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Abstract

The COVID pandemic has brought many new challenges worldwide, which has impacted on patients with chronic conditions. There is an
increasing evidence base suggesting an interaction between chronic heart failure (HF) and COVID-19, and in turn the prognostic impact of
co-existence of the two conditions. Patients with existing HF appear more prone to develop severe complications on contracting COVID-
19, but the exact prevalence in patients with mild symptoms of COVID-19 not requiring hospital admission is poorly investigated. In
addition, hospitalization rates for acute HF over the pandemic period appear reduced compared to previous periods. Several key issues
remain rather unaddressed and, importantly, a specific algorithm focused on diagnostic differentiation between HF and acute respiratory
distress syndrome, a severe complication of COVID-19, is still lacking. Furthermore, recent data suggests potential interaction existing
between HF treatment and some anti-viral anti-inflammatory drugs prescribed during the infection, raising some doubts about a universal
treatment strategy for all patients with COVID-19. With this manuscript, we aim to review the current literature in this field in light of
growing understanding of COVID-19 in the setting of the HF population, its associated morbidity and mortality burden, and the impact
on healthcare systems. We hope that this may stimulate a discussion to guarantee a better, more tailored delivery of care for patients with

HF in the setting of concomitant COVID-19 infection.
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Highlights

- Few studies specifically evaluated the exact impact
of HF and prognostic implications in infected patients; Sim-
ilarly the exact prevalence and consequences of COVID in
HF patients, remains unexplored.

- The modality of HF occurrence and pathophysiolog-
ical mechanisms causing acute HF during infection encom-
pass micro and macro vascular coronary damage, direct my-
ocyte injury, systemic inflammation and endothelial dys-
function, but it is not know the exact HF ethiology leading
to HFrEF or HFpEF.

- A precise diagnostic algorithm capable to differen-
tiate patients presenting with acute dypnea before to have
swab response is lacking and should be based on simple
clinical laboratory and chest diagnosticprocesses.

- Carefull attention should be deserved in patients with
both HF and COVID infection to avoid potential arrythmic
and heamdynamic consequences.

1. Introduction

Severe acute respiratory syndrome coronavirus
(SARS-CoV)-2, the cause of the COVID-19 illness, firstly
observed in Wuhan, China, in December 2019 and spread
to other areas worldwide, rapidly reaching pandemic
levels. The COVID pandemic has brought many new
challenges with substantial healthcare disruption including
unprecedented curtailment of elective work, transition
to remote consultations and significant fluctuations in
referral patterns to hospitals. The high rate of symptomatic
transmission has presented unique dilemmas in attempts
to contain the disease driving national lockdowns and
prompting shielding of vulnerable groups with significant
economical and societal impact. Failure of the COVID-19
vaccines to provide substantial protection against the Delta
and other mutant strains has made it clear that COVID-19
will continue to be a coexistant clinical problem with heart
failure (HF) that requires early treatment in order to reduce
the risks of hospitalization and death. The disruption to
healthcare has inevitably and particularly affected patients
with many chronic health conditions [1,2].
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Whilst most people contracting COVID-19 appear to
have an initally mild burden of symptoms of cough and
fever, worsening to a modest infection with symptoms mir-
roring influenza, the acute phase of COVID can cause pneu-
monia and respiratory failure with associated significant
mortality [3]. Infection with COVID-19 also appears to
bring additional specific features in some, which include
increased thromboembolic risk, leading to deep vein throm-
bosis, stroke and myocardial infarction. Given that studies
have focused on the more severe end of the disease spec-
trum and that the majority of infected patients do not re-
quire admission to hospital, the true prevalence remains un-
known. Thus, patients with HF should receive where avail-
able intravenous administration of monoclonal antibodies
(e.g., casirivimab and imdevimab) against the SARS-CoV-
2 spike protein followed by sequenced multidrug therapy
with a protocol to best manage viral replication, cytokine
storm, and possibly to prevent immune thrombosis events

[4].

A recent large database study showed an higher risk
for hospitalized HF patients and COVID-19 diagnosis, with
nearly 1 in 4 dying during hospitalization [5]. In parallel,
an Italian registry also studied mortality in hospitalized HF
patients contracting COVID-19 and found this was associ-
ated with significant risk for multi organ complications [6].
Although initial studies showed that patients specifically
affected by chronic HF are classified as at high risk, HF
has often been included among all the other cardiovascu-
lar disease (CVD) causes of admission, and few early stud-
ies specifically evaluated the exact impact of HF and prog-
nostic implications in infected patients [7]. Given the high
rates of symptomatic infection, the exact prevalence of HF
patients, and indeed of total cases of COVID-19 remains in-
completely unexplored. Additionally, thorough investiga-
tion of whether HF patients contracting COVID-19 develop
a more severe clinical manifestations because of direct car-
diac damage or because of their frailty related to systemic
and metabolic associated diseases, remains incomplete. In
order to address the relationship existing between COVID-
19 and HF, and to provide specific recommendations, the
European Society of Cardiology and Chinese Heart failure
societies have recently developed a joint document focused
on the management for patients with both diseases [8]. Fi-
nally, exploration of interactions between HF and COVID-
19 is hampered in subjects presenting with acute dyspnoea
as it can be challenging to distinguish between those with
SARS related COVID manifestations and those with acute
HF related symptoms. A standardized diagnostic screen-
ing approach focused on diagnostic differentiation between
acute HF (AHF) and SARS related COVID-19 infection is
lacking. Finally, some discordances exist in patients with
both HF and virus infection: some reports showed a worse
outcome in patients with both HF with reduced ejection
fraction ( HFrEF) and preserved ejection fraction (HFpEF)
[9,10], whereas a recent paper suggests low EF is related

with adverse event increase [11]. In this current manuscript,
we aim to review literature focusing on the interplay of HF
and COVID to prompt interventions that might guarantee a
better management and outcomes for patients with HF and
COVID-19.

2. Direct Cardiac Effects of COVID-19
Infection

It has become clear that cardiac involvement is not
uncommon in the setting of COVID-19 infection with
biomarkers of cardiac injury and stress, such as natriuretic
peptides and troponin, found to be elevated in about 25%
of those with a severe COVID-19 infection and associated
with a bad prognosis. Several studes have demonstrated
acute cardiac injury such as myocarditis, myocardial stress
and cardiomyopathy [12—15]. Furthermore, early work
demonstrated that patients with pre-existing cardiac condi-
tions are more susceptible to severe COVID manifestations
however, it is unclear if their elevation reflects older age,
the high prevalence of CVD risk factors and pre-existing
CVD of those requiring hospitalisation, or direct effects of
the viral insult [16,17]. Some have suggested that COVID-
19 might invade the myocardium and cause direct damage
to myocytes. Possible proposed mechanisms for this in-
clude a key role of angiotensin receptors in the inflamma-
tory response [18]. Like the SARS-COV virus, the SARS-
COV-2 virus gains cell entry via binding of its transmem-
brane spike protein to host endogenous angiotensin convert-
ing enzyme (ACE)-2 proteins. ACE2 is a homolog of ACE
which, like ACE, acts directly on the renin-angiotensin-
aldosterone system. Binding of the virus to the ACE2 re-
ceptor induces downregulation of ACE expression which
may result in unopposed angiotensin II accumulation and
local renin-angiotensin-aldosterone system (RAAS) activa-
tion. This has the potential to exacerbate tissue injury and
promote inflammation and thrombosis. In the setting of HF,
where there is known maladaptive activation of the RAAS
with increased circulating levels of ACE2 secondary to re-
duced cardiac output, there has been speculation that the
biochemical environment commonly seen in the setting of
HF may increase susceptibility to COVID and could lead to
a more severe clinical course of the infection.

