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a b s t r a c t 

Acute cardiac manifestions of COVID-19 have been well described, while chronic cardiac sequelae remain less clear. Various studies have shown conflicting 

data on the prevalence of new or worsening cardiovascular disease, myocarditis or cardiac dysrhythmias among patients recovered from COVID-19. Data 

are emerging that show that patients recovering from COVID-19 have an increased incidence of myocarditis and arrhythmias after recovery from COVID-19 

compared with the control groups without COVID-19. The incidence of myocarditis after COVID-19 infection is low but is still significantly greater than 

the incidence of myocarditis from a COVID-19 vaccine. There have been several studies of athletes who underwent a variety of screening protocols prior 

to being cleared to return to exercise and competition. The data show possible, probable or definite myocarditis or cardiac injury among 0.4–3.0% of the 

athletes studied. Recent consensus statements suggest that athletes with full recovery and absence of cardiopulmonary symptoms may return to exercise 

and competition without cardiovascular testing. In conclusion, patients with COVID-19 may be expected to have an increased risk of cardiovascular 

disease, myocarditis or arrhythmias during the convalescent phase. Fortunately, the majority of patients, including athletes may return to their normal 

activity after recovery from COVID 19, in the absence of persisting cardiovascular symptoms. 

© 2022 Elsevier Inc. All rights reserved. 

I

t

C

l

D

H

t

s

e

m

o

p

w

c

w

d

v

p

t

m

j

i

s

s

m

A

e

S

m

o

d

l

k

t

v

C

i

e

m

h

1

ntroduction 

The coronavirus disease 2019 (COVID-19) pandemic caused by 

he novel severe acute respiratory syndrome coronavirus-2 (SARS- 

oV-2) has had a major impact on the practice of cardiovascu- 

ar medicine. The origin of the outbreak has been traced back to 

ecember 2019, but it was not until March 2020 that the World 

ealth Organization declared COVID-19 a pandemic [1] . The infec- 

ion can be asymptomatic or manifest with a wide spectrum of 

ymptoms, ranging from mild respiratory discomfort to life threat- 

ning sepsis [2] . Acute cardiac involvement has been well docu- 

ented, but its long-term significance is still evolving. One report 

f concern identified myocardial inflammation in 60% of infected 

atients during convalescence from COVID-19 [3] . The extent to 

hich COVID-19 causes cardiac abnormalities during the convales- 

ent or chronic phase of recovery remains undetermined. 

Many patients infected with SARS-CoV-2 remain symptomatic 

ith a variety of sequelae following the infection and have been 

escribed in the lay press as ‘long haulers.’ Chronic respiratory in- 

olvement and/or pertubations in autonomic neural function ap- 

ear more prevalent among the ‘long haulers.’ In this manuscript, 

he rationale for assessment of acute or chronic cardiac involve- 

ent is analyzed, along with the potential long-term sequelae that 

ustify an approach for long term cardiac surveillance and track- 
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ng of outcomes. Patients with new or worsening cardiopulmonary 

ymptoms during convalescent phase of COVID19 should have as- 

essment for cardiac injury and ascertainment of cardiac arrhyth- 

ias as clinically indicated. 

cute cardiac manifestations of COVID-19 

Myocardial involvement, as reflected by elevated troponin lev- 

ls, has been identified in 20–35% of patients hospitalized with 

ARS-CoV-2 infection [ 4 , 5 ]. Multiple pathophysiologic mechanisms 

ay be involved in acute cardiac involvement, including my- 

carditis, secondary effects from cytokine storm, ischemia due to 

emand-supply mismatch, and thrombosis, among others [6] . The 

ong-term consequences of acute myocardial involvement are un- 

nown [6] , as is the incidence of myocardial involvement in pa- 

ients not hospitalized, presumably with asymptomatic or less se- 

ere acute illness. 

OVID-19 and acute myocarditis 

Multiple viral agents may cause acute myocarditis, includ- 

ng cardiotropic viruses such as adenovirus, enterovirus and oth- 

rs [ 7 , 8 ]. Some viruses trigger myocarditis by immune-mediated 

echanisms, including HIV, hepatitis C, and influenza A and B. 

cute myocarditis appears to be an infrequently diagnosed com- 

lication during the acute phase of COVID-19 [9] . Hospital ad- 

inistrative data have shown that there is a 16-fold greater risk 

f myocarditis among patients with COVID-19 compared to the 

https://doi.org/10.1016/j.tcm.2022.06.003
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OVID-19 negative population [10] . Before SARS CoV2 was iden- 

ified, myocarditis-associated cardiac injury was rarely associated 

ith coronavirus infections. However, myocardial injury had been 

escribed with the SARS CoV virus in 2003 [11] , and Middle East 

espiratory Syndrome [12] in 2012. 

