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ABSTRACT: The coronavirus pandemic has crippled
healthcare system since its outbreak in 2020, and has
led to over 2.6 million deaths worldwide. Clinical man-
ifestations of COVID-19 range from asymptomatic
carrier to severe pneumonia, to life-threatening acute
respiratory distress syndrome (ARDS). The early
efforts of the pandemic surrounded treating the pul-
monary component of COVID-19, however, there has
been robust data surrounding the cardiac complica-
tions associated with the virus. This is suspected to be
from a marked inflammatory response as well as direct
viral injury. Arrhythmias, acute myocardial injury,
myocarditis, cardiomyopathy, thrombosis, and myo-
cardial fibrosis are some of the observed cardiac com-
plications. There have been high morbidity and
mortality rates in those affected by cardiac conditions
associated with COVID-19. Additionally, there have
been documented cases of patients presenting with typ-
ical cardiac symptoms who are subsequently discov-
ered to have COVID-19 infection. In those who test
positive for COVID-19, clinical awareness of the sig-
nificant cardiac components of the virus is pertinent to
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prevent morbidity and mortality. Unfortunately, treat-
ment and preventative measures developed for
COVID-19 have been shown to be also be associated
with cardiac complications. This is a comprehensive
review of the cardiac complications and manifestations
of COVID-19 infection in addition to those associated
with both treatment and vaccination. (Curr Probl Car-
diol 2022;00:101186.)
Introduction

S
evere acute respiratory syndrome coronavirus 2 (SARS-COVID-

2) has wreaked havoc as the deadly virus behind the COVID-19

pandemic. Over 78 million cases have been recorded in the

United States with an observed 1.2% mortality rate per the analysis con-

ducted by John Hopkins Center for System Science and Engineering.1

While the disease is often discussed in a pulmonary context, patients

present and develop a variety of cardiac complications as well.2 Approxi-

mately 20%-30% of hospitalized COVID-19 patients have biochemical

evidence of myocardial involvement evidenced by elevated troponin.3

Cardiac injury results from mainly COVID viral systemic effects along

with direct viral cytotoxicity. The severity of illness is correlated to

patients’ baseline comorbidities including advanced age, diabetes, hyper-

tension, obesity, and immunocompromised status4. With greater severity

of illness comes a higher likelihood of cardiac injury, and thus more seri-

ous cardiac complications ranging from arrhythmias to myocarditis, new-

onset cardiomyopathy, myocardial infarction (MI), and thromboembo-

lism. Reported to have a cumulative incidence of 20%-40%, these cardiac

presentations convey a significantly increased morbidity and mortality

when associated with COVID-195. COVID-19 treatments and vaccines

also have distinct cardiac side-effect profiles with many still under inves-

tigation. These, along with the infection process itself, can have long-last-

ing consequences on health. We aim to provide a comprehensive up to

date review of the cardiac manifestations of COVID-19 infection, along

with those associated with its treatment and vaccination.
Pathophysiology
In patients with COVID-19 infection, cardiac involvement can occur

indirectly or directly. There are several different mechanisms for indirect

cardiac injury. Severe cases of COVID have noted a marked elevation of
Curr Probl Cardiol, 00 2022



ARTICLE IN PRESS
inflammatory cytokines and markers which may be related to viral-

induced disturbances in non-coding RNAs.6 The resulting inefficient and

uncontrolled systemic inflammation and cytokine storm, occurring

through a hyperimmune response with inappropriate T-cell activation

and markedly elevated catecholamines, can trigger arrhythmias, cardio-

myopathies, plaque destabilization, and myocardial injury among other

cardiac pathology.7,8 Along with these pro-inflammatory mediators,

COVID also increases the risk for thromboembolic disease through a phe-

nomenon of sepsis-induced coagulopathy (SIC).9 SIC is a result of the

heightened immune response via cytokine storm, overstimulation of the

sympathetic nervous system, and microvascular dysfunction which con-

tribute to hypercoagulability.10 Another indirect cardiac complication

includes hypoxia-driven myocardial supply-demand mismatch which

results in oxidative stress on the myocardium.11

In addition to indirect mechanisms of cardiac injury, direct cardiac

injury is suspected to be from entry of the virus into cardiac cells leading

to endothelial disruption.12 In fact, in situ labeling of viral RNA and elec-

tron microscopy has detected viral tropism for cardiac myocytes.13 Fur-

ther research and analysis led to the discovery of the interaction between

viral spike protein and target cell angiotensin-converting enzyme 2

(ACE2) receptor facilitating membrane fusion.14 ACE2 receptors are

found on cells of the heart, lungs, kidneys, and intestines, thereby creating

a mechanism for damage of these vital organs.15 Among the highest risk

factors for severe COVID-19 infection, heart disease and hypertension

are thought to impart a worsened prognosis partially due to the upregula-

tion of ACE2 found in these conditions.16,17

In those patients presenting with cardiac symptoms, the consequence

of viral damage on myocardium has conflicting evidence. A recent analy-

sis of intubated patients suggested that myocardial injury in COVID-

related ARDS was predominantly a result of critical systemic illness and

multiorgan dysfunction in the setting of advanced age and baseline

comorbidities.18 Supporting evidence for this was shown in a meta-analy-

sis from China which found that patients with cardiovascular (CV)

