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SYNOPSIS

Cardiovascular complications associated with SARS-CoV-2 infection are common and lead to
high mortality in the acute phase and high morbidity in the chronic phase impacting an
individual's quality of life and health outcomes. Patients afflicted with COVID-19 infection
display an increased risk for myocarditis, dysrhythmia, pericarditis, ischemic heart disease, heart
failure, and thromboembolism. Although cardiovascular complications are reported across all
patients with COVID-19, hospitalized patients with severe infection are most vulnerable. The
underline pathobiology remains poorly defined albeit complex. Following current guidelines in
decision-making for evaluation and management in addition to the beginning or returning

exercise is recommended.

Keywords: COVID-19, Cardiovascular complications COVID-19, Post-acute sequelae of

SARS-CoV-2 infection, Cardiac, myocarditis, dysrhythmia, heart failure



KEY POINTS

e Cardiovascular complications are a common manifestation of acute and post-acute
COVID-19 infection.

e Complications include cardiomyopathy, myocardial infarction, arrhythmias, heart failure,
and deep venous thrombosis.

e Pathophysiology remains poorly defined and complex.

e No single study has proven a distinct treatment for post COVID-19 associated
cardiovascular disease; therefore, it is recommended to follow established guidelines for
treating specific cardiovascular conditions.

e Cardiac rehabilitation program is advised for individuals who meet the established

criteria for cardiac rehabilitation.



INTRODUCTION

In the initial three years of the pandemic, the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), the etiological agent of COVID-19, has infected more than 600 million
individuals causing over 6 million deaths.! COVID-19 can target multiple systems in the bodly,
including the cardiovascular (CV) system. Multisystemic involvement can be present during the
acute phase of the infection and may continue or develop even long-term. This extended
presentation of COVID-19 is referred to long COVID, long-haul COVID, and Post-acute sequela
of SARS-CoV-2 infection (PASC).2 CV manifestations associated with COVID-19 are diverse.
The spectrum includes symptoms ranging from dyspnea, impaired activity tolerance,
palpitations, and chest pain, to more complex syndromes such as cardiomyopathy, myocardial
infarction, arrhythmias, heart failure, and deep venous thrombosis.® The global burden from
CVD include nearly 18 million death. # Due to the COVID-19 pandemic, this number is to
growth, aggravating heart disease's incidence, prevalence, and economic load. The epidemiology
of CVD in the setting of prevalent COVID-19 is an area of active investigation, with a particular

focus on establishing the paradigm of disease course and its impact on CV health outcomes.

BACKGROUND AND DISCUSSION

Acute cardiovascular manifestations of COVID-19

Acute myocardial injury, defined by an elevation of serum cardiac troponins in the absence of
electrocardiographic or echocardiographic evidence of acute ischemia, has been described as the
most common and early cardiac abnormality during the acute phase of COVID-19. Initial studies
at the pandemic's beginning reported incidences ranging from 1%-100%.°> More recent studies
have placed the incidence of acute myocardial injury in the setting of COVID-19 at ~31%.% The

reported differences may reflect the significant heterogeneity of the definitions used and the



population studied. Despite the difference in reported incidence, all studies showed that levels of
cardiac troponin in COVID-19 correlate with clinical disease severity, inflammatory and
prothrombotic markers, older age, and the presence of CV risk factors. Moreover, elevated
troponin levels were found to be associated with increased in-hospital mortality and
arrhythmias.>®

Mechanisms of cardiac injury during the acute phase of COVID-19 include direct and indirect
routes. The unique affinity of SARS-CoV-2 for the host angiotensin-converting enzyme 2
(ACE2) receptor raises the possibility of direct viral infection of the vascular endothelium and
myocardium. ’ SARS-CoV-2 viral particles have been identified in cardiomyocytes obtained
from heart biopsies, * supporting the notion of virus invasion. 8 In addition, SARS-CoV-2 can
invade endothelial cells and cause endotheliitis. Furthermore, the cytokine storm triggered by the
immune response against SARS-CoV-2 might also cause direct cardiac injury. In this regard, a
multicenter pathology study found inflammatory cardiac changes, including interstitial
macrophage infiltration affecting 86% of the studied patients. °