There are a few additional reasons to explain the
association between cardiac manifestations and, specifi-
cally, HF and poorer outcomes in COVID-19. Any se-
vere infection might cause tachycardia, increase myocar-
dial oxygen demand, and worsen cardiac function. Coex-
isting hypoxemia due to ARDS might impair oxygen trans-
port and delivery at the myocardium and peripheral mus-
cles, potentially triggering ischaemia, acidosis and oxida-
tive stress. COVID-19 can also cause coronary spasm or
plaque rupture, or endothelial inflammation with microvas-
cular obstruction and additional myocardial damage. En-
dothelial dysfunction and increased thrombogenic activity,
which are common in patients with HF, might be aggra-
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Fig. 1. Potential Mechanisms leading to Cardiovascular complication induced by infection, systemic inflammatory and endothe-

lial dysfunction may impair stable HF condition or promote a new HF onset.

vated by a COVID-19 infection and subsequent immobi-
lization, and cause ischaemia or infarction in the brain or
other organs. Dehydration might cause hypotension and re-
nal dysfunction, which may further enhance the activity of
the RAAS. Development of pulmonary hypertension sec-
ondary to SARS might aggravate symptoms, causing right
ventricular (RV) strain and dysfunction. Finally increased
thrombogenic activity may increase the risk of pulmonary
embolism leading to sudden right-sided HF [19,20]. Addi-
tionally, simultaneous acidosis or electrolyte unbalance and
myocardial inflammation may become potential triggers for
malignant arrhythmias [21]. The reduced arrhythmogenic
threshold may be also exacerbated by the use of some anti-
inflammatory drugs with potential interference with elec-
tromechanical activity such as QT prolongation (i.e., hy-
droxychloroquine, clarithromycin; Fig. 1).

2.1 Impact of HF on COVID Severity

A number of studies have explored the impact of pre-
existing HF, or the presence of ventricular dysfunction, in
terms of outcome from COVID infection. In France, Mat-
sushita et al. [22] performed a retrospective single centre
telephone study involving patients who had undergone per-
cutaneous coronary intervention (PCI) for acute coronary
syndrome (ACS) between 2014-2018. They divided the
population into those with a left ventricular (LV) ejection
fraction (LVEF) <40% (91 patients), or >40% (798 pa-
tients) at the time of PCI. The incidence of COVID-related
hospitalization or death was higher in patients with pre-
existing LVEF <40%. However two US studies did not
confirm a poorer outcome in HF patients regardless EF
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[10,11]. In an Italian multicentre registry study, Tomasoni
et al. [6] reported data from a multicentre registry study
on 692 patients who had tested positive for COVID. Mor-
tality was higher in those with known HF compared to no
HF even after adjustment for variables. Higher in hospi-
tal complications, including acute HF, acute kidney injury,
multi-organ failure and sepsis.

Rumery ef al. [23] in the USA studied a large group
of, predominantly male, veterans with and without pre-
existing HF. They noted a higher 30 day mortality and ad-
mission rate with COVID in those with known impaired
LVEF <45%. Lassen ef al. [24] prospectively evaluated
echocardiographic parameters in patients with COVID-19
compared to controls. They found significantly reduced
global longitudinal strain (GLS), LV diastolic function, and
RV function in COVID cases. Those with LV/ RV dysfunc-
tion were more likely to die from COVID. Tricuspid an-
ular peak systolic excursion (TAPSE), LVEF and GLS on
univariate analysis was associated with an increased risk of
death and TAPSE and GLS remained significant on mul-
tivariate analysis even with exclusion of those with pre-
existing HF.

2.2 Impact of COVID and Pre-Existing HF on HF
Admissions

With the impact worldwide on the provision of health-
care and restrictions, there have been clear temporal
changes in referral patterns to hospitals over the course of
the pandemic. Numerous studies, spanning the globe, have
demonstrated a reduction in admissions to hospital with
AHF, in line with other emergency presentations, such as
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ACS during the peaks of the pandemic [25-30], Collec-
tively, these studies demonstrated a reduction in AHF ad-
missions at the time of peak of the pandemic compared
to corresponding periods the previous year or prior to the
pandemic which later returned to normal/near-normal as
COVID cases dropped. This suggests a reluctance at re-
ferrer or patient level to attend hospital until deemed abso-
lutely necessary. Indeed, one study demonstrated a relative
increase in admissions to hospital following media reports
encouraging patients to seek medical attention if necessary
[30]. Furthermore, this is supported by data showing that
the severity of AHF in terms of LVEF and NYHA class
was more advanced in those admitted [24]. The longer-term
consequences of this reduction in attendance to hospital re-
mains to be seen, however, in an interesting small study
in Austria by Sulzgruber et al. [31] they demonstrated a
reduction in ACS admissions in the period immediately af-
ter the outbreak compared to before and in parallel, with
a delay of around two weeks, they reported a rise in ad-
missions with AHF suggesting that delayed presentation to
hospital with ACS led to symptomatic ventricular impair-
ment. Some have demonstrated an increase in out of hospi-
tal arrests in the pandemic period which may relate to these
delays in presentation to hospital [32,33].

In addition, the rapid surge in COVID-19 admissions
critically impacted on healthcare delivery and did not spare
hospital staff, causing widespread shortage of doctors and
nurses, and the need to redeploy members of the cardiol-
ogy team to help with acute emergencies. With increas-
ing COVID infections, patients admitted with HF were less
likely to be admitted in cardiology wardsand were more
likely to have their treatment withdrawn [25,34,35]. The
effect of this again has not been fully evaluated to date
however, the lack of specialist input may have impacted on
outcomes and suggests that patients with HF were unable
to receive appropriate medical attention until their clinical
condition was extremely compromised. Importantly, due
to an older age, a greater number of comorbidities, and the
likelihood or a poor survival, many patients with heart fail-
ure may have been denied admission to intensive care unit
or were not considered for invasive treatments such as me-
chanical ventilation, which might have also contributed to
the increased mortality [36,37].

Studies in the setting of AHF have also demonstrated
worsened outcome since the onset of the pandemic which is
likely to be multifactorial and related to the points discussed
above. Doolub ef al. [28] examined short-term (30-day)
mortality and reported despite similar demographics in the
pre- versus post COVID groups, that age and COVID status
were independent predictors of mortality, driven by positive
COVID status (Table 1, Ref. [9,25-30,32-37]).