The mechanisms of cardiac injury related to SARS CoV-2 infec- 

ion are multifactorial, including direct viral myocyte infiltration, 

nduction of thrombosis/inflammation, hyperinflammatory state 

ssociated with catecholamine surge, immune activation and cy- 

okine release syndrome [13] . In addition to having potential ef- 

ects on myocardial function, these abnormalities may also pro- 

uce the electrophysiologic milieu for acute arrhythmias, including 

trial and ventricular arrhythmias, as have been noted during acute 

ARS-CoV-2 infection. 

accine associated myocarditis 

There have been several reports demonstrating an association 

etween vaccines for COVID-19 and myocarditis or cardiac ar- 

hythmias, particularly among young males. Data from the British 

ealth Service showed excess risk of myocarditis within 28 days 

fter vaccination with two doses of the mRNA vaccines of 10/mil- 

ion, which compares with an excess risk of 40/million for those 

ith a positive SARS CoV2 test [14] . The excess risk was particu- 

arly notable in males under the age of 40 years. In a study from 

srael, there was a relative risk of myocarditis of 3.24 (1.55-12.44) 

ith the mRNA vaccine (BNT162b2). However, this is significantly 

ess than the relative risk of 18.28 (3.95-25.12) for those infected 

ith SARS CoV-2. There was an excess of 2.7 cases of myocardi- 

is/10 0,0 0 0 after the vaccine compared with an excess of 11 cases 

f myocarditis/10 0,0 0 0 patients infected with SARS CoV-2 [15] . 

In one study of adolescents and young adults, the presentation 

nd clinical course of myocarditis associated with vaccine included 

resentation with chest pain and elevated troponin levels shortly 

fter vaccination (median of 2 days) [16] . Most patients had an ab- 

ormal ECG, including dysrhythmias. No patient died and all pa- 

ients with follow-up had normalized cardiac function [16] . Vac- 

ine associated myopericarditis has been reported after other vac- 

ines with an incidence of 0.1% of the reports received by the Vac- 

ine Adverse Event Reporting System between 1990 and 2018 [17] . 

herefore, although there is an association between COVID-19 vac- 

ines and myocarditis, the available data demonstrate that the inci- 

ence of myocarditis is significantly greater when associated with 

n actual COVID-19 infection rather than the vaccine. 

OVID-19 and acute myocardial infarction (AMI) 

There have been several reports of AMI-associated with COVID- 

9. Cytokine storm activates the coagulation cascade, which pro- 

otes platelet activation by IL-6 and TNF, and consequent for- 

ation of microthrombi [13] . An autopsy study of the hearts of 

0 patients with COVID-19 [18] showed that 35% had evidence 

f cardiac injury, identified by the presence of myocyte necro- 

is, with 64.3% caused by microthrombi. In addition, COVID-19 

ay unmask pre-existing CAD among some patients. AMI occur- 

ing during the convalescent phase of COVID-19 has been described 

n case reports [18–20] . This highlights the importance of adept 

urveillance to prevent further cardiac complications from the 

nfection. 

ardiac manifestations of COVID-19 during the early 

onvalescent phase 

The identification of cardiac injury or myocarditis in asymp- 

omatic or minimally symptomatic patients during the early phase 

ollowing COVID-19 infection can be challenging. CMR criteria were 
466 
eveloped for acute evaluation of symptomatic patients [21] . More- 

ver, CMR findings consistent with athlete’s heart may be a con- 

ounding factor in young athletic individuals in whom it is impor- 

ant to properly identify myocarditis. Among middle aged or older 

dults, co-morbidities such as hypertension, diabetes, or coronary 

rtery disease can affect CMR findings. Lingering cardiac injury or 

yocarditis in the convalescent phase could have long-term impli- 

ations, depending on the patterns of healing. 

The extent and type of surveillance testing influences the di- 

gnostic yield of cardiac injury or myocarditis in the early con- 

alescent phase. Even timing of the evaluation may be important. 

n a group of 26 athletes evaluated with cardiac magnetic reso- 

ance (CMR) [22] , 4 were found to have evidence of myocarditis. 

f 3 athletes evaluated < 15 days from initial COVID-19 diagnosis, 

 (67%) were diagnosed with myocarditis. Of 23 athletes evaluated 

15 days following initial diagnosis, 2 (9%) were diagnosed with 

yocarditis ( p < 0.05). This supports the concept that CMR find- 

ngs may be more likely to show inflammation during the acute 

hase compared with the convalescent phase. 

arly detection of myocardial injury in COVID-19 patients 

Early detection of cardiac involvement in post-acute COVID-19 

atients may identify patients at risk for cardiomyopathies or ar- 

hythmias. CMR has been proposed as a screening tool for diagnos- 

ng myocarditis or subtle myocardial changes [23] . The Lake Louise 

riteria (LLC) were developed for diagnosis of acute myocarditis, 

pecifically assessing abnormalities in T1, T2, and late gadolinium 

nhancement (LGE), with diagnostic accuracy up to 90% [21] . Lake 

ouise Criteria have moderate positive predictive value with poor 

iagnostic accuracy in detecting myocarditis during the convales- 

ent phase [24] . Nevertheless, a normal T1 value provides a very 

igh negative predictive value. Elevated T1 relaxation time indi- 

ates diseased myocardium (with ≥5 SD higher than normal range 

or acute and ≥2 SD for residual changes) which helps distinguish 

etween acute and chronic processes, along with detecting subclin- 

cally diseased myocardium [25] . In a study from Italy published 

n 2019, the utility of repeat CMR after acute myocarditis was as- 

essed. The presence of persistent LGE (particularly in the mid-wall 

eptum) at 6 months was the strongest independent predictor of 

ong-term adverse cardiac events at follow-up [26] . 