Several lines of evidence also support an indirect mechanism for cardiac injury. Namely,
respiratory failure may induce hypoxic injury with an acute imbalance in myocardial oxygen
supply without atherothrombosis (type 2 myocardial infarction). 1° In addition, overwhelming
cytokine release and excessive Angiotensin Il activity may lead to endothelial activation,
increased endothelial permeability, vascular inflammation, and inflammation-induced
hypercoagulability with intracoronary thrombosis (type | myocardial infarction). 1 In fact,
histopathologic and immunohistochemical analysis of COVID-19 cases have shown cardiac
fibrin microthrombi and megakaryocytes within the cardiac microvasculature, suggesting that

thrombosis may play an important role in myocardial injury during the disease.!**2 In addition,



atherosclerotic plaque instability and rupture, increased metabolic demand, and reduced cardiac
reserve with myocardial dysfunction has also been described as potential mechanisms of cardiac
injury.'® (See Figure 1)

The incidence of myocardial infarction in patients with acute COVID-19 infection remains
unclear. A precise diagnosis of ST-elevation myocardial infarction (STEMI) is difficult since
COVID-19 can cause myocarditis, coronary spasm, and stress cardiomyopathy, all mimicking
STEMI. Moreover, during the initial stages of the pandemic, significant concerns regarding the
safety of hospital personnel delayed diagnostic and treatment procedures such as percutaneous
coronary interventions, limiting an accurate diagnosis of the acute ischemic coronary
syndrome.*# It has been reported that approximately 40% of COVID-19 patients with STEMI did
not have obstructive coronary disease suggesting oxygen supply-demand imbalance as the
pathophysiological mechanism. *

COVID-19 is a significant risk factor for myocarditis, with risk varying by age group. A
comprehensive study using an extensive U.S. hospital-based administrative database of
healthcare encounters from >900 hospitals found that among patients with myocarditis ~42% had
a history of COVID-19. ¥ Although direct myocardial injury is the most common mechanism of
viral myocarditis, the exact mechanisms in SARS-CoV-2 infection remain largely unknown.6:1
Cardiac arrhythmias are associated with high morbidity and mortality among patients
hospitalized with COVID-19 infection, with only half of them reported surviving hospital
discharge. Atrial fibrillation was the most common occurring in approximately 80% of patients
with arrhythmias, followed by bradyarrhythmia (~23%) and ventricular arrhythmias (~21%).18
Patients with a high burden of comorbidities and preexisting CVD, including congestive heart

failure (HF) and coronary artery disease, were more predisposed to develop arrhythmias during



COVID-19 infection. 8 Multiple mechanisms have been hypothesized for the development of
arrhythmias, including COVID-19-associated electrolyte disturbances such as hypomagnesemia
or hypokalemia. Other influencing factors involve systemic inflammation and viral-induced
injury in the cardiac conduction system. 8

HF in patients with COVID-19 may be precipitated by acute illness, acute hemodynamic stress
(e.g., acute cor pulmonale), or acute myocardial injury.*® Patients with a previous history of HF
or preexisting heart disease were at risk of acute decompensation, extended hospital stays,
increased risk of mechanical ventilation, and mortality. 2° However, 22 % of patients with a new
diagnosis of HF during acute infection did not have history or risk factors for CVD. %

The presence of Takotsubo cardiomyopathy, a form of non-ischemic, stress-induced
cardiomyopathy (also known as Gebrochenes-Herz syndrome, transient apical ballooning
syndrome, apical ballooning cardiomyopathy, and broken-heart syndrome),?* has also been
demonstrated in COVID-19 patients. It is associated with higher cardiac and inflammatory
biomarkers, critical illness, lower ejection fraction, and higher mortality. 22 The mechanism may
involve the overwhelming stress caused by the infection with a catecholamine surge, the
overactive immune response from cytokine storm, and the development of coronary vasculature
dysfunction. %2

Patients with SARS-CoV-2 infection appear to have a high risk for thromboembolic
complications of up to 71%.%* Localized clot formation rather than diffuse thrombi is also a
unique feature in COVID-19 and is seen primarily in the lung vessels.** Multiple studies have
reported widespread procoagulant/hypercoagulable states, including thrombotic
microangiopathy, endothelial dysfunction, bleeding disorder, and thrombosis. The proposed

mechanism involves the cytokine storm from excessive inflammation causing endothelial injury



and platelet and coagulation factors activation. 22 However, we should remember the traditional
Virchow's triad: stasis of flow due to immobilization, intravascular vessel wall damage, and a

hypercoagulable state, all present in COVID-19 infection.?*

Post-acute cardiovascular manifestations of COVID-19

The post-acute sequelae or long-term CV complications of COVID-19 are defined as persistent
or new symptoms 4 or more weeks after the initial infection. Symptoms and signs may include
chest pain, palpitations, impaired activity intolerance, dyspnea, fatigue, and orthostatic
manifestations. The seriousness of these symptoms can be variable and are present in individuals
without a history of CVD (5-29% of patients). 2>?° Specific CV syndromes can also be present
and are associated with more severe CV complications of COVID-19 and comprise pericardial
effusion, cardiac injury leading to myocarditis, myocardial infarction, left or right ventricular
dysfunction, arrhythmias, congestive heart failure, and nonspecific findings on imaging.?- In
fact, 60% of patients present active myocardial inflammation on cardiac magnetic resonance