Finally, a number of studies have demonstrated impact
of pre-existing HF and development of AHF in relation to
outcomes during the COVID pandemic. In the study, by
Rey et al. [35] in Spain over 3000 patients with confirmed

COVID-19 infection were analysed. Patients with a previ-
ous history of HF were more prone to the development of
AHF (11.2% vs 2.1%; p < 0.001) and had higher levels of
N-terminal pro brain natriuretic peptide. Patients with pre-
vious HF had higher mortality rates at 30 days. Arrhyth-
mias during hospital admission and HF were the main pre-
dictors of AHF and patients developing AHF had signifi-
cantly higher mortality. Chatrath ef al. [36] investigated
the impact of concomitant COVID 19 infection in patients
in hospital with pre-existing HF. COVID-19 infection re-
sulted in significantly increased mortality in hospital with
more chance of acute kidney injury or myocardial injury.
In Brazil, Bocchi ef al. [38] performed a small retrospec-
tive study on 16 patients with advanced systolic HF compar-
ing a group admitted with HF who then developed COVID
in hospital versus those admitted with HF admitted with
COVID. They noted a worsening of HF with COVID with
more ionotropes/need for intra-aortic balloon pump or in-
tensive care and overall a high mortality rate. Interestingly,
they noted presentation of worsening HF with COVID in-
fection was of haemodynamic compromise rather than fever
or signs of systemic infection.

2.3 Impact of COVID on the Stable Chronic Population

The pandemic has brought worldwide disruption to the
provision of healthcare services for patients with chronic
conditions, such as HF. There has been curtailment of elec-
tive hospital investigations and treatment, including outpa-
tient clinic review and home visits, with changes to path-
ways in the acute setting. Access to primary services was
also limited to the most severe and urgent cases, with a mas-
sive reduction in referrals for CVD consultations [39]. The
nature of the pandemic has driven a transition to remote
consultations to facilitate perceived safer review of non-
emergency care. Given the burden on these services by pa-
tients with a diagnosis of HF, this has been studied specif-
ically in this context by a number of groups. In France,
Chague et al. [40] investigated the impact of national lock-
down in patients with known congestive HF. They investi-
gated patients in the outpatient setting by telephone during
the lockdown in France. They noted increased psychologi-
cal stress and worsened symptoms, reduced physical activ-
ity particularly in women and those living in urban areas.
Other lifestyle patterns were also altered with weight gain
common, tobacco use in smokers increased, and a reduced
adherence to salt and water restrictions. The study noted
good adherence to restrictions and reported no disruption to
access to medications. In the UK, a similar questionnaire-
based study with 1050 respondents reported higher anxi-
ety levels regarding COVID than HF, a reluctance to attend
hospital and some disruption to appointments and medica-
tion provision services [41]. Many hospitals cancelled car-
diology out-patient clinics, home visits and elective oper-
ations, and postponed important diagnostic investigations.
Access to primary services was also limited to the most se-
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Table 1. Epidemiological studies investigating HF hospitalization during the lock down period: despite a reduction in HF related hospitalization, admitted patients experienced a
more severe disease and complications.

First author Observational period Cohort Methods Main findings

Andersson January 1 to March Danish national data Incidence of HF hospitalization before and after the lockdown and new-onset HF diagnoses and HF hospitalizations for worsening HF were signifi-

C. et alll mortality for HF comparing Jan-March 2019 with March 2020 cantly lower in 2020 vs 2019 (0.63 versus 0.99 per 1000 person-years). Mortality

[30] was similar before and after the national lockdown

Cannata C. January 7 to June 14 South London hospitals UK Observational study comparing data from 7 January to 14 June 2020 Significant reduction in hospitalizations during the COVID-19 peak, followed by a

et al. [26] with those of the same period in 2019 return to 2019 levels. Increased in hospital mortality compared to previous period

Frankfurter March 1 to April 19 Toronto Hospital CN Hospitalization events for acute HF from March 1, to April 19, 2020 Decrease in ADHF-related visits and admissions was observed (8.6%—78.5%, p =

C. et al and 2019 in an urban hospital 0.009). A trend toward an increase of in hospital mortality during infection surge

[34] compared with 2019

Bromage  March 2 to April 19 King’s College Hospital, London National Heart Failure Audit for England and Wales, between 2 A significantly lower admission rate for AHF was observed during the study pe-

DL et al March—19 April 2020 were compared to same period in 2017 to riod compared to all other periods (4 vs 10.5 weekly admission in COVID vs pre

[25] 2019 COVID period), but hospitalized patients had more severe symptoms at admission

Cox Z. et al. March 22 to April 20 Vanderbilt University Medical AHF hospital census from March 22nd to April 20th 2020 relative Decreased number of hospitalization compared with same period of previous year

[29] Center, US to the same calendar day in 2019 (—11 £ 12% vs 46 £ 16%)

Rey JR. et March 1 to April 20 Madrid Hospital Spain Mortality rate in patients with COVID-19 infection and a prior di- Infected COVID-19 patients with history of CHF are prone to develop acute de-

al. [35] agnosis of HF between 1 March and 20 April 2020 compensation. Patients with CHF showed higher mortality rates (48.7% vs 19.0%)

Bhatt AS. ef January 1 to March Retrospective analysis from Mass Premier Healthcare Database to identify patients with at least | HF A total of 23,843 patients were hospitalized with acute HF, 6.4% were hospitalized

al. [9] 30 General Brigham system US hospitalization or 2 HF outpatient visits between January 1, 2019, with COVID-19. 24.2% of patients hospitalized with COVID-19 died in-hospital
and March 31, 2020 compared to 2.6% of those without infection

Chatrath N March and 6 May Retrospective single center study In-hospital mortality assessment in patients with chronic HF and Patients with HF and associated COVID-19 had a significantly increased inpa-

etal. [36] 2020 examining patients with chronic associated COVID-19 infection tient mortality compared with hospitalized HF patients without infection (50% vs

HF admitted in London hospital 10.6%)

Baldi E ef February 21 to april Lombardia region Italy Lombardia Cardiac Arrest Registry measuring out-of-hospital car- 362 cases of out-of-hospital cardiac arrest were identified, as compared with 229

al. [32] 20 diac arrests from February 21 through March 31, 2020 with those cases identified during the same period in 2019 Out hospital Cardiac arrest oc-
that occurred during the same period in 2019 curred much more during pandemic period with 52% increase compared with 2019

Marijon E et March 16 to April 26 Observational registry from Paris, observational study using data for extra hospital cardiac arrest, sys- the maximum cardiac arrest incidence weekly increased from 13.42 to 26.64 per

al. [33] France tematically collected since May 2011 million inhabitants, in the final weeks of the pandemic period; the proportion of
patients who had cardiac arrest admitted alive decreased from 22.8% to 12.8% in
the pandemic period

Doolub G et 7 January to 27 April South west England UK single-centre observational study, examining referrals to the acute Early period reveals a reduction in hospitalization and mortality respect to late

al. [28] heart failure team over a period between 7 January to 27 April 2020 period. The 30 day case fatality rate was increased by 10% during late period

Severino P 21 February to 31 Multicenter retrospective Italian retrospective analysis on HF admissions at eight italian hospitals Significant hospitalization reduction compared with previous year. Admitted pa-

etal. [27] March study throughout 21 February to 31 March 2020, compared with an inter- tients were in more advanced NYHA class; mean admission rate during the case
year period (21 February to 31 March 2019) and an intra-year period period was 2.80 per day, compared with intra-year period 3.94 per day; or with
(1 January to 20 February 2020) inter-year 4.92 per day

Christensen December 17, 2020 nationwide Danish study Nationwide survey identifying all first-time admissions for HF, Is- Incidence of new-onset heart failure and atrial fibrillation remained stable com-

DM et al. to January 2021 chemic heart disease Ischemic stroke and atrial fibrillation during pared tom the previous year, with significant drop in new-onset ischemic heart

[39] first five weeks of the second Danish lockdown disease and stroke
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vere and urgent cases, with a massive reduction in referrals
for CVD consultations [39]. All of this might have led to
sub-optimal management and under-diagnosis of new HF
cases in the community and to a decreased rate of HF hos-
pitalizations, and may have contributed to a substantial in-
crease in the rate on fatal adverse CVD events, in hospital
and in the community.