comorbidities including hypertension and diabetes were much more

likely to develop severe disease and require intensive care unit (ICU)

level of care.19 They further observed that the incidence of acute cardiac

injury was 13 times greater in these patients compared to those not requir-

ing ICU care. Nevertheless, histopathological analysis has increasingly

demonstrated viral invasion of endothelial tissue resulting in a COVID-

19 endotheliitis with subsequent inflammation, hypoxia, and organ dys-

function.20 In light of this, a direct mechanism for cardiac injury cannot
Curr Probl Cardiol, 00 2022 3
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be dismissed; although the degree of influence in the overall clinical pro-

gression is still to be elucidated. The various mechanisms of cardiac

involvement are summarized in Figure 1-2.
Cardiac Manifestations of COVID-19
Arrhythmias
Arrhythmias result from abnormal signaling in the setting of systemic

stress or from intrinsic cardiac electrical dysregulation. Systemic stress,

such as with infection, influences autonomic output to the sinoatrial and

atrioventricular nodes. This cardiac electrical network can also be

affected by myocardial damage and hypoxia leading to electrolyte imbal-

ances and abnormal depolarizations. Arrhythmias in association with

COVID have been found to occur in up to 10%-30% of hospitalized

patients and 30%-50% of ICU patients.21 Arrhythmias alone convey sig-

nificant morbidity and mortality in these patients. They are independently

associated with prolonged hospitalization and duration of mechanical

ventilation.21,22 Those with advanced age and baseline cardiac comorbid-

ities were more prone to developing arrhythmias in the setting of

COVID-19.23

Atrial arrhythmias have the highest incidence of about 60%-80% and

present secondary to increased sympathetic output in the setting of infec-

tion and systemic inflammation with COVID.24 Of these arrhythmias,

sinus tachycardia is most frequent followed by atrial fibrillation

(AF).25,26 An observational study in hospitalized patients noted the inci-

dence of AF to be directly related to the rate of myocardial injury.27 A

multinational retrospective analysis of patients in early 2020 showed an

increased incidence of AF associated with COVID in North America,

South America, and Europe as compared to Asia, which correlated with a

higher rate of comorbidities such as diabetes, hypertension, obesity, and

overall CV disease in those continents28. Patients in Asia instead had a

higher burden of bradyarrhythmia or AV block. In that analysis, ventricu-

lar arrhythmias defined as non-sustained ventricular tachycardia (NSVT),

ventricular tachycardia (VT), or ventricular fibrillation (VF), were found

to occur about 20% of the time. Interestingly, ventricular arrhythmias are

rarely present at the time of death as compared to severe bradycardia or

pulseless electrical activity (PEA).29 This is suggestive of severe hypoxia

and critical illness being the main drivers of cardiac arrest. A multina-

tional analysis of hospitalized COVID patients showed a pooled preva-

lence of ventricular arrhythmia to be 5% in the perimortem time.30
4 Curr Probl Cardiol, 00 2022



FIG 1. Mechanisms of Cardiac Involvement in COVID Infection (Color ersion of figure is available online.)
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FIG 2. Pathophysiologic Mechanisms of Cardiac Involvement in COVID Infecti (Color version of figure is available online.)
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Although less frequent when present, ventricular arrhythmias signifi-

cantly contributed to an increased risk of death in those patients.31,32
Myocardial Damage
Myocardial injury depicted via troponin elevation is a poor prognostic

indicator in patients with COVID-19.33 A retrospective study of 559

patients evaluated troponin levels as a means of prognostication in

COVID-19 patients. On admission, 57% of the patients had an elevated

troponin level which correlated with a higher rate of ventilatory support

and death (HR 1.96, 95% CI 1.15-3.37).34 Although the etiologies related

to troponin elevation in these patients can extend beyond primary cardiac

pathology this review will focus on primary cardiac complications sur-

rounding myocardial damage.35

Myocarditis is caused by inflammation of the myocardium. Historically,

viral infections are one of the most common causes of myocarditis.36 Myo-

carditis can be devastating and result in disturbances of both the electrical

system and pumping function of the heart.36,37 Additionally, myocarditis is

an established risk factor associated with increased mortality rates in

patients with COVID-19 infections.38 Severe COVID-19 infections lead to

a hyperinflammatory state with subsequent cytokine storm resulting in

myocarditis.39 After the initial direct attack on cardiac cells through the

ACE2 receptor, a subsequent secondary inflammatory response occurs aug-

menting cardiac injury.40 Autopsy of COVID-19 patients confirmed the

presence of mononuclear cells within the myocardium and associated myo-

cyte necrosis. Diagnosis of myocarditis can be challenging in patients pre-

senting with acute coronary syndromes (ACS). Differentiating features are

usually associated with echocardiographic evidence of global hypokinesis

rather than focal wall motion abnormalities seen in ACS.41

Cardiac magnetic resonance imaging (cMRI) is the gold standard

imaging modality for diagnosing myocarditis and is useful in differentiat-

ing myocarditis from other etiologies of acute chest pain.41 In those with

severe COVID-19 infection, obtaining a definitive diagnosis via cMRI

may not be plausible and thus the true prevalence of COVID-19 associ-

ated myocarditis is likely underestimated.42 Studies of myocardial dam-

age in COVID-19 patients can be found in Table 1.
Coronary Ischemia
Myocardial injury is defined by the Fourth Universal Definition of MI

as an elevation of troponin concentration above the 99th percentile of the
Curr Probl Cardiol, 00 2022 7