esults of studies in COVID-19 among athletes 

The natural history of cardiac involvement in the convales- 

ent phase of COVID-19 in patients not requiring hospitalization 

as been best elucidated in athletes who have been routinely 

creened for COVID-19 infection, and then subjected to mandatory 

ost-infection cardiac testing prior to being allowed to return to 

lay. Based on multiple studies and screening protocols, data have 

merged showing that SARS-CoV2 results in a low incidence of po- 

ential cardiac injury/myocarditis among college and professional 

thletes ( Table 1 ). To the extent that there might be myocarditis 

r other cardiac injury, the risk of adverse cardiac events would be 

eightened in athletes due to training and competition [27] . There- 

ore, the data on athletes are relevant to the general population. 

Initial recommendations to screen athletes in the post COVID- 

9 recovery period included obtaining 12 lead ECGs, hs-troponin 

evels, and transthoracic echocardiograms, prior to clearance to 

eturn-to-play [ 28 , 29 ]. CMR would be reserved for those with ab- 

ormal findings. Some groups have used CMR for evaluation in all 

thletes [22] . 

One confounding factor is the distinction between physiologic 

hanges associated with athlete’s hearts versus pathologic changes 

elated to COVID-19 cardiac injury. Exercise-induced cardiac re- 

odeling occurs as a result of the athletes’ age, gender, type of 
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Table 1 

Current studies of SARS-CoV-2 positive athletes who underwent CMR evaluation for return-to-play. 

STUDIES Cohort/Characteristics 

Days to 

CMR 

Abnormal 

CMR ↑ T1 ↑ T2 LGE LV Function 

RV 

Function 

Pericardial 

Effusion 

Diagnosis 

of 

Myocarditis 

Resolution of 

Myocarditis 

Brito(33) 54 college athletes 

46 (85.2%) men 

37 (70%) symptomatic 

48 underwent CMR 

27 27 

(56.3%) 

9 

(18.75%) 

0 1 (2%) 59.91% 53.58% 28 (58.3%) Not 

Reported 

Not 

Studied 

Clark(31) 59 college athletes 

37 (63%) women 

46 (78%) symptomatic 

59 underwent CMR 

21.5 Not 

Reported 

Not 

Reported 

Not 

Reported 

27 

(16%) 

60% 53% 1 (2%) 2 (3%) Not 

Studied 

Daniels(34) 2461 college athletes 

1879 (66.9%) men 

Symptoms not 

reported 

1597 underwent CMR 

22 Not 

Reported 

5 (0.3%) 31 (1.9%) 37 

(2.3%) 

Not 

Reported 

Not 

Reported 

Not 

Reported 

37 (2.3%) 100% T2 resolved 

43% residual LGE 

40.7% resolved LGE 

27% pending 

imaging 

Martinez(35) 789 professional 

athletes 

777 (98.5%) men 

460 (58.3%) 

symptomatic 

27 underwent CMR 

17 Not 

Reported 

Not 

Reported 

Not 

Reported 

3 (11%) Not 

Reported 

Not 

Reported 

Not 

Reported 

5 (0.6%) Not Studied 

Moulson(36) 3018 college athletes 

965 (32%) women 

2022 (67%) 

symptomatic 

317 underwent CMR 

33 Not 

Reported 

7 (2%) 7 (2%) 12 (4%) Not 

Reported 

Not 

Reported 

13 (4%) 15 (0.7%) Not Studied 

Rajpal(22) 26 college athletes 

15 (57.7%) men 

12 (26.9%) 

symptomatic 

26 underwent CMR 

11-53 46% 9 (45%) 13 (50%) 12 

(46%) 

58% 57% 2 (8%) 4 (15%) Not Studied 

Mitrani(37) 174 professional 

athletes 

122 (70%) men 

148 (85.1%) 

symptomatic 

28 underwent CMR 

21 5 2 1 3 56.8% 43% (3/5 

reported) 

3 (2) 1.1% 100% 

CMR, cardiovascular magnetic resonance; LGE, late gadolinium enhancement; LV, left ventricle; RV, right ventricle; LVEDV, left ventricular end-diastolic volume 

4
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xercise (resistance versus aerobic) and intensity of training. Biven- 

ricular volumes are elevated. On CMR, delayed enhancement seen 

n the right ventricular insertion points is another common finding 

30] . 

