic shock, veno-
venous extracorporeal membrane oxygenation is
proven effective [15].

Since lockdown is applied in almost all areas
globally, further follow-up for patients with COVID-19
and heart failure becomes limited. This leads to delayed
management of decompensation episodes together
with difficulties in assessing therapeutic response.
In addition, lifestyle changes during lockdown have
increased the risk of decompensation [13]. For
discharged COVID-19 patients with heart failure, remote
monitoring is advisable. This method may reduce
outpatient visits and decreases the possibility of disease
transmission. Besides, remote monitoring will increase
the patients’ compliance [24]. Structured telephone
support is the most simple and affordable method of
remote monitoring. This method has been proven not
to increase hospitalization in patients with heart failure.
In patients with coexisting heart failure and COVID-19
with mild to moderate symptoms, this method is really
useful both in maintaining home isolation and monitoring
heart failure [13]. Virtual visits by video calls may be
conducted in patients with stable heart failure. By virtual
visits, inspection of clinical signs such as edema and
jugular venous distension may be conducted. Remote
monitoring does not increase the rate of emergency
room visit, readmission, or death [13], [24]. Another
option is home monitoring by health-care professionals.
This approach provides more complete data including
vital signs, physical examination, and simple auxiliary
examinations [13], [15]. Utilization of advanced
technology such as CardioMEMS offers particular
benefits such as real time and continuous vital sign
monitoring. However, direct outpatient clinic visit is
still mandatory if the patient needs medical attention.
Self-monitoring should be applied by all patients with
heart failure including drug adherence, low-salt diet,
and symptoms monitoring [15]. However, application
of telemedicine methods should be accompanied by
privacy protection since patient’s confidential information
is shared. The practice of telemedicine should follow
local regulation regarding data encryption [13].

Conclusion

Heart failure and COVID-19 possess reciprocal
relationship. Heart failure increases the susceptibility
of contracting COVID-19 and COVID-19 deteriorates
pre-existing heart failure. The diagnosis of heart failure
in subjects with COVID-19 is similar with general
population. The presence of heart failure increases
morbidity and mortality of COVID-19 patients. Prudent
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management of heart failure in patient with COVID-19
including application of telemedicine is advised.
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