TABLE 1. Summary of studies evaluating myocardial injury, coronary ischemia, and cardiomyop thy in COVID-19 patients

Author Year Study type & patients included Measures Outcomes/Findings

Buckley BJR et al.36 November 2021 Retrospective cohort study of
718,365 patients who tested
positive for COVID

Incidence of yocarditis/
pericarditi all�cause mortality,
hospitaliza ion, cardiac arrest,
incident H incident AF, and
acute MI i patients with &
without m carditis/pericarditis

5% developed new myocarditis,
1.5% developed new
pericarditis; increased mortality
in patients with myocarditis or
pericarditis compared to
controls; patients with
pericarditis had more CV
sequalae compared to
myocarditis

Efros O et al.34 February 2021 Retrospective cohort study
conducted in Israel of 559
patients who tested positive for
COVID

Characteris s between patients
with tropo n elevation vs no
elevation; ortality, invasive
ventilatory upport, hospital
stay, and ute kidney injury

Increased mortality, invasive
ventilation, hospital stay and
acute kidney injury significantly
higher in patients with elevated
troponin; predictors of elevated
troponin included age, female,
high Cr

Choudry FA et al.49 Sept 2020 Single-center, observational study
of 115 consecutive patients
admitted with confirmed STEMI

COVID vs no -COVID outcomes,
compariso of bloodwork
analysis; t rombus burden,
Thromboly is in Myocardial
Infarction IMI) flow, length of
hospitaliza ion, and need for ICU
admission

Patients with STEMI and COVID
infection had higher levels of
troponin, d-dimer, and CRP;
higher rates of multivessel
thrombosis and stent
thrombosis; longer hospital
stays and more frequent
admission to ICU

(continued on next page)
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TABLE 1. (continued)

Author Year Study type & patients included Measures Outcomes/Findings

Saad M et al.50 October 2021 Retrospective cohort study of
80,449 adult patients admitted
with out-of-hospital or in-hospital
STEMI at 509 different centers

Comparison f in-hospital
mortality b tween COVID and
non-COVID atients

Patients with diagnosis of COVID
had significantly higher rates of
in-hospital mortality compared
with patients without COVID

Jabri A et al.60 July 2020 Retrospective cohort study of
1914 patients presenting with
acute coronary syndrome who
underwent angiography during
COVID pandemic

Incidence of tress-induced
cardiomyo athy during COVID
pandemic ompared with prior to
COVID pan emic

Incidence of stress
cardiomyopathy during COVID
pandemic was significantly
higher at 7.8% compared with
pre-pandemic incidences of
1.5%-1.5%

Dweck MR et al.62 Sept 2020 Prospective international survey
study of 1216 patients with
COVID from 69 different
countries

Patient char teristics, indications
for echo, e hocardiographic
findings, a d impact of
echocardi raphy on next
managem t

55% of patients had abnormal
echo, 15% with severe cardiac
disease; in patients with no pre-
existing cardiac disease (901),
46% had abnormal findings with
13% having severe disease

STEMI, ST-segment elevation myocardial infarction, CRP, C-Reactive Protein; ICU, Intensive care nit; CV, Cardiovascular; MI, Myocardial infarction. A
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upper reference limit.10.13,43 Myocardial injury associated with COVID-

19 has been described in many clinical scenarios including acute plaque

rupture, thrombosis due to hypercoagulable state, and supply and demand

mismatch leading to Type II myocardial injury.13 Demand mismatch

could be observed in a variety of settings including hypoxia from severe

lung pathology, fever or tachycardia due to sepsis, or declining cardiac

function.40 Other clinical presentations with troponin elevations include

stress-induced cardiomyopathy and myocarditis.13,44 Diverse pathologies

can lead to troponin elevation; hence, it is important to distinguish

between ACS and other etiologies to ensure appropriate treatment.