(CRM).ZS'ZG

A recent study analyzed a cohort of more than 150,000 individuals with COVID-19 using a
national healthcare database from the US Department of Veterans Affairs. 3> Compared with 5.8
million historical and 5.6 million contemporary controls, individuals that experienced COVID-19
infection are at increased risk of ischemic and non-ischemic heart disease, myocarditis,
pericarditis, arrhythmias, HF, and thromboembolic events. *? In this study, CV complications
were reported in hospitalized and non-hospitalized patients, although the seriousness of the CVD
was directly associated with the severity of the initial COVID-19 infection. * Furthermore, CV

sequela of COVID-19 was present in all age groups, either sex, races, in patients without a



history of CVD, and in younger patients without CVD risk factors including hypertension,

obesity, hyperlipidemia, and diabetes.*?

Table 1 summarizes CV complications and reported prevalence during the acute and post-acute
infection. A significant variability in the frequency of specific symptoms or cardiac syndromes
across published studies is present, mainly due to differences in cohort characteristics, study

design, and SARS-CoV-2 variants, 272833

Mechanisms for continuing cardiac injury post-acute infection, are likely multifactorial. Long-
term functional and structural cardiac damage due to inflammation associated with viral
persistence in the heart tissue, immune dysregulation, and the development of autoimmune
response to cardiac antigens, have been proposed as potential mechanisms. 3 The perseverant
inflammation may cause tissue damage and myocardial fibrosis leading to decreased ventricular
compliance, impaired myocardial perfusion, increased myocardial stiffness, reduced
contractility, and potential arrhythmias.®%333* Neurophysiological mechanisms, such as central
nervous system sensitization, have also been proposed as a potential factor to explain CV
symptoms such as fatigue, dyspnea, orthostatic intolerance, and impaired activity tolerance in
PASC patients. * In addition, it has been shown that PASC patients had a lower peak oxygen
uptake (VOzpeak) 30% below predicted, suggesting that abnormal ventilation, circulatory
limitations, and deconditioning could be responsible for below-normal cardiorespiratory fitness

and explaining some of the cardiac symptoms present in those patients. ¢

EVALUATION AND MANAGEMENT
Considering the high prevalence of CV complications in the post-acute phase of COVID-19, it is

highly recommended to perform a comprehensive CV screening in individuals with either CVD



risk factors or CV complications during the acute phase. A comprehensive approach for
management and follow-up care of CVD associated with COVID-19 has been presented. 23 In
brief, the initial evaluation of the patient should include:

e A comprehensive review of COVID-19 past medical history.

A thorough assessment of lingering symptoms.

o Assessment of mental, physical, and cognitive health.

e Review of risk factors for CVD (obesity, hyperglycemia/diabetes mellitus,
hyperlipidemia, tobacco use, sleep apnea, sedentarism, poor nutrition, and stress).

o Assessment of previous tests, cardiology evaluations, and current CV history.

o Evaluation of current medications focusing on those prescribed for CV conditions and
medications with potential CV effect (beta-blockers, calcium channel blockers, ACE
inhibitors, anti-arrhythmic agents, anticoagulants, antiplatelet agents, antihistaminics,
cold decongestant medications).

A complete CV system examination and laboratory and cardiac tests should be requested to
diagnose, treat, and exclude serious pulmonary, thromboembolic, and cardiac complications.
These include complete blood count, electrolytes, troponin level, brain natriuretic peptide, D-
dimer, C-reactive protein, sedimentation rate, lipid panel, liver function tests, glucose, creatinine,
ECG, echocardiogram, functional capacity testing (stress testing, echo stress test, 6-min walking
test). Ambulatory cardiac monitoring (Holter, event monitor) should be requested when
palpitations, orthostatic intolerance, and arrhythmias are present. Additional testing is
recommended if significant abnormalities are found, including CRM and cardiac computed
tomography angiography (CTA). Invasive coronary angiography may be indicated for high-risk

individuals. Referral to specialist clinics, such as arrhythmia clinic and autonomic dysfunction



clinic, is highly recommended. In addition, referral to appropriate services such as physical and
occupational therapy, psychology, and social services will provide the necessary support to
alleviate the overall burden of the disease. 23334