The strategies put in place to limit spread of the din-
fection, have resulted in patients with chronic conditions
not receiving face to face specialist input for far longer
than was expected at the outset. Many did not have their
treatment optimised, and as a result may have deteriorated.
As the burden of the pandemic starts to ease in general
terms, there is now a need to understand that COVID-19
may have a permanent presence and a balance must be stuck
to enable patients to obtain necessary reviews while avoid-
ing unnecessary infections. In contrast however, already
stretched healthcare systems have developed novel strate-
gies to deal with patients remotely, such as video consul-
tations and home telelemonitoring which, coupled with in-
person care, may result in more regular contact and ulti-
mately benefit patients living with chronic conditions. Re-
cent experience in New York with a multisensor device may
suggest the beneficial effects of current approach in reduc-
ing both hospitalization and infection [42]. Furthermore,
many patients, faced with restrictions have taken more own-
ership of their health and well-being and this can only be a
good thing in a wider sense (Table 1).

3. How Can We Differentiate AHF and Acute
Respiratory Distress Syndrome (ARDS) in
COVID Patients?

Distinguishing between these two conditions may be
difficult in absence of specific diagnostic criteria; a rapid
and customized algorithm may help clinicians at the bedside
deliver optimal care. A detailed history and clinical exami-
nation can be very useful for diagnostic differentiation. Up
to 80% of patients admitted with COVID-19 have, or have
recently had, fever, which often resists to antipyretic treat-
ment, and gastrointestinal symptoms. The recent onset of
exertional breathless, persistent cough and orthopnea would
suggest an infection, but does not exclude HF. Isolated pul-
monary crackles or diffuse reduction in pulmonary venti-
lation associated with tachypnea, are much more sugges-
tive for a respiratory infection, not necessarily secondary to
COVID-19, and blood cultures should be obtained in those
who are febrile. In those with prevalent HF, clinical ex-
amination usually reveals sign of pulmonary and systemic
congestion; the identification of a murmur or a third heart
sound on auscultation should suggest a cardiac actiology.
A carefully collected past medical history is paramount,
as known cardiovascular risk factors or established disease
would identify those more likely to develop HF and to have
a poorer prognosis if infected by COVID-19 [43]. Unfor-
tunately during the early phase it can be challenging to ob-

tain a detailed history from patients who are acutely short of
breath alongside the restraints of personal protective equip-
ment and ward isolation [44]. Limitations such as patient
distress, confusion, anxiety are additional hurdles.

A normal chest X-ray would not exclude a COVID-19
infection or HF; cardiomegaly or frank pulmonary oedema
should not be missed and should prompt an echocar-
diogram. When in doubt, a CT chest might demon-
strate bilateral interstitial pneumonia, which is a clear sign
for COVID-19 infection, with or without pulmonary em-
bolism, one of its frequent complications. Identification of
pleural effusion might be common in both conditions, but
not specific [45].

A simple electrocardiogram is an important source of
information. Indeed, signs of a previous myocardial infarc-
tion or a prolonged QRS might suggest underlying cardiac
dysfunction and greater risk of complications. Other find-
ings, such as tachycardia or atrial arrhythmias, are com-
mon in both ARDS and HF, and might not be helpful in
differentiating between the two conditions, although they
have therapeutical implications [46]. A mild elevation of
natriuretic peptides have been described in COVID infec-
tion and are thought related to the direct multi organ dam-
age related to infection, cytokines overdrive, or increased
pulmonary pressure and therefore are not always a marker
of concomitant HF per se but significantly increased natri-
uretic peptide levels are felt to be more consistent with AHF
than COVID-related SARS. Low levels of natriuretic pep-
tides exclude HF and suggest a good outcome even amongst
those diagnosed with COVID-19. Elevated levels of in-
flammatory markers (C-reactive protein or ferritin) asso-
ciated with relative lymphopenia raise the clinical suspi-
cion of a COVID-19 infection [47]. Troponin can be ele-
vated in patients admitted with HF, as well as in those with
COVID-19, and suggest a greater risk of CVD and non-
CVDcomplications [16]. Hypoxaemia and hypocapnia as-
sociated with low oxygen saturation below 90% and respi-
ratory acidosis are specific signs of respiratory distress or
related thromboembolic complication; conversely, hypox-
aemia without hypercapnia and relative acidosis or respi-
ratory alkalosis are more typical for HF. D-dimer and fib-
rinogen, reflecting activation of both haemostatic and fib-
rinolytic systems, would be of aid to identify those with a
higher risk of thrombo-embolic events and death, but not to
differentiate between the two conditions [45,47].

Echocardiography should always be performed when
HEF is suspected, as it might identify substantial LV systolic
dysfunction or valve disease, helpful to guide ongoing man-
agement [48]. Signs of fluid and pressure overload (i.e.,: a
dilated inferior vena cava or pulmonary hypertension) or
RV dilatation and dysfunction, would indicate the need for
additional investigations to evaluate both lung parenchyma
and vessels [49] (Fig. 2).

Absence of cardiac dysfunction at imaging and of B-
lines on lung ultrasound would exclude ARDS and HF,
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AHF-related SARS-related
Clinical manifestations Clinical manifestations

History for recurrent HF or
past MI, High CV risk burden

Congestion signs associated
with NP elevation

No hemocrome alterations
Increased NP levels

Low C-reactive Protein and
procalcitonin

ECG alterations with pulmonary
congestion at Chest RX

Normal or mild elevated
fibrinogen and D dimer,

Echocardiography and
Cardiology evaluation —

Fever associated with
tachypnea, low CV risk burden

Relevant hypoxemia and
respiratory acidosis

Hemocrome alterations with
possible linphocitopenia

Increased C-reactive protein
and pro calcitonin

Localized subpleural or scissural
Chest RX signs

Increased fibrinogen and D
dimer

Chest CT
and Infectivology
evaluation

Fig. 2. A specific diagnostic algorithm addressed to the early recognition of acute dyspnea due to respiratory or cardiac manifes-

tations.

and suggest to look for alternative causes for breathlessness
(i.e.,: anxiety, asthma, or exacerbation of chronic obstruc-
tive lung disease). After initial assessment on the basis of
single patients score addressing for AHF or for ARDS pa-
tients may follow a different route and management. In
order to accelerate diagnosis and start customized treat-
ment patients with high scores for respiratory involvement
may be carry out chest CT even before swab results, to
evaluateevenctiual pulmonary injury, its extension location
and fibrotoic evolution. Converesely, if diagnoasi portrend
for HF a tailored therapy woith diuretics inotropes and va-
sodilators may be started, without further procedures. Cur-
rent picture analyzed the distinct process related to diag-
nostic differentiation, however COVID infection may be
the trigger for HF onset. Unfortunately, whether COVID
infection is the primary trigger for LV diastolic or systolic
dysfunction is currently ignored and detailed imaging eval-
uation may be encouraged in both hospitalized and non-
hospitalized positive subjects.