In the setting of acute plaque rupture during COVID-19 infection, the

mechanism is thought to be from virus-induced stress response. This is

particularly noted in later stages of severe COVID-19 infection by endo-

thelial and hemostat.13,45 Additionally, the virus can directly cause plaque

instability and rupture through the ACE2 receptor expressed on vascular

endothelial.46

Percutaneous coronary intervention remains the mainstay for treatment

of ST-elevation myocardial infarction (STEMI) regardless of COVID-19

status.47 Fibrinolytic therapy should be restricted to patients with severe

bilateral COVID-19 pneumonia, ARDS, or overall poor prognosis who

otherwise would not survive invasive intervention.48 In those who present

with non-ST elevation MI (NSTEMI), clinical decision-making in the set-

ting of COVID-19 remains cumbersome.13,47 If the clinical scenario is

difficult to distinguish between plaque instability vs demand mismatch, it

is reasonable to initiate medical therapy and further diagnostic testing

with echocardiogram and coronary CT angiogram, and risk stratification

further aiding in the decision to pursue early invasive treatment

strategy.13,48

Biochemical findings suggestive of myocardial injury lend themselves

to a poor prognostic indicator. A retrospective study of 115 patients com-

pared patients presenting with STEMI with and without concomitant

COVID-19 infection.49 Results were significant for higher rates of multi-

vessel thrombosis, in-stent thrombosis, and higher doses of heparin

required to reach therapeutic levels in those with COVID-19 infection.

These factors contributed to longer hospitalizations and increased mor-

bidity and mortality. Interestingly, aside from increased troponin and D-

dimer levels, the remaining laboratory findings were similar between

patients who tested positive for COVID and those who tested negative.49

A retrospective study of over 80,000 patients compared out-of-hospital or

in-hospital STEMI in patients with and without COVID-19.50 Results

were significant for increased in-hospital mortality in patients with a
10 Curr Probl Cardiol, 00 2022
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concomitant diagnosis of COVID-19 compared to patients without

COVID-19. This large retrospective study highlights the impact COVID-

19 has on mortality from ACS. Table 1 summaries clinical trials address-

ing coronary ischemia in COVID-19 patients.
Cardiomyopathy
Cardiomyopathy and heart failure have been well-described CV com-

plications in the setting of COVID-19. New-onset heart failure has been

detected in as many as 25% of patients hospitalized with COVID-19, and

up to 33% in critically ill patients.51 The clinical presentation can vary

from compensated heart failure syndrome to cardiogenic shock.52 Etiolo-

gies include primary cardiomyopathies, stress-induced cardiomyopathies,

and myocarditis resulting in cardiac dysfunction.13,51 The pathophysiol-

ogy is thought to be from indirect myocardial injury predisposing patients

to new-onset cardiomyopathy or worsening of pre-existing LV

dysfunction.13,53

Acute lung injury and ARDS increase the afterload of the right ventri-

cle (RV) leading to right heart strain. Eventually, RV dilatation and dys-

function can occur leading to right heart failure. Those who are intubated

are initiated on a lung-protective strategy consisting of high positive end-

expiratory pressure (PEEP) and low tidal volume. PEEP increases RV

afterload leading to a decreased left ventricular (LV) preload while ulti-

mately causing a decrease in cardiac output.54 The RV is particularly sus-

ceptible to changes in afterload. Small changes in pulmonary vascular

resistance, especially acutely, as seen in ARDS can lead to reduced RV

contractility and ultimately cardiac output.55 The aforementioned factors

associated with the treatment of ARDS increase the work of the heart

augmenting patients’ clinical deterioration.56

A retrospective study of 191 patients with COVID-19 had a reported

incidence of heart failure in 23% of patients with a mortality rate of 52%

of patients with diagnosed heart failure.36 Interestingly, another retro-

spective study of 113 deceased patients showed that aside from ARDS

and sepsis, heart failure was the second most common complication with

an estimated mortality of 49%.57 Many patients who develop cardiogenic

shock in the setting of COVID-19 have a high mortality rate despite max-

imal medical therapies. A case series in China reported an 83% mortality

rate despite management with extra-corporeal membrane oxygenation

ECMO.58

Takotsubo or stress-induced cardiomyopathy (SIC) is characterized by

transient reduction in LV function with associated apical ballooning.59
Curr Probl Cardiol, 00 2022 11
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There has been an elevated incidence of patients presenting with ACS

ultimately diagnosed with SIC during the COVID-19 pandemic (7.75%

during pandemic vs 1.5%-1.8% pre-pandemic), signifying an increased

stress burden in the general population supporting the significant psycho-

social impact of the COVID pandemic.60 Similarly, there has been a posi-

tive correlation between increased incidence of SIC in patients with

COVID-19 infection, presumably from an increased catecholamine

state.10,61 A study evaluating the incidence of SIC in COVID-19 included

1200 patients and reported 2% of the patients had concomitant SIC diag-

nosed by echocardiogram.62 Another study with 118 patients showed that

4.2% of patients with COVID-19 had imaging evidence consistent with

SIC.10,63 Both studies proved SIC to have a higher incidence in COVID-

19 patients than the general population.62,63 Treatment of SIC in COVID-

19 patients mirrors the mainstay treatment for SIC with beta-blockers,

ACE inhibitors or angiotensin receptor blockers. Clinical trials evaluating

cardiomyopathy can be found in Table 1.
Thrombosis
An increased risk of thromboembolic events has been reported with