In the absence of a distinct proven treatment for CV complications associated with post-acute
COVID-19, controlling CVD risk factors, and managing specific CV disorders using current
guidelines are recommended. %3¢ Management of viral myocarditis and stress cardiomyopathy
should be based on therapy for ventricular dysfunction and arrhythmic risk. Maintaining
adequate heart rate control is the preferred strategy when managing atrial fibrillation.34¢ Primary
percutaneous interventions (PCI) remained the standard of care for STEMI. Guideline-directed
medical therapy for long-term care should be administrated, including beta blockers, antiplatelet

agents, nitrates, statin, and heparin therapy.*’

Exercise interventions
Currently, no evidence-based guidelines for returning or starting an exercise program for patients
with CV symptoms associated with COVID-19 have been established. In this regard, NIH
recommendations are valuable in guiding the acute and subacute management of activities and
exercises in the setting of COVID-19. ® In brief, NIH guidelines recommend the following:
e Patients with asymptomatic or mild illness should not exercise for ten days after
symptoms onset or positive test.
e Patients with moderate disease (O2 saturations >94% at room air) should not exercise for
ten days after the resolution of symptoms.
e Patients with severe illness (O2 saturations <94% and respiratory rate > 30 breaths/min on

room air) requiring hospitalization or supplemental oxygen should refrain from exercises



for at least 14 days after resolution of the initial COVID-19 infection symptoms, with a
physician or advance practitioner assessing patient symptoms prior to starting an exercise
program.
e Patients with myocardial injury, acute coronary syndrome, and arrhythmias require
cardiology clearance before exercising and referral to cardiac rehabilitation (CR).
In addition to the NIH recommendations, patients with COVID-19 related myocarditis should
not start any CR or exercise program for 3-6 months. In this group of patients, if the left
ventricular ejection fraction (LVEF) is within normal and no arrhythmias are present, a lighter
exercise program can be started three months post-infection. However, if the patient displays a

low LVEF, they should be reevaluated six months before any exercise activity decision.¢=°

Growing clinical experience recommended that eligible individuals who meet the established
criteria for CR should be referred to specialized CR programs. *° Qualified patients include those
with evidence of an acute coronary event in the setting of COVID-19 with or without coronary
intervention, new myocardial dysfunction or valve disease that required surgical intervention,
worsening HF due to COVID-19, and heart transplant following COVID-19.4° The
multidisciplinary and comprehensive approach to CR provided the desirable environment to
support individuals with CV complications associated with COVID-19. Rehabilitation
interventions for individuals with PASC appear to improve certain clinical outcomes, including

quality of life, functional exercise capacity, and dyspnea.*

In parallel, exercise recommendations for patients with PASC have been developed based on the
comprehensive perspective from multidisciplinary experts in Physical Medicine and
Rehabilitation, CR, Cardiology, Internal Medicine, and Pulmonary and Critical Care. 23¢%° A

complete exercise recommendations and prescription are described in Box 1.



SUMMARY

CV complications are a common manifestation of acute and PASC infection. They span several
CV disorders, including myocardial injury, acute coronary syndromes, myocarditis,
cardiomyopathy, arrhythmias, HF, and deep venous thrombosis. The risk and burden of CVD
among those who survive the disease are substantial. Studies are necessary to elucidate the
interaction between SARS-CoV-2 and the CV system and the biological processes that result in
cardiac dysfunction. Evidence for the treatment of CV complications associated with SARS-
CoV-2 is lacking and CV manifestations are currently managed following established guidelines
developed prior COVID -19 pandemia. Understanding and refining diagnosis, treatment, and
exercise interventions are imperative to prevent and manage CV sequela and the progression of

CVD in high-risk patients in the context of a lengthy pandemic.

CLINICS CARE POINTS
e At present, no evidence-based guidelines for the management of post-acute
cardiovascular complications associated with COVID-19 are available.
e Accordingly, implementation of established guidelines for the treatment of specific
cardiovascular conditions is recommended.
e Patients who meet the established criteria for cardiac rehabilitation, should be referred to
specialized programs. Others may benefit from an individualized and gradually

progressive exercise program as recommended by a multidisciplinary panel of experts.
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Figure 1. Summary of potential mechanisms involved in the acute and post-acute cardiac

complications of COVID-19 infections

During the acute phase of the infection, myocarditis and arrhythmias are associated with direct
viral injury of the myocardium. In contrast, indirect injuries associated with exaggerated
inflammatory and hypercoagulability state are postulated to be involved in ischemic events.
Long-term complications are linked with persistent autoimmune and inflammatory responses

leading to structural changes and functional abnormalities.