The initial small single center case series among student and 

rofessional athletes identified a wide range of abnormal CMR 

ndings, observed among 3–46% of the athletes [ 22 , 31–33 ]. The 

ncidence of elevated T2, a marker for myocardial inflammation 

nd myocarditis was identified among 2–50% of athletes. More- 

ver, these authors identified a predilection for pericardial effusion 

nd/or delayed enhancement. The wide range in reported patterns 

as likely due to differences in standards among centers for ab- 

ormal T1 and T2 mapping, scanning protocols, and timing of the 

MR relative to the COVID-19 infection. 

Subsequent large multicenter and single center studies and reg- 

stries demonstrated a low incidence of myocarditis among athletes 

ecovered from COVID-19 [ 31 , 33 , 34 ] ( Table 1 ). In a report of 789

rofessional athletes all of whom had undergone troponin testing, 

CGs and resting echocardiograms, a mean of 19 days following di- 

gnosis, there were 30 (3.8%) athletes with abnormal findings [35] . 

ive (0.6%) athletes underwent CMR and were diagnosed with my- 

carditis or pericarditis and were restricted from play. In a report 

f 1,597 athletes from 13 universities in the ‘Big Ten’, who un- 

erwent CMR (864 athletes who did not undergo CMR were ex- 

luded), 37 (2.3%) were diagnosed with myocarditis, including 28 

ith subclinical myocarditis and 9 with symptomatic myocarditis 

34] . Follow-up CMR scans revealed resolution of T2 abnormalities 

n 100% and resolution of delayed enhancement in 40.7%. 

In a multicenter study by Moulson and colleagues, 2820 ath- 

etes who underwent testing with ECGs, troponin measurements 

nd/or TTEs, a diagnosis of at least possible cardiac involvement 

as made in 0.7% [36] . Among the 198 and 119 athletes under- 

oing primary CMR (for routine screening) and clinically indicated 

MR (based on prior abnormal results), the incidences of cardiac 

nvolvement were 3.0%, and 12.6%, respectively. These data support 

he notion that performing preliminary testing first does stratify 

isk for abnormal CMR. Performing primary CMR may identify ad- 

itional athletes with potential or actual COVID-19 related cardiac 

njury. These data suggest that the incidence of myocarditis or car- 

iac injury detected during the convalescent phase of COVID-19 is 

n part related to the intensity of the screening protocols. Given the 

xtremely low incidence of fatal ventricular arrhythmias reported 

mong athletes during the convalescent phase of COVID-19, it is 

nclear whether a strategy of primary CMR is too sensitive and 

ould identify and unnecessarily restrict too many athletes. 

We developed the MIAMI (Multidisciplinary Inquiry of Athletes 

n Miami In COVID-19 recovery) [37] protocol to include biomark- 

rs and functional testing with exercise echocardiographic stress 

esting performed at least 14 days post COVID-19 diagnosis. CMR 

as performed only for those with abnormalities on initial test- 

ng. An interdisciplinary panel reviewed each athletes’ results. All 

ubjects in our cohort had normal troponin and resting left ven- 

ricular (LV) function during baseline testing performed a median 

f 18.5 days after COVID-19 diagnosis . Twenty-eight of the 174 

16.1%) athletes underwent CMR based on initial screen, and 5 of 

74 (2.9%) athletes were confirmed by CMR with possible, proba- 

le or definite or myocarditis. Two (1.1%) of these 5 athletes had 

efinite myocarditis. In the MIAMI protocol, the 5 (2.9%) of 174 pa- 

ients with possible, probable or definite myocarditis had an ab- 

ormality in their EKG, echocardiogram and/or stress test which 

riggered the need for a CMR. Our data are in line with single 

enter and multicenter studies and suggest a potential protocol 

hat is sufficiently sensitive to identify potential COVID-19 associ- 

ted cardiac injury without having to pursue CMR imaging in all 

ubjects. 
468 
onvalescent phase cardiac manifestations 

Symptoms related to COVID-19 may extend into the convales- 

ent and chronic post-COVID-19 periods. Post-Acute COVID syn- 

rome, generally includes symptoms such as fatigue and shortness 

f breath beyond 3-4 weeks after acute infection [38] . The majority 

f patients do not have clinically detectable cardiac involvement. 

ome of the preliminary studies assessing persistence of cardiopul- 

onary symptoms are described in Table 2 [38–49] . These studies 

ad limited followup, ranging from a few weeks to several months. 

oreover, there was a preponderance of hospitalized patients in 

hese cohorts. It should be noted that cardiac testing was not rou- 

inely performed in many studies. 

Among the studies that examined cardiac manifestations during 

he convalescent phase of COVID-19, some suggested a high inci- 

ence of myocarditis or pericarditis during the convalescent phase 

f COVID-19 [ 39 , 50 ]. Eiros reported an incidence of myocarditis or 

ericarditis of up to 30.9% in healthcare workers (mean age 52 

ears) assessed by CMR 10 weeks post index infection [39] . The 

atients in this cohort were not hospitalized. The CMR criteria for 

yocarditis or pericarditis included T1 and/or T2 measurements. 

nother study by Puntmann et al. [50] also identified worrisome 

ndings in a cohort of adult patients recovered from COVID-19. 