COVID infection.64,65 Briefly analyzing this in the context of Virchow’s

triad can help to explain the pathophysiology and identify potential treat-

ment strategies. Severe hypoxia increases blood viscosity thus contribut-

ing to stasis and hypercoagulability. The cytokine storm and

hyperimmune-related dysfunction trigger endothelial and platelet activa-

tion and dysfunction. These effects are potentiated in the setting of CV

comorbidities. Despite this, acute arterial thrombotic events including

stroke and ACS have been described in patients with no such

comorbidities.20

A study of 3300 patients hospitalized for COVID pneumonia in the

New York health system during initial peak pandemic times found that

over 16% experienced a thrombotic event in the form of deep venous

thrombosis (DVT), pulmonary embolism (PE), MI or stroke, which was

much greater compared to the 5.9% associated with the influenza pan-

demic of 2009.66 Studies evaluating patients admitted to the ICU have

reported up to a 30% incidence of thromboembolic events.67 Further-

more, the rate of these events was found to be greater in COVID ARDS

patients as compared to non-COVID ARDS patients even after correction

for confounding comorbidities.68,69 A small review evaluating COVID

patients diagnosed with LV thrombus found that up to 20% of patients

had no baseline comorbidities further underscoring the increased rate of
12 Curr Probl Cardiol, 00 2022
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thromboembolic complications associated with COVID infection.70 An

autopsy series of COVID-19 patients showed an extensive presence of

platelet-rich thrombi in the pulmonary, hepatic, renal, and cardiac micro-

vasculature.71 Interestingly, there was an increased concentration of meg-

akaryocytes predominantly in vascular beds of the pulmonary and

cardiac systems despite patients receiving full anticoagulation. Consistent

with this, a retrospective study of patients with severe COVID found a

high rate of thromboembolic complications despite the use of therapeutic

anticoagulation.72

Elevated concentrations of d-dimer and fibrin degradation products

have been noted in COVID infection and are associated with poor

prognosis.73,74 This has spurred an investigation into the use of therapeu-

tic anticoagulation based on d-dimer levels. More recently in the Hep-

COVID trial, therapeutic Lovenox was found to decrease the composite

outcome of major thromboembolic events and death in hospitalized

patients with mild to moderate COVID with very elevated D-dimer lev-

els.75 A similar benefit was not seen in ICU patients. Although this was a

small study, it shows promise for a disease-modifying treatment. This

imparts an increased risk of bleeding with reports of fatal hemorrhagic

events including retroperitoneal and intracranial bleeds in the setting of

therapeutic anticoagulation in COVID patients.76,77 Prophylaxis, at the

very least, is strongly recommended for all patients admitted with

COVID-19 infection using low molecular heparin as the preferred option

unless contraindicated.

Thrombotic events described in the setting of COVID are likely multi-

factorial. precipitated from endothelial dysfunction with resultant activa-

tion of platelets, recruitment of leukocytes and hyperinflammatory

reaction.78-80 Additionally, patients are typically immobile leading to

increased stasis and subsequent hypercoagulable state.81 Table 2 summa-

ries studies evaluating thrombosis in COVID-19.
Myocardial Fibrosis
It has been reported that both asymptomatic and symptomatic patients

can develop myocardial fibrosis in the setting of COVID infection. The

pathophysiology is theorized to be from fibroblastic deposition with the

myocardium, replacing the damaged myocytes. Additional mechanisms

of action include a hyperinflammatory response leading to immune cell

deposition within the myocardium and activation of myofibroblasts lead-

ing to fibrosis.82
Curr Probl Cardiol, 00 2022 13



TABLE 2. Summary of studies evaluating thrombosis in COVID-19 patients

Author Year Study type & patients included Measures Outcomes/Findings

Bilaloglu S et al.66 July 2020 Retrospective analysis of 3334
patients >18yrs old admitted to
NYU Langhorne hospital (ICU
and non-ICU) for SARS-COVID

Risk factors for thromboembolism,
thromboembolism event rate,
all-cause mortality

Prior MI, CAD, and high D-dimer
levels were associated with
thrombotic event which occurred
in 16% of patients; all-cause
mortality was higher in those
with thrombotic events

Klok FA et al.67 April 2020 Retrospective analysis of 184
patients admitted to ICU in
Netherlands for SARS-COVID

Composite outcome and event
rate of venous and arterial
thromboembolic events

31% of patients experienced
thromboembolic event;
pulmonary embolism was most
frequent

Lu YF et al.69 August 2020 Meta-analysis of 25 observational
studies on VTE (PE, DVT)
incidence & therapeutic
anticoagulation

Pooled incidence of VTE and
relationship between
therapeutic anticoagulation and
mortality

Rates of VTE were >20%, higher
among ICU patients; therapeutic
anticoagulation not associated
with decreased mortality

Llitjos JF et al.72 May 2020 Retrospective study of 26
consecutive ICU patients with
COVID-19 screened for VTE

Incidence of VTE among patients
on prophylactic vs therapeutic
anticoagulation

Patients on prophylactic
anticoagulation had higher
incidence of VTE

Rapkiewicz et al.71 June 2020 Autopsy series including 7
patients who died from COVID-
19