Notably, an echocardiographic and magnetic reso-
nance combined analysis, showed that an elevated percent-
age of infected subjects with elevated troponin, had cardiac
involvement in terms of reduced ventricular strain and my-
ocardial edema, even with minimal symptoms [50]. Nev-
ertheless this screening cannot be extended to the whole
population, and current findings are probably analogue to
other viral infections, in which myocardial involvement
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has been less investigated. Recently, the use of hand held
echocardiographyic devices has been proposed as an in-
expensive, rapid, and quick screen for cardiac abnormali-
ties in COVID-19. Therefore, the combination of cardiac
and chest ultrasound evaluation may provide a better defi-
nition of underlying disease [51]. Alteration. Similarly, the
contemporary rectruitment of echocardiographic abnormal-
ities and elevated troponin suggests a very bad prognosis in
COVID-19 [52].

4. In-Hospital Treatment Dilemma

Adverse clinical outcome seen in this setting may
be due to the lack of specific management of patients
with HF presenting with COVID-19. Drugs employed
to manage cytokine storm, including inhaled budesonide,
oral/intravenous corticosteroids, and colchicine all have
supportive randomized trials irrespective of their patient
treatment venue. The use of recombinant humanized anti-
interleukin-6 receptor monoclonal antibody (in patients
with rapid respiratory decompensation) have been shown
to provide some benefit [53]. Several concerns arise from
current antiviral and antiflammatory drugs commonly em-
ployed during severe infection and diffuse pneumonia. In-
deed, the beneficial effect of remdesivir, tolicizumab and
corticosteroids remain questioned due to contrasting results
and to the restricted number of randomized clinical trial
and different population tested [54,55]. Moreover in pa-
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tients with HF there are no specific studies demonstrating
the effective benefit. and some of the treatments trialled for
treatment of COVID-19 can exacerbate HF. Corticosteroids
are known to increase fluid and sodium retention and to in-
duce peripheral vasoconstriction, which, in turn, would in-
crease cardiac workload. Therefore, elevated plasma corti-
sol level may interfere with mineral corticoid activity reduc-
ing the beneficial effect of aldosterone antagonists. Thus
persistent corticosteroid administration, might potentially
trigger, or worsen, HF. Altered glycaemic control is also
another well-known side-effect of prolonged treatment with
steroids: therefore, glucose levels should be carefully mon-
itored and, in people with diabetes, anti-diabetic treatment
tailored accordingly.

At the beginning of the pandemic there were concerns
that use of ACE-I or ARB medications might be associ-
ated with a greater risk of infection. However, those fears
were proven to be incorrect and current evidence suggests
that ACE-I or ARBs should not be stopped to prevent a
COVID-19 infection or during an hospitalization in those
infected, unless hypotension or worsening renal function
occurs [56—58]. Careful attention should be given to hy-
dration, fluid balance and use of diuretics: an excess of
fluid administration might easily cause pulmonary oedema
in those with HF, and aggressive diuresis might precipitate
renal dysfunction.

A large proportion of patients admitted to hospitals re-
ceive prophylactic anticoagulants, regardless of their initial
diagnosis. Observational studies suggest that anticoagula-
tion therapy might be beneficial in patients with COVID-
19, and several randomized trials are ongoing to test opti-
mal dose and duration of thromboprophylaxis in these pa-
tients [59,60]. However, it should be noted that haemor-
rhage might be as common as thrombotic events in hospi-
talized patients with COVID-19; therefore, although pro-
phylactic dose anticoagulation should be prescribed, unless
contraindicated, in hospitalized patients with COVID-19,
and indiscriminate use of anticoagulants, especially at high
doses, should be avoided.

In the setting of CVD risk or known disease, treatment
with hydroxychloroquine as with many drugs, increases
QT interval and predispose to arrhythmia and potentially
a greater risk of a sudden death, particularly when given
in combination with azithromycin, other anti-arrhythmic
drugs, or in the presence of renal dysfunction and elec-
trolyte abnormalities [61]. The widespread use of anti-
inflammatory agents, administered with macrolides and an-
tiviral drugs such as remdesivir that are likely to impair liver
function, might alter drug metabolism with additional ef-
fects on the QT interval. It is good clinical practice to mon-
itor renal and liver function and ECG, in those with severe
COVID-19, regardless of a HF diagnosis.

More specifically, Remdesivir, can be used for short
time period because its hepatic toxicity. In patients with
Hepatic congestion and increased central vein pressure this

agent may quickly impair liver function with deleterious
impact on systemic and pharmacological metabolism [62].
Tocilizumab is a recombinant monoclonal antibody against
IL-6 under investigation in patients with ARDS. It reduces
cytokines storm but some doubts regarding increase of
thromboembolic events associated with treatment may be
clarified [63]. Therefore in transplant recipients, it may
decrease the effect of other immunomodulatory drugs, al-
though not direct negative effect on cardiac function have
been reported [64,65].

For those likely to deteriorate and reach the end of life,
deactivation of devices, such as an implantable cardioverter
defibrillator, along with withdrawal of unnecessary medica-
tions, should be considered after discussion with patients or
their representatives.

5. Out of Hospital Management

In most part of the world, health care systems have
been caught largely unprepared when invested by the
COVID pandemic. On the other hand, massively supported
by governments and industry, they responded rapidly, con-
verting wards and additional external facilities to COVID-
19 areas. Strict lockdown measures have been successful
in controlling rate of infection, and easing pressure on hos-
pitals. Many governments have now adopted massive test-
ing strategies in the community to contain spread of dis-
ease, which should re-allow a gradual and safer access to
diagnosis and care to those most in need [66]. Therefore
the massive vaccination procedures have reduced both the
needing for hospital access and the percentage of severe in-
fection. Unfortunately, this is not enough. For months, a
large proportion of patients with HF have not received any
specialist input. There is a concrete possibility that many
did not have their treatment optimised, have inevitably de-
teriorated or, eventually, died prematurely, even before an
initial diagnosis was made. It is time to rapidly repristi-
nate and reorganise HF services, to take care of a huge
backlog of appointments, and recover access to diagnos-
tic services, consultations and long-term management [67].
A wider adoption of point of care testing with natriuretic
peptides in the community would identify those at greater
risk of deterioration, admission to hospital and death, and
therefore determine the urgency for a specialist consulta-
tion [68]. Widespread use of video consultations and home
telelemonitoring would ensure a more regular and continu-
ous delivery of care, limit travel and risk exposure to both
patients and health care professionals. Recent experience in
New York with a multisensor device may suggest the ben-
eficial effects of current approach in reducing both hospi-
talization and infection [67]. There will be more than one
creative solution for any local reality, depending on organi-
sation and availability of resources.But facilitating access to
care should be a top priority of the agenda for governments
as well as for doctors, to ensure that patients with HF, with
or without COVID-19, will finally receive the care they de-
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serve [55,69]. A specific stepwise appraoach starting from
clinical history and CVD risk burden assessment,specific
blood tests evaluation, then chest and cardiac ultrasound
evaluation, up to a more cohomprensive echocardiographic
exam including cava vein PAPS and cardiac chamber mea-
surement, may be usefull for patients screening (Fig. 3).