Central illustration Courtesy of [Mayo Foundation for Medical Education and Research,

Rochester, Minnesota]; with permission



TABLE

Table 1. Cardiovascular complications secondary to Covid-19 26:14,15.18,25-31,33

Acute

Post-acute sequelae

Asymptomatic heart disease
Myocarditis 1.4-42%
Pericarditis 3.2%
Stress-induced Cardiomyopathy 2-4%
Myocardial Infarction (Type I
Type 2) 7-40%
Venous thromboembolism 15-21%
Arrhythmia 18-44%
Atrial Fibrillation/flutter 6.6-80%
Tachycardia
Bradycardia 12.8 -22.6%
Ventricular arrhythmia 20.7%
Heart failure 22-33%
Left ventricular dysfunction 10-16%
Right ventricular dysfunction 16-39%
Myocardial injury ~31%.
Cardiogenic shock

Symptoms

Chest Pain 5-20%
Palpitations 10-20%

Effort intolerance 12-19%
Dyspnea 18-62%

Fatigue 32-36%

Orthostatic intolerance 10%

Cardiovascular Syndromes

Pericardial effusion 1-30%
Cardiac injury
Myocarditis 4-60%
Myocardial Infarction 17-23%
Heart Failure 10-52%
Left Ventricle dysfunction 3-18%
Right Ventricle dysfunction 10-14%
Arrhythmias
Atrial Fibrillation 18%
Ventricular tachycardia/fibrillation 4-6%
Pericarditis 14%
Venous thromboembolism 15-21%
Myocardial edema and myocardial
abnormalities on cardiac magnetic resonance
(up to 78%)




Box 1. Suggestions for Exercise Prescription

1. Patients with PASC are diverse in terms of symptom severity, exercise capacity, and
perceived functional decline relative to pre-illness abilities. Exercise program
individualization is a must.

Assessment of exercise capacity with either CPX or the 6-min walk test is advised.

3. Patients with significant functional limitations benefit from physical and/or occupational

therapy before beginning a formal exercise program.

Start with a small dose of exercise with a gradual progression of duration and intensity.

Stop exercise if clinically significant symptoms occur, such as chest pain, palpitations,

excessive HR, severe dyspnea, lightheadedness/dizziness, pre-syncope/syncope,

excessive fatigue, peripheral edema, headache, and tunnel vision.

6. Participation in supervised exercise in a cardiopulmonary rehabilitation program (center-
based, home-based, or hybrid approach) is highly desirable. However, reimbursement
may not be available, and some rehabilitation staff may not be adequately prepared to
treat patients with PASC.

7. Aerobic exercise prescription specifics based on the acronym FITT-P (frequency,
intensity, type, time, progression) are as follows:

1. Frequency: daily; consider multiple brief (<10 min) daily sessions.

2. Intensity: begin with lower intensity (Borg perceived exertion ratings [RPE] of
10-11 on the 6- to 20-point scale, HR <60% of maximum).

3. Type: consider starting with non-weight-bearing modes of exercise for individuals
with limited capacities and/or orthostatic symptoms: recumbent stationary cycle,
recumbent stepper, rowing ergometer.

Time: conservative duration at first: >5-10 min.

Progression: Time: increase by 1-3 min/session, as tolerated with a goal duration

of 30-45 min; intensity: gradually progress to moderate intensity (RPE 12-13, HR

>80% of maximum); and further progress to moderate to higher intensity (RPE

14-17, HR >80% of maximum), as tolerated.

8. Resistance exercise prescription specifics based on the FITT-P acronym:

1. Frequency: 2-3 sessions/wk on nonconsecutive days.

2. Intensity: perform 10-15 slow repetitions of each exercise, RPE 11-13 or 40-60%

of one repetition maximum.

3. Time: one to three sets of 8-10 exercises for the major muscle groups; initial focus
should be on the lower extremities and body core for patients with POTS-like
symptoms. For these patients, gradually add other exercises for the major muscle
groups.

4. Type: elastic bands, hand weights, body weight, and weight training machines.

5. Progression: gradual progression of repetitions and resistance, as tolerated.
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Abbreviations: CPX, cardiopulmonary exercise testing; HR, heart rate; PASC, post-acute
sequelae COVID-19 syndrome; POTS, postural orthostatic tachycardia syndrome.

From: [ Smer A, Squires RW, Bonikowske AR, Allison TG, Mainville RN, Williams MA.
Cardiac Complications of COVID-19 Infection and the Role of Physical Activity. J Cardiopulm
Rehabil Prev. Jul 15 2022;d0i:10.1097/hcr.0000000000000701] with permission
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