MR was performed a mean of 71 days following COVID-19 diag- 

osis in 100 patients, 67% of whom were not hospitalized. CMR 

bnormalities were identified in 78% of patients. Abnormal T1 and 

2 were identified in 60% of patients. A minority of patients had 

re-existing cardiovascular disease and/or cardiac risk factors. Fi- 

ally, a small study from China examined 34 patients with CMR, 6 

onths after the patients were hospitalized due to COVID-19 [51] . 

mong patients with cardiac abnormalities during the acute phase, 

he 6 month follow-up CMR showed 70% of patients had persistent 

yocardial edema and 100% had CMR evidence for fibrosis. 

However, other studies have shown much lower incidence of 

yocarditis and its sequelae. In a case-control study, 74 health- 

are workers seropositive for SARS CoV2 with mild or asymp- 

omatic COVID-19 infection underwent CMR 6 months post in- 

ection. The control group included 75 age-, sex-, and ethnicity- 

atched seronegative healthcare workers. The prevalence of ab- 

ormalties on CMR or biomarkers was low and not significantly 

ifferent between groups [52] . The investigators assessed left ven- 

ricular ejection fraction, global longitudinal shortening, and CMR- 

easurements of T1 and T2. Interestingly, there were findings of 

elayed gadolinium enhancement in 9% of the entire cohort, with 

o difference between controls and those who had COVID-19. The 

uthors concluded that in patients with asymptomatic or mild in- 

ection with COVID-19, there was no measurable impact on left 

entricular function, structure or fibrosis. 

Analysis of the English National Immunization database was 

one in order to determine excess frequency of vaccine-associated 

yocarditis or pericarditis [14] They also studied the frequency of 

xcess myocarditis or pericarditis following infection with COVID- 

9. In this analysis, the authors identified only an extra 40 cases of 

yocarditis per 1 million patients in the 28 days following index 

nfection [14] . 

In a prospective, multicenter observational study from Austria, 

45 patients, mean age 57 years had structured follow-up visits 

t 60 and 100 days post-COVID-19 infection. The visits included 

istory and physical exam, lung function testing, echocardiography 

nd thoracic low-dose CT scan. In this cohort, 75% of patients had 

een hospitalized and 40% of patients had pre-existing cardiovas- 

ular disease. During follow-up, 36% of patients still complained 

f persistent dyspnea, including 4% with severe dyspnea [53] . The 

ain findings of this study were the demonstration of persistent 

T scan abnormalities, as well as impaired lung function testing, 

n up to 42% of patients. Echocardiographic data at 60 and 100 
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Table 2 

Current studies describing symptom and disease manifestations in the post-COVID-19 period. 

STUDIES F/U F/U Time n CP ∗ Palpitations ∗ SOB ∗ Inc HR ∗ Arrhythmia ∗ Syncope ∗ HTN 

∗ CM 

∗ Pericarditis ∗ Myopericarditis ∗ Myocarditis ∗ DD ∗ PulmHTN 

∗

Carfi (42) F2F 60d 143 21.7 - 43.4 - - - - - - - - - - 

Carvahlo (43) Tele 30d; 

60d 

150 18.0 13.1 6.5; 

10.9 

10.7; 

7.7 

- - - - - - - - - - 

Garrigues (44) Tele 3-4m 120 10.8 - 41.7 - - - - - - - - - - 

Halpin (45) Tele 4-8w 68h 

32I 

- - 42.6 

65.6 

- - - - - - - - - - 

Chopra(46) Tele 60d 488 - - 16.5 - - - - - - - - - - 

Fayol(41) F2F 6m 48 6 - 56 - - - - - - - - 8 6.8 

Davis (38) Survey 1-6m 3762 54.7 68.8 77.4 - 62.9 12.9 - - - - - - - 

Huang (40) F2F 6m 1733 5 9 23 - - - - - - - - - - 

Dennis(47) Survey 4w 201 76 - 88 - - - - 9 - - 19.4 ∗∗ - - 

Xiong(48) Tele 3m 538 12.3 4.8 26.1 11.2 - - - - - - - - - 

Eiros(39) F2F 4.4-10.4w 139 19 14 26 - 26 - - 5 3 11 26 - - 

Finn(49) F2F 1-11m 13 - - - - - - - 38.4 - - - - - 

F2F- face to face; h-hospitalized but not in ICU; I-ICU admission; Tele- telephone survey; w- weeks; d- days; m-months; ∗All findings are reported as percentages; ∗∗ This may be falsely elevated as the study used abnormal 

T1 on CMR as the sole criteria to diagnose myocarditis. 
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ays showed a high prevalence of diastolic dysfunction (60% and 

5%, respectively). There was systolic dysfunction in only 3% at 60 

nd 100 days, and pericardial effusion in 6% at 60 days which de- 

reased to 1% at 100 days. These findings suggest that the post 

OVID-19 pulmonary function test abnormalities likely accounted 

or persisting symptoms of dyspnea in a cohort of patients that had 

een hospitalized. The extent to which the patients’ abnormal car- 

iac findings were new or exacerbated by COVID-19, and to what 

xtent they caused symptoms, is unclear. 