Histopathological changes of lung,
heart, kidneys, liver

Plentiful platelet-rich thrombi and
megakaryocytes in all tissues
even in patients with full
anticoagulation

Spyropoulos et al.75 October 2021 Randomized clinical trial of 253
patients hospitalized for COVID-
19 with D-dimer levels >4x
normal or SIC >4

Arterial or venous
thromboembolism, death,
bleeding with prophylactic vs
therapeutic anticoagulation

Therapeutic LMWH reduced
thromboembolic events and
death compared to standard
prophylaxis in patients not in ICU
with high D-dimer levels
(P = .004)

ICU, Intensive care unit; MI, Myocardial infarction; CAD, Coronary artery disease; VTE, Venous thromboembolism; LMWH, Low molecular weight heparin;
SIC, sepsis-induced coagulopathy score.
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Two case reports have demonstrated diffuse interstitial fibrosis in

patients who reported no previous history of myocarditis with COVID

and presented 3-6 months later with cardiac symptoms.83,84 Another

study of 26 patients who had recovered from COVID demonstrated that 7

were found to have cardiac MRI findings consistent with fibrosis after

developing cardiac symptoms.85 Another study evaluated 14 deceased

COVID patients and found 6 of these patients had focal myocardial fibro-

sis. It was realized that all 6 patients had a history of MI however.79 Over-

all, there appears to be a connection between COVID and the

development of cardiac fibrosis through the aforementioned mechanisms;

however, it is difficult to establish a definitive timeline on the develop-

ment of fibrosis as a result of COVID infection.
Cardiovascular Effects from Treatment/Prevention
Modalities

With the acute and novel nature of the COVID-19 pandemic, a variety

of medications have been trialed in search of an adequate treatment and

prevention strategy. Most of the treatment modalities are medication-

based and unfortunately, only a few have been shown to actually improve

the clinical course. Although potentially beneficial, many of these medi-

cations have serious side-effect profiles. Summary of cardiovascular

effects of COVID-19 treatment modalities can be found in Table 3.
Hydroxychloroquine/chloroquine and Azithromycin
Hydroxychloroquine and chloroquine are a mainstay for the treatment

of malarial and rheumatologic diseases. Alongside azithromycin, they

became a popular choice for the treatment of COVID-19 early in the pan-

demic due to the intrinsic antiviral and anti-inflammatory properties in

conjunction with the promising results of in vitro experimentation.86-88

Despite this, high-quality evidence supporting clinical utility is sparse

with more and more studies showing little efficacy.89-91 Furthermore,

there may be an added harm associated with hydroxychloroquine-induced

QT-prolongation and resultant arrhythmias such as Torsades de pointes,

ventricular tachycardia, and cardiac arrest.91 Clinical implications of the

QT-prolongation, however, have conflicting data. Several studies have

shown no significant difference in arrhythmogenic events and overall out-

comes.92-94 QTc prolongation tended to occur more often in COVID

patients who had worsening renal disease and myocardial injury.95

Whether the harm is theoretical or not, the available evidence has not
Curr Probl Cardiol, 00 2022 15



TABLE 3. Cardiovascular effects associated with COVID-19 Treatment Modalities

Drug Mechanism of action in

COVID

CV Adverse Effects

Hydroxychloroquine/Chloroquine Interference in endocytic
pathway
Prevention of cytokine
storm
Prevention of pH-
mediated spike protein
cleavage at ACE-2R

QT-prolongation, ventricular
tachycardia, cardiac arrest

Remdesivir Inhibition of viral
replication, increased
clearance

QTc-prolongation, bradycardia,
heart block

Dexamethasone Glucocorticoid-mediated
anti-inflammatory effects

Heart failure exacerbation,
arrythmias, electrolyte
imbalance

Tocilizumab Anti-inflammatory via IL-6
inhibition

QTc-prolongation

Baricitinib Anti-inflammatory via JAK
pathway inhibition

Arterial and venous
thromboembolism

Nirmatrelvir and ritonavir
(Paxlovid)

Anti-inflammatory via
protease inhibition

Hypertension, cytochrome
P450 3A4 inhibition

Molnuparivir Direct-acting antiviral Minimal
mRNA vaccines mRNA encoding for viral

spike protein
Myocarditis, pericarditis, POTS

CV, Cardiovascular; ACE, Angiotensin converting enzyme; RNA, Ribonucleic acid; POTS, Pos-
tural orthostatic tachycardia syndrome.
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shown significant efficacy with the use of hydroxychloroquine/chloro-

quine with or without azithromycin and therefore it is not currently rec-

ommended for use in COVID-19 infection.
Remdesivir
Remdesivir, an RNA polymerase inhibitor, has been shown to shorten

recovery time in patients hospitalized with COVID.96 It is currently

approved by Food and Drug Administration (FDA) for use in these

patients, and more recent data have suggested a possible role in non-hos-

pitalized patients at high risk for COVID-19 disease progression.97 The

most commonly reported side-effects include infusion site reaction, ele-

vated liver enzymes, acute kidney injury, and hypotension.98 From a car-

diac standpoint, Remdesivir has been implicated in the development of

QTc prolongation, bradycardia, and even heart block.99 Case reports

have noted the resolution of bradycardia and complete heart block after

stopping Remdesivir.99-101
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Dexamethasone
Dexamethasone is a synthetic glucocorticoid that mimics the action of

steroid compounds produced in the body through strong anti-inflamma-

tory and immunosuppressive effects via a multitude of mechanisms: (i)