N
e History of cardiovascular diseases
¢ High Natriuretic Peptides levels
J
~

e Clinical congestion assessment

* Presence of B-lines and cava vein dilatation at

ultrasound scan )

- - ~N
e Structured echocardiographyc examination and
identification of primitive cardiac defect

e Starting with tailored treatment

Fig. 3. A stepwise approach may be applied in patients with
suspected HF or ARDS starting from clinical examination and
blood test up to a more detailed diagnostic screening based on

initial screening.

6. Conclusions

The medical community and society as a whole has
had to make dramatic adjustments in light of the COVID
pandemic. There is substantial evidence that even in well-
resourced, developed countries that the impact will have
long-lasting effects. With the failure of the COVID-19 vac-
cines due to antigenic escape with the Delta and other vari-
ants, the emphasis for pandemic management has shifted
to early medical treatment and concomittent therapy with
AHF patients. However, there is evidence that the cardiol-
ogy community will need to address the impact of COVID
in relation to HF and it is clear that pre-existing cardiac con-
ditions, in particular heart failure, leaves patients more vul-
nerable and they should be considered a high-risk group.
Added to this, there have been substantial curtailments to
elective care and changes in emergency referral patterns
which has likely impacted on prognosis and will leave a
substantial backlog and likely long lasting — positive and
negative — shifts in the way patients are managed. The fo-
cus should now turn to gradual reinstatement of services, re-
covery of diagnostic and therapeutic pathways and special-
ist review. The transitions to remote medicine have been
necessary and may be here to stay however, clinical exam-
ination and regular review should not be overlooked and a
balance will need to be found moving forward.

&% IMR Press

Author Contributions

AP writing the main manuscript and ideation, CL crit-
ical revision and validation, PS data curation and interpreta-
tion, AD investigation and validation, ES draft preparation,
PMC final approval of the manuscript and critical revision.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Not applicable.

Funding

This research received no external funding.

Conflict of Interest

The authors declare no conflict of interest. Alberto
Palazzuoli is serving as one of the Editorial Board mem-
bers of this journal. Peter A. McCullough is serving as one
of the Guest editors of this journal. We declare that Alberto
Palazzuoli and Peter A. McCullough had no involvement in
the peer review of this article and have no access to infor-
mation regarding its peer review. Full responsibility for the
editorial process for this article was delegated to Giuseppe
Biondi-Zoccai.

References

[1] Alizadehsani R, Alizadeh Sani Z, Behjati M, Roshanzamir Z,
Hussain S, Abedini N, et al. Risk factors prediction, clinical out-
comes, and mortality in COVID-19 patients. Journal of Medical
Virology. 2021; 93: 2307-2320.

[2] Barry M, Alotaibi M, Almohaya A, Aldrees A, AlHijji A, Al-
thabit N, et al. Factors associated with poor outcomes among
hospitalized patients with COVID-19: Experience from a
MERS-CoV referral hospital. Journal of Infection and Public
Health. 2021; 14: 1658-1665.

[3] Yang R, Gui X, Xiong Y. Comparison of Clinical Characteris-
tics of Patients with Asymptomatic vs Symptomatic Coronavirus
Disease 2019 in Wuhan, China. JAMA Network Open. 2020; 3:
€2010182.

[4] Lippi G Sanchis Gomar F, Favaloro EJ, Lavie CJ, Henry
BM. Coronarvirus disease 2019-associated coagulopathy. Mayo
Clinic Proceedings. 2021; 96: 203-217

[5] McCullough PA, Alexander PE, Armstrong R, Arvinte C, Bain
AF, Bartlett RP, et al. Multifaceted highly targeted sequential
multidrug treatment of early ambulatory high-risk SARS-CoV-
2 infection (COVID-19). Reviews in Cardiovascular Medicine.
2020; 21: 517-530.

[6] Tomasoni D, Inciardi RM, Lombardi CM, Tedino C, Agostoni
P, Ameri P, et al. Impact of heart failure on the clinical course
and outcomes of patients hospitalized for COVID-19. Results of
the Cardio-COVID-Italy multicentre study. European Journal of
Heart Failure. 2020; 22: 2238-2247.

[7] Inciardi RM, Adamo M, Lupi L, Cani DS, Di Pasquale M, Toma-
soni D, et al. Characteristics and outcomes of patients hospital-
ized for COVID-19 and cardiac disease in Northern Italy. Euro-
pean Heart Journal. 2020; 41: 1821-1829.

[8] Zhang Y, Coats AJS, Zheng Z, Adamo M, Ambrosio G, Anker
SD, et al. Management of heart failure patients with COVID-19:


https://www.imrpress.com

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

(25]

10

ajoint position paper of the Chinese Heart Failure Association &
National Heart Failure Committee and the Heart Failure Associ-
ation of the European Society of Cardiology. European Journal
of Heart Failure. 2020; 22: 941-956.

Bhatt AS, Jering KS, Vaduganathan M, Claggett BL, Cunning-
ham JW, Rosenthal N, et al. Clinical Outcomes in Patients with
Heart Failure Hospitalized with COVID-19. JACC: Heart Fail-
ure. 2021; 9: 65-73.

Alvarez-Garcia J, Lee S, Gupta A, Cagliostro M, Joshi AA,
Rivas-Lasarte M, et al. Prognostic Impact of Prior Heart Failure
in Patients Hospitalized with COVID-19. Journal of the Ameri-
can College of Cardiology. 2020; 76: 2334-2348.

Morin DP, Manzo MA, Pantlin PG, Verma R, Bober RM, Krim
SR, et al. Impact of Preinfection Left Ventricular Ejection Frac-
tion on Outcomes in COVID-19 Infection. Current Problems in
Cardiology. 2021; 46: 100845.

Shi S, Qin M, Shen B, Cai Y, Liu T, Yang F, ef al. Association
of Cardiac Injury with Mortality in Hospitalized Patients with
COVID-19 in Wuhan, China. JAMA Cardiology. 2020; 5: 802.
Giustino G, Croft LB, Stefanini GG, Bragato R, Silbiger JJ, Vi-
cenzi M, et al. Characterization of Myocardial Injury in Patients
with COVID-19. Journal of the American College of Cardiol-
ogy. 2020; 76: 2043-2055.

Lippi G, Lavie CJ, Sanchis-Gomar F. Cardiac troponin i in pa-
tients with coronavirus disease 2019 (COVID-19): Evidence
from a meta-analysis. Progress in Cardiovascular Diseases.
2020; 63: 390-391.

Arentz M, Yim E, Klaff L, Lokhandwala S, Riedo FX, Chong M,
et al. Characteristics and Outcomes of 21 Critically 1l Patients
with COVID-19 in Washington State. Journal of the American
Medical Association. 2020; 323: 1612.

Bavishi C, Bonow RO, Trivedi V, Abbott JD, Messerli FH, Bhatt
DL. Special Article - Acute myocardial injury in patients hospi-
talized with COVID-19 infection: a review. Progress in Cardio-
vascular Diseases. 2020; 63: 682—-689.

Guan W, Ni Z, Hu Y, Liang W, Ou C, He J, et al. Clinical Char-
acteristics of Coronavirus Disease 2019 in China. New England
Journal of Medicine. 2020; 382: 1708-1720.

Vaduganathan M, Vardeny O, Michel T, McMurray JJV, Pfef-
fer MA, Solomon SD. Renin—Angiotensin—Aldosterone System
Inhibitors in Patients with Covid-19. New England Journal of
Medicine. 2020; 382: 1653-1659.