The clinical relevance of the diagnostic studies showing evi- 

ence of cardiac injury or myocarditis in the convalescent phase 

f COVID-19 in some patients is demonstrated by the prognos- 

ic impact in a recent study from the Veterans Affairs database 

hich showed an increased incidence of cardiovascular disease 

mong veterans with COVID-19 [54] ( Fig. 1 ). This large data set 

ompared 153,760 veterans with COVID-19 to 2 sets of controls 

contemporary and historical), each consisting of over 5 million 

eterans. Outcomes were assessed after 30 days post-infection 

o one year follow-up. The groups were matched. The outcomes 

howed increases in several cardiovascular endpoints, including 

troke (HR 1.5), heart failure (HR1.7), cardiomyopathy (HR 1.6), my- 

carditis (HR 5.38) and pericarditis (HR 1.85). An analysis of ma- 

or adverse cardiovascular events (myocardial infaction, stroke all- 

ause mortality) identified an excess burden of 23.5 /10 0 0 patients 

ith COVID-19 infection. The 12 month burden of cardiovascular 

isease, inflammatory heart disease, and ischemic heart disease 

howed that the hazard ratio and excess disease burden were re- 

ated to the acuity of the initial infection ( Fig. 1 ). Whereas patients

ith COVID-19 who were not hospitalized had excess cardiovascu- 

ar disease burden, those who were hospitalized had substantially 

ore disease burden and those who required intensive care subse- 

uently had the highest hazard ratio and excess disease burden. 

In summary, data are now emerging on new or worsening 

ardiovascular abnormalities following COVID-19. Among patients 

ith mild courses of COVID-19 infection, there appears to be a 

ow incidence of new significant cardiac disease, while patients 

ho had acute cardiac manifestations may have detectable cardiac 

bnormalites during long-term followup. In addition, there is po- 

ential for COVID-19 to accelerate or aggravate pre-existing cardiac 

isease. Given the enormous population burden of COVID-19 infec- 

ion, even a low incidence of cardiac issues may represent a large 

umber of patients. The presence of pre-existing disease (hyper- 

ension, subclinical CAD), the co-existance of persistent pulmonary 

isease related to COVID-19 and possibly the persistence of an en- 

anced inflammatory state needs to considered when following 

nd managing these patients. 

OVID-19 and arrhythmias 

Cardiac arrhythmias are commonly present with COVID-19 

55] often manifested clinically by palpitations. Numerous stud- 

es have reported atrial arrhythmias, including atrial fibrillation 

AF)/flutter and supraventricular tachycardias (SVT), bradyarrhyth- 

ias, including sinus bradycardia and atrioventricular blocks (AVB), 

entricular arrhythmias (VA), and sudden cardiac death (SCD) as- 

ociated with COVID-19 infection [55–60] . In one study of 270 pa- 

ients with COVID-19 and arrhythmia, AF or flutter was noted in 

66 patients, including 101 patients with newly diagnosed atrial 

rrhythmia [56] . This same study reported that patients with ar- 

hythmias had significantly more in-hospital complications, and 

hat any arrhythmia was independently associated with 30-day 

ortality. 

Over the course of the pandemic, atrial arrhythmias have been 

he most prevalent arrhythmia noted in patients with COVID-19. 

n an analysis of 4526 patients hospitalized with COVID-19 early 

n the pandemic in 2020, 827 (18.3%) patients developed arrhyth- 
470 
ias, predominantly atrial arrhythmias [55] . This is consistent with 

ndings from an earlier Heart Rhythm Society survey sent to elec- 

rophysiologists worldwide, reporting atrial fibrillation as the most 

ommonly seen tachyarrhythmia [57] . 

The incidence of bradyarrhythmias varies across studies, but in 

ne study of hospitalized patients early in the pandemic, brad- 

arrhythmias were noted in 22.6% of COVID-19 patients [55] . Pub- 

ished case reports describe both transient and persistent sinus 

ode dysfunction, as well as AV block. Five (71%) of 7 patients 

resenting with bradyarrhythmias during COVID-19 infection died 

uring or within 3 months of admission [58] . While bradyarrhyth- 

ias may be transient in some, other patients have required im- 

lantation of a cardiac implantable electrical device (CIED). Among 

atients hospitalized with COVID-19, one study, utilizing surveys, 

dentified a crude rate of CIED implant of 1.16 per 10 0,0 0 0 hos-

italized patients [61] . The predominant indications for CIED were 

igh degree AV block (65%), sick sinus syndrome (21%), device gen- 

rator change (4.2%), and secondary prevention for sudden death 

4.8%). The 30 day complication rate was substantial at 13.9% and 

ith a mortality rate of 9.6% among the 166 CIED procedures in 

his report. Patients with new CIED during their acute illness need 

o be followed to determine whether they develop new cardiomy- 

pathies related to the COVID-19, or right ventricular pacing, and 

lso to determine whether they improve such that they no longer 

ave the indication that promped the CIED during their hospital- 

zation. 