Decrease in leukocyte concentration and adhesion to endothelium (ii)

Inhibition of phagocytosis and lysosomal degradation thereby decreasing

immune cells and blocking IgE-dependent secretion of histamine and leu-

kotrienes, and (iii) Inhibit the release of cytokines.102 Dexamethasone has

been the most promising treatment modality studied and has shown to

reduce mortality. High-dose corticosteroids should be used with caution

in patients with cardiac comorbidities due to the potential adverse side

effects such as heart failure exacerbation and arrhythmias.102
Tocilizumab
Tocilizumab is a recombinant IgG monoclonal antibody that binds to

the soluble and membrane-bound receptor for IL-6, which inhibits the

signaling pathway thereby decreasing the proinflammatory effects associ-

ated with IL-6.103 Tocilizumab has been shown to reduce mortality and

the need for mechanical ventilation in COVID-19 patients; however, the

statistical significance has varied among trials.104,105 Many adverse

effects have been documented including the development of QT interval

prolongation.105,106
Baricitinib
Baricitinib is a selective inhibitor of JAK-1 and JAK-2 which mediates

cytokine signaling and growth factors involved in hematopoiesis, inflam-

mation, and immune response.107 Baricitinib has been shown to signifi-

cantly reduce the induction of IL-6. Approved by the FDA for use

alongside Remdesivir, the combination reduces times to recovery among

hospitalized COVID patients.108 Despite this, there is a dose-dependent

relationship between Baricitinib and acute arterial and venous thrombo-

embolic events.109 Baricitinib should be immediately stopped if there is

concern for thromboembolism.
Paxlovid (Nirmatrlvir and Ritonavir)
Paxlovid is a combination of a protease inhibitor and HIV-1 and HIV-2

protease inhibitor (ritonavir).104 Paxlovid has been given emergency use

authorization by the FDA in the treatment of COVID-19 patients with
Curr Probl Cardiol, 00 2022 17
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mild to moderate symptoms as an outpatient medication.110 A study

showed that Paxlovid reduced the risk of hospitalization or death by

89%.111 The utilization of Paxlovid is relatively new, however, hyperten-

sion has been depicted as a common adverse effect.112 The ritonavir com-

ponent of Paxlovid is a CYP3A inhibitor and can cause serious elevations

of drugs metabolized by CYP3A including amiodarone.112 Post-market-

ing surveillance will bring to fruition any further cardiac implications

associated with Paxlovid use.
Molnuparivir
Molnuparivir is an antiviral that is converted to a synthetic cytidine

nucleoside inside the host’s body leading to the introduction of errors

introduced into the virus’s genome resulting in defective viral compo-

nents.113 Molnuparivir has been shown to increase time to viral clearance.

In the small-scale clinical trials, Molnuparivir was very well tolerated

without any noted cardiac side effects114. Post-marketing surveillance

will be needed to further investigate any potential cardiac implications on

a larger scale.
mRNA COVID-19 Vaccination
mRNA vaccinations were unprecedented and developed in less than 1

year after the outbreak of COVID-19 in the United States.115 After emer-

gency use authorization, post-marketing surveillance discovered reports

of myocarditis and pericarditis associated with these vaccination.116,117

The adjusted risk ratio for those 16-24 years of age was determined to be

0.94, and ultimately resulted in an FDA warning.115 There was a high

incidence of myocarditis cases among the male population. A report from

the Israeli Ministry of Health noted 1/3000 to 1/6000 men aged 16-24

developed myocarditis or pericarditis following vaccination

administration118.

It is hypothesized that myocarditis occurs due to a high antibody

response in a portion of the young adult population with a response simi-

lar to a multisystem inflammatory syndrome that occurs in children diag-

nosed with COVID-19.119 Other potential causes include vaccination

induction of the innate inflammatory response between the viral protein

and an unknown cardiac protein or the vaccine itself leads to cytokine

activation of pre-existing immune cells in young adults who were previ-

ously infected yet had an asymptomatic presentation of COVID-

19.120,121 Diagnosis is typically achieved through a combination of
18 Curr Probl Cardiol, 00 2022
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positive inflammatory markers (C-reactive protein and erythrocyte sedi-

mentation rate), troponin elevation, electrocardiogram, echocardiogram,

and cMRI.115 Typically, vaccine-induced myocarditis and pericarditis are

self-limited. The long-term impact of vaccine-induced myocarditis and

pericarditis are currently unknown.

Postural orthostatic tachycardia syndrome (POTS) is an autonomic con-

dition characterized by tachycardia with associated orthostatic intolerance

upon standing without accompanied hypotension.122 COVID-19 vaccina-

tions have been associated as one of the triggers of POTS, with few case

reports depicting the association between the mRNA vaccine for COVID-

19 and the development of POTS post-inoculation. It has been hypothe-

sized that POTS results from a disruption in the ACE2 receptor.123

Regardless of the risk of development of cardiovascular side effects to

the COVID-19 vaccination, it is still strongly recommended to obtain a

vaccine as cardiovascular side effects are rare.115
Long-term Cardiac Implications Following Recovery
Many of the cardiac complications identified with acute infection com-

plicate the patient’s clinical course and are associated with high morbid-

ity and mortality. Those who are fortunate to survive are at risk for long-

term cardiac complications. A recent study evaluated the 1-year burden

in cardiovascular diseases in over 150,000 COVID-19 patients.124 An

increased incidence of arrhythmias, ischemic and nonischemic cardiomy-

opathy, pericarditis, myocarditis, and thromboembolic disease were

observed, suggesting a significant risk of cardiovascular disease in

COVID-19 survivors.

As SARS-CoV-1 infection uses the same cell entry receptors as the

COVID-19 virus, the cardiac complications appear similar to those seen

with SARS-CoV-1.125,126 SARS-CoV-1 has been associated with arrhyth-

mias, cardiomegaly, and hypotension in the acute setting with long-term

follow-up studies suggesting an increased risk for cardiovascular disease

including myocardial infarction, fatal coronary heart disease, atheroscle-

rosis, and hyperlipidemia.126 There was an observed recovery in diastolic

and systolic function at 30 days for a majority of SARS-CoV-1 patients.

Based on the SARS-CoV-1 studies, long-term cardiac complications

from COVID-19 are suggested.126 Manifestations such as cardiomyopa-

thy may be reversible in 30-90 days post-infection; however, it is hypoth-

esized that an increased risk for atherosclerosis and its complications

may be apparent years post-infection evidenced by long-term follow-up

studies for SARS-CoV-1 patients. A German study evaluated 100
Curr Probl Cardiol, 00 2022 19
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recovered COVID-19 patients at a minimum of 2 weeks after diagnosis

with cMRI, which revealed cardiac involvement and continued myocar-

dial inflammation in 78% and 60% of patients respectively.127

For stress-induced cardiomyopathy, long-term follow-up is indicated

to ensure recovery of ejection fraction. Prior observational studies have

depicted long-term symptomology in patients with stress-induced cardio-

myopathy despite resolution in ejection fraction.128 These studies were in

the absence of COVID-19 as an insult however should be considered

when monitoring COVID-19 survivors.

Long-term implications for patients with myocarditis in the setting of

COVID-19 are unknown. However, it is important to consider complica-

tions such as atrial and ventricular arrhythmias and non-ischemic cardio-

myopathy that does not recover despite optimal medical therapy in the

setting of viral myocarditis.3 Case series have described autopsies that

discover myocarditis as the culprit of young adults with sudden cardiac

death.3 One case reported VF in a patient with myocarditis and recovered

ejection fraction.129 Ventricular arrhythmias are inculpated in sudden car-

diac death and therefore high-risk patients should be monitored closely.3

Children have been reported to develop a syndrome similar to Kawa-

saki disease referred to as multisystem inflammatory syndrome in chil-

dren (MIS-C). MIS-C characteristically develops 4-6 weeks post-

COVID-19 infection in which children exhibit signs of hyperinflamma-

tory state with symptoms of diarrhea, vomiting, severe cutaneous mani-

festations similar to toxic shock syndrome, and multiorgan

dysfunction.130 The cardiac manifestations are myocarditis, pericarditis,

pericardial effusion, and coronary artery abnormalities.131 There have

been case reports of MIS in adults with similar cardiac complications.132

Long-term implications are unknown.126

Long-COVID symptoms include breathlessness, palpitations, chest dis-

comfort, fatigue, orthostatic intolerance along with a cluster of other non-

specific symptoms. These symptoms in combination with orthostatic

tachycardia are referred to as POTS post-COVID-19. There have been a

series of case reports depicting this manifestation.133 POTS in the absence

of COVID-19 is underdiagnosed due to lack of familiarity with syndrome

suggesting that post-COVID-19 patients face similar barriers to diagno-

sis.134 Further research is indicated to determine long-term sequelae.
Conclusion
COVID-19 can lead to a plethora of complications involving the heart,

especially in patients with baseline comorbidities such as diabetes,
20 Curr Probl Cardiol, 00 2022



ARTICLE IN PRESS
hypertension, and obesity. An awareness of the pathophysiology and pre-

sentations of the cardiac components of COVID-19 are particularly bene-

ficial as cardiac manifestations are associated with a significant increase

in morbidity and mortality. Additionally, clinicians should be mindful of

the cardiac consequences from treatment modalities and vaccination.

Regardless of the cardiovascular side effects, it remains strongly recom-

mended to receive the vaccination. For those who are COVID-19 survi-

vors, a high clinical suspicion for the development of long-term cardiac

sequelae is pertinent to ensure that improvement in quality of life and

life-threatening cardiac complications can be identified and managed.
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