Liu PP, Blet A, Smyth D, Li H. The Science Underlying COVID-
19: Implications for the Cardiovascular System. Circulation.
2020; 142: 68-78.

Madjid M, Safavi-Naeini P, Solomon SD, Vardeny O. Potential
Effects of Coronaviruses on the Cardiovascular System: A Re-
view. JAMA Cardiology. 2020; 5: 831.

Bonow RO, Fonarow GC, O’Gara PT, Yancy CW. Association of
Coronavirus Disease 2019 (COVID-19) with Myocardial Injury
and Mortality. JAMA Cardiology. 2020; 5: 751.

Matsushita K, Marchandot B, Carmona A, Curtiaud A, El Idrissi
A, Trimaille A, et al. Increased susceptibility to SARS-CoV-2
infection in patients with reduced left ventricular ejection frac-
tion. ESC Heart Failure. 2021; 8: 380-389.

Rumery K, Seo A, Jiang L, Choudhary G, Shah NR, Rudolph
JL, et al. Outcomes of coronavirus disease-2019 among veterans
with pre-existing diagnosis of heart failure. ESC Heart Failure.
2021; 8: 2338-2344.

Lassen MCH, Skaarup KG, Lind JN, Alhakak AS, Sengelov M,
Nielsen AB, et al. Echocardiographic abnormalities and pre-
dictors of mortality in hospitalized COVID-19 patients: the
ECHOVID-19 study. ESC Heart Failure. 2020; 7: 4189-4197.
Bromage DI, Cannata A, Rind IA, Gregorio C, Piper S, Shah
AM, et al. The impact of COVID-19 on heart failure hospital-
ization and management: report from a Heart Failure Unit in

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

London during the peak of the pandemic. European Journal of
Heart Failure. 2020; 22: 978-984.

Cannata A, Bromage DI, Rind IA, Gregorio C, Bannister C, Al-
barjas M, et al. Temporal trends in decompensated heart failure
and outcomes during COVID-19: a multisite report from heart
failure referral centres in London. European Journal of Heart
Failure. 2020; 22: 2219-2224.

Severino P, D’Amato A, Saglietto A, D’Ascenzo F, Marini C,
Schiavone M, et al. Reduction in heart failure hospitalization
rate during coronavirus disease 19 pandemic outbreak. ESC
Heart Failure. 2020; 7: 4182—4188.

Doolub G, Wong C, Hewitson L, Mohamed A, Todd F, Gogola
L, et al. Impact of COVID-19 on inpatient referral of acute heart
failure: a single-centre experience from the south-west of the
UK. ESC Heart Failure. 2021; 8: 1691-1695.

Cox ZL, Lai P, Lindenfeld J. Decreases in acute heart failure
hospitalizations during COVID-19. European Journal of Heart
Failure. 2020; 22: 1045-1046.

Andersson C, Gerds T, Fosbel E, Phelps M, Andersen J, Lam-
berts M, et al. Incidence of New-Onset and Worsening Heart
Failure before and after the COVID-19 Epidemic Lockdown in
Denmark: A Nationwide Cohort Study. Circulation: Heart Fail-
ure. 2020; 13: e007274.

Sulzgruber P, Krammel M, Aigner P, Pfenneberger G, Espino
A, Stommel J, ef al. An increase in acute heart failure offsets the
reduction in acute coronary syndrome during coronavirus dis-
ease 2019 (COVID-19) outbreak. ESC Heart Failure. 2021; 8:
782-783.

Baldi E, Sechi GM, Mare C, Canevari F, Brancaglione A, Primi
R, et al. COVID-19kills at home: the close relationship between
the epidemic and the increase of out-of-hospital cardiac arrests.
European Heart Journal. 2020; 41: 3045-3054.

Marijon E, Karam N, Jost D, Perrot D, Frattini B, Derkenne C,
et al. Out-of-hospital cardiac arrest during the COVID-19 pan-
demic in Paris, France: a population-based, observational study.
The Lancet Public Health. 2020; 5: e437—-e443.

Frankfurter C, Buchan TA, Kobulnik J, Lee DS, Luk A, McDon-
ald M, et al. Reduced Rate of Hospital Presentations for Heart
Failure during the COVID-19 Pandemic in Toronto, Canada.
Canadian Journal of Cardiology. 2020; 36: 1680—1684.

Rey JR, Caro-Codén J, Rosillo SO, Iniesta AM, Castrejon-
Castrejon S, Marco-Clement I, ef al. Heart failure in COVID-19
patients: prevalence, incidence and prognostic implications. Eu-
ropean Journal of Heart Failure. 2020; 22: 2205-2215.
Chatrath N, Kaza N, Pabari PA, Fox K, Mayet J, Barton C, ef al.
The effect of concomitant COVID-19 infection on outcomes in
patients hospitalized with heart failure. ESC Heart Failure. 2020;
7: 4443-4447.

Alizadehsani R, Eskandarian R, Behjati M, Zahmatkesh M,
Roshanzamir M, Izadi NH, et al. Factors associated with mortal-
ity in hospitalized cardiovascular disease patients infected with
COVID-19. Immunity, Inflammation and Disease. 2022; 10:
e561.

Bocchi EA, Lima IGCV, Biselli B, Salemi VMC, Ferreira SMA,
Chizzola PR, et al. Worsening of heart failure by coronavirus
disease 2019 is associated with high mortality. ESC Heart Fail-
ure. 2021; 8: 943-952.

Christensen DM, Butt JH, Fosbel E, Kaber L, Torp-Pedersen C,
Gislason G, et al. Nationwide cardiovascular disease admission
rates during a second COVID-19 lockdown. American Heart
Journal. 2021; 241: 35-37.

Chagu¢ F, Boulin M, Eicher J, Bichat F, Saint Jalmes M,
Cransac-Miet A, et al. Impact of lockdown on patients with con-
gestive heart failure during the coronavirus disease 2019 pan-
demic. ESC Heart Failure. 2020; 7: 4420-4423.
Sankaranarayanan R, Hartshorne-Evans N, Redmond-Lyon S,

&% IMR Press


https://www.imrpress.com

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

Wilson J, Essa H, Gray A, et al. The impact of COVID-19 on the
management of heart failure: a United Kingdom patient ques-
tionnaire study. ESC Heart Failure. 2021; 8: 1324-1332.
Mitter SS, Alvarez-Garcia J, Miller MA, Moss N, Lala A.
Insights from HeartLogic Multisensor Monitoring during the
COVID-19 Pandemic in New York City. JACC: Heart Failure.
2020; 8: 1053-1055.

Fried JA, Ramasubbu K, Bhatt R, Topkara VK, Clerkin KJ, Horn
E, et al. The Variety of Cardiovascular Presentations of COVID-
19. Circulation. 2020; 141: 1930-1936.

Palazzuoli A, Ruocco G, Tecson KM, McCullough PA. Screen-
ing, detection, and management of heart failure in the SARS-
CoV2 (COVID-19) pandemic. Heart Failure Reviews. 2021; 26:
973-979.

Lal S, Hayward CS, De Pasquale C, Kaye D, Javorsky G, Bergin
P, et al. COVID-19 and Acute Heart Failure: Screening the Crit-
ically Ill — a Position Statement of the Cardiac Society of Aus-
tralia and New Zealand (CSANZ). Heart, Lung and Circulation.
2020; 29: €94—¢98.

Mccullough SA, Goyal P, Krishnan U, Choi JJ, Safford
MM, Okin PM. Electrocardiographic Findings in Coronavirus
Disease-19: Insights on Mortality and Underlying Myocardial
Processes. Journal of Cardiac Failure. 2020; 26: 626—632.
Assandri R, Buscarini E, Canetta C, Scartabellati A, Vigano
G, Montanelli A. Laboratory Biomarkers Predicting COVID-
19 Severity in the Emergency Room. Archives of Medical Re-
search. 2020; 51: 598-599.

Dweck MR, Bularga A, Hahn RT, Bing R, Lee KK, Chap-
man AR, et al. Global evaluation of echocardiography in pa-
tients with COVID-19. European Heart Journal - Cardiovascular
Imaging. 2020; 21: 949-958.

Rudski L, Januzzi JL, Rigolin VH, Bohula EA, Blankstein R,
Patel AR, et al. Multimodality Imaging in Evaluation of Car-
diovascular Complications in Patients with COVID-19: JACC
Scientific Expert Panel. Journal of the American College of Car-
diology. 2020; 76: 1345-1357.

Puntmann VO, Carerj ML, Wieters I, Fahim M, Arendt C, Hoff-
mann J, et al. Outcomes of Cardiovascular Magnetic Resonance
Imaging in Patients Recently Recovered from Coronavirus Dis-
ease 2019 (COVID-19). JAMA Cardiology. 2020; 5: 1265.
Khanji MY, Ricci F, Patel RS, Chahal AA, Bhattacharyya S,
Galusko V, ef al. Special Article - the role of hand-held ul-
trasound for cardiopulmonary assessment during a pandemic.
Progress in Cardiovascular Diseases. 2020; 63: 690—695.

Lavie CJ, Sanchis-Gomar F, Lippi G. Cardiac Injury in COVID-
19—Echoing Prognostication. Journal of the American College
of Cardiology. 2020; 76: 2056-2059.

Spinner CD, Gottlieb RL, Criner GJ, Arribas Lopez JR, Cattelan
AM, Soriano Viladomiu A, et al. Effect of Remdesivir vs Stan-
dard Care on Clinical Status at 11 Days in Patients with Mod-
erate COVID-19: A Randomized Clinical Trial. Journal of the
American Medical Association. 2020; 324: 1048-1057.
Goldman JD, Lye DCB, Hui DS, Marks KM, Bruno R, Monte-
jano R, et al. Remdesivir for 5 or 10 Days in Patients with Severe
Covid-19. New England Journal of Medicine. 2020; 383: 1827—
1837.

DeFilippis EM, Reza N, Donald E, Givertz MM, Lindenfeld
J, Jessup M. Considerations for Heart Failure Care during the
COVID-19 Pandemic. JACC: Heart Failure. 2020; 8: 681-691.

&% IMR Press

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

Marini JJ, Gattinoni L. Management of COVID-19 Respiratory
Distress. Journal of the American Medical Association. 2020;
323: 2329.

REMAP-CAP Investigators, Gordon AC, Mouncey PR, Al-
Beidh F, Rowan KM, Nichol AD, et al. Interleukin-6 Receptor
Antagonists in Critically Ill Patients with Covid-19. The New

England Journal of Medicine. 2021; 384: 1491-1502.
Mancia G, Rea F, Ludergnani M, Apolone G, Corrao G. Renin—

Angiotensin—Aldosterone System Blockers and the Risk of
Covid-19: A Randomized Clinical Trial. New England Journal
of Medicine. 2020; 382: 2431-2440.

Lopes RD, Macedo AVS, de Barros E Silva PGM, Moll-
Bernardes RJ, dos Santos TM, Mazza L, et al. Effect of Dis-
continuing vs Continuing Angiotensin-Converting Enzyme In-
hibitors and Angiotensin II Receptor Blockers on Days Alive
and out of the Hospital in Patients Admitted with COVID-19.
Journal of the American Medical Association. 2021; 325: 254.
Paranjpe I, Fuster V, Lala A, Russak AJ, Glicksberg BS, Levin
MA, et al. Association of Treatment Dose Anticoagulation with
in-Hospital Survival among Hospitalized Patients with COVID-
19: JACC State-of-the-Art Review. Journal of the American
College of Cardiology. 2020; 76: 122—-124.

Bikdeli B, Madhavan MV, Jimenez D, Chuich T, Dreyfus I,
Driggin E, et al. COVID-19 and Thrombotic or Thromboem-
bolic Disease: Implications for Prevention, Antithrombotic
Therapy, and Follow-up. Journal of the American College of
Cardiology. 2020; 75: 2950-2973.

Wang Y, Zhang D, Du G, Du R, Zhao J, Jin Y, ef al. Remde-
sivir in adults with severe COVID-19: a randomised, double-
blind, placebo-controlled, multicentre trial. The Lancet. 2020;
395: 1569-1578.

Salama C, Han J, Yau L, Reiss WG, Kramer B, Neidhart JD,
et al. Tocilizumab in Patients Hospitalized with Covid-19 Pneu-
monia. New England Journal of Medicine. 2021; 384: 20-30.
Atallah B, El Nekidy W, Mallah SI, Cherfan A, AbdelWareth L,
Mallat J, et al. Thrombotic events following tocilizumab ther-
apy in critically ill COVID-19 patients: a Fagade for prognostic
markers. Thrombosis Journal. 2020; 18: 22.

Salto-Alejandre S, Jiménez-Jorge S, Sabé N, Ramos-Martinez
A, Linares L, Valerio M, et al. Risk factors for unfavorable out-
come and impact of early post-transplant infection in solid or-
gan recipients with COVID-19: A prospective multicenter co-
hort study. PLoS ONE. 2021; 16: €0250796.

Cleland JGF, Clark RA, Pellicori P, Inglis SC. Caring for peo-
ple with heart failure and many other medical problems through
and beyond the COVID-19 pandemic: the advantages of univer-
sal access to home telemonitoring. European Journal of Heart
Failure. 2020; 22: 995-998.

Piro A, Magnocavallo M, Della Rocca DG, Neccia M, Manzi
G, Mariani MV, et al. Management of cardiac implantable
electronic device follow-up in COVID-19 pandemic: Lessons
learned during Italian lockdown. Journal of Cardiovascular
Electrophysiology. 2020; 31: 2814-2823.

Diemberger I, Vicentini A, Cattafi G, Ziacchi M, lacopino S,
Morani G, et al. The Impact of COVID-19 Pandemic and Lock-
down Restrictions on Cardiac Implantable Device Recipients
with Remote Monitoring. Journal of Clinical Medicine. 2021;
10: 5626.

Pellicori P. At the heart of COVID-19. European Heart Journal.
2020; 41: 1830-1832.

11


https://www.imrpress.com

	1. Introduction 
	2. Direct Cardiac Effects of COVID-19 Infection
	2.1 Impact of HF on COVID Severity
	2.2 Impact of COVID and Pre-Existing HF on HF Admissions 
	2.3 Impact of COVID on the Stable Chronic Population 

	3. How Can We Differentiate AHF and Acute Respiratory Distress Syndrome (ARDS) in COVID Patients? 
	4. In-Hospital Treatment Dilemma
	5. Out of Hospital Management 
	6. Conclusions
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