There has been a low incidence of life-threatening arrhythmias 

ssociated with acute COVID-19. However, among those patients 

ospitalized with COVID-19 with concomitant diagnosis of VT, the 

ortality rate has been substantially higher [59] . In a study by 

usso et al. [59] , among 414 patients hospitalized with COVID-19, 

entricular tachycardia (VT) occurred in 3.4%, and of the patients 

ho did not survive, the incidence of VT was 8.4%. 

During the pandemic, sudden cardiac death (SCD) and, specifi- 

ally, out-of-hospital cardiac arrest has significantly increased [60] . 

ne study demonstrated a threefold increase in cardiac arrest in 

ew York City [60] . The SARS CoV-2 virus can directly affect the 

nflammatory and coagulation pathways eliciting endothelial dam- 

ge, plaque destabilization, and ultimately SCD and out-of-hospital 

ardiac arrest (OHCA) [62] . These factors along with the soci- 

tal impact of the pandemic, including, but not limited to, stay- 

t-home orders, overburdening of the EMS system and increased 

mergency response time, decrease in bystander CPR, time at- 

empted to achieve ROSC and an overwhelming fear of seeking 

edical care, have all contributed to the increases seen in OHCA 

63] . 

otential arrhythmic sequelae during the convalescent phase 

The long-term cardiac arrhythmic sequelae of COVID-19 are cur- 

ently unknown, but may be anticipated to depend on the extent 

f acute cardiac injury and the host response/recovery to the acute 

nfection. Patients who have clinically manifest cardiac involve- 

ent can be evaluated and treated as any patient with structural 

eart disease. The challenging scenario is the patient with subclin- 

cal disease. Myocarditis may have a heterogeneous clinical presen- 

ation with a heterogeneous pattern of recovery ( Fig. 2 ). Moreover, 

he direct and indirect effects of COVID-19 on progression of pre- 

xisting cardiovascular disease needs to be considered. 

There are limited studies on arrhythmias during the conva- 

escent phase of COVID-19. One review from the VA health sys- 

em showed a higher arrhythmia burden among veterans who had 

OVID-19 (RR 1.7) [64] . In another study from the VA database 

54] , there was a significant increase in dysrhythmias and car- 

iac arrest between 30 days and 12 months following infection 

 Fig. 1 ) [54] . The risk was proportional to severity of illness strat-
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Fig. 1. Observational data from VA database showed increase in cardiovascular, and dysrhythmic disorders in veterans with COVID-19 compared with matched Veterans 

without COVID-19. Risks and excess burdens were assessed at 12 months stratified by acuity of initial COVID-19 infection: non-hospitalized (green), hospitalized but not in 

intensive care for COVID-19 (orange) and admitted to intensive care (blue). Within the COVID-19 cohort, non-hospitalized ( n = 131,612), hospitalized ( n = 16,760), admitted 

to intensive care ( n = 5388) were compared with contemporary control cohort ( n = 5,637,647). Adjusted HRs and 95% CIs are presented. The length of the bar represents the 

excess burden per 10 0 0 persons at 12 months. 
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fied by non-hospitalized, hospitalized and ICU status ( Fig. 1 ) [54] . 

ardiac arrest was not increased for patients who were not hos- 

italized, but there was an increased hazard ratio and excess 

urden among those hospitalized, particularly those patients re- 

uiring critical care. Atrial fibrillation, atrial flutter and undefined 

entricular arrhythmias were increased among all patients post 

OVID -19, with excess burden proportional to the severity of the 

isease. 

Studies in patients with myocarditis not related to COVID-19 

ay provide clues as to potential sequelae from SARS-CoV-2 in- 

ection. Multiple series of patients with myocarditis show dimin- 
471 
shed survival and sudden cardiac death [ 65 , 66 ]. A case report de-

cribes a patient recovered from myocarditis who had a monitored 

entricular fibrillation event two months later when left ventricu- 

ar function was normal [67] . Peretto et al. [68] recently reported 

n ventricular arrhythmias in 185 patients with active ( n = 123) 

ersus previous ( n = 62) myocarditis and ventricular arrhythmia; 

ean ejection fraction was 47–50%. From a different perspective, 

utopsy series [68–70] of patients with sudden cardiac death have 

ound myocarditis as a potential explanation in a significant num- 

er of cases, even in the setting of a grossly normal appearing 

eart. The finding of myocarditis as a significant cause of sudden 
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Fig 2. This ECG is from a 35 year old woman who had a mild course of COVID 19 six weeks prior to presentation with syncope and incessant ventricular tachycardia. 

Subsequent CMR evaluation showed elevation elevation in T1 and T2 with delayed enhancement in a nonischemic pattern consistent with myocarditis. The patient was 

treated with steroids, beta blockers and amiodarone. CMR-cardiac MRI 

Table 3 

Comparison of incident rate at 6 months in patients hospitalized with COVID-19 compared with patients hospitalized with seasonal influenza. 

Diagnosis P value 

Hazard ratio (95% 

Confidence interval) 

Incident rate per 10 0 0 at 

6-months in hospitalized 

COVID-19 (95% confidence 

interval) 

Incident rate per 10 0 0 at 

6-months in hospitalized 

seasonal influenza (95% 

confidence interval) 

Myocarditis and cardiomyopathy 0.002 0.75 (0.63, 0.90) 23.61 (19.77, 28.19) 31.30 (26.23, 37.34) 

Pericarditis/pericardial disease 0.20 1.27 (0.88, 1.85) 6.69 (4.62, 9.70) 5.27 (3.63, 7.64) 

Conduction disease 0.84 0.98 (0.82, 1.17) 27.15 (22.76, 32.37) 27.66 (23.19, 32.98) 

Cardiac dysrhythmias 0.089 1.10 (0.99, 1.23) 85.92 (77.31, 95.44) 78.40 (70.51, 87.13) 

Cardiac Arrest 0.020 1.58 (1.07, 2.32) 6.38 (4.35, 9.36) 4.05 (2.76, 5.94) 

Heart failure 0.20 0.93 (0.82, 1.04) 69.85 (62.39, 78.17) 75.24 (67.23, 84.17) 

Adapted from Xie Y, Xu E, Bowe B, Al-Aly Z. Long-term cardiovascular outcomes of COVID-19. Nat Med (2022). https://doi.org/10.1038/ 

s41591- 022- 01689- 3 . Permission granted by Creative Commons License: http://creativecommons.org/licenses/by/4.0/ . 
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eath in the young [70] is notable and relevant to survivors of 

OVID-19. 

One study from the Veterans Administration database compared 

ardiovascular diagnoses among veterans hospitalized with COVID- 

9 to those hospitalized with seasonal influenza after six months 

 Table 3 ). Interestingly, there was a higher incidence of myocardi- 

is among patients hospitalized with seasonal influenza compared 

ith patients hospitalized with COVID-19. However, there was a 

rend for more dysrhythmias and there was a higher incidence 

f cardiac arrest at 6 months among patients hospitalized with 

OVID-19 compared with seasonal influenza [54] . 

While myocarditis is typically considered for its manifestations 

n the ventricle, the atrium is also involved [71] . A Taiwanese 

tudy 72 ] found an adjusted odds ratio of 1.182 ( p = 0.03) for

eveloping atrial fibrillation in individuals who had had influenza 

ersus those who did not. This is consistent with the finding of in- 

reased atrial fibrillation among veterans with COVID-19 between 

0 days and 1 year post infection [54] ( Fig. 1 ). 

These findings support the notion that patients who have “re- 

overed” from myocarditis may still have sequelae that predispose 

o developing atrial fibrillation or lethal ventricular arrhythmias in 

ollow-up. While the excess incidence is likely very low, the high 

opulation burden of COVID-19 will translate to a substantial ex- 

ess prevalence. 
472 
reatment and follow-up of COVID-19 related myocarditis 

Treatment of COVID-19 related myocarditis is based on lim- 

ted clinical trials performed since the beginning of the pan- 

emic [73] . Patients with non-viral myocarditis may benefit from 

mmunosuppressive therapy [74] . On the other hand, viral my- 

carditis treatment depends on virus isolation at endomyocardial 

iopsy as some viruses have specific anti-viral therapies [ 8 , 75 ]. 

onsteroidal anti-inflammatory drugs may cause renal impairment, 

odium retention, and further aggravate acute ventricular dysfunc- 

ion in those with myocarditis and therefore are not generally rec- 

mmended [76] . In fulminant myocarditis, stabilizing the patient 

ith inotropes and/or vasopressors may be necessary at the be- 

inning of treatment [77] . For COVID-19 myocarditis, expert opin- 

on recommends high dose steroids and intravenous immunoglob- 

lins (IVIG) based on the idea that in late stages of COVID-19 there 

s a diffuse non-specific immune activation [ 4 , 73 ]. Different anti- 

iral agents were evaluated for hospitalized patients with COVID- 

9 such as remdesivir, hydroxychloroquine, lopinavir/ritonavir, and 

nterferon beta-1 α. These drugs had little effect on decreasing 

ortality and duration of hospital stay. The efficacy of anti-viral 

gents for COVID-19 myocarditis is still lacking [73] , and emerging 

otent antiviral drugs (e.g. molnupiravir and paxlovid) have not yet 

een specifically tested for the indication of acute COVID-19 my- 

carditis. 

https://doi.org/10.1038/s41591-022-01689-3
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Post COVID 19 Hospitalized. 
Recovered without symptoms 

Post COVID 19 Mild Course. 
  

Asymptoma�c or absence 
of cardiopulmonary 
symptoms  

No routine cardiac 
testing 

  

Convalescence until 
cardiopulmonary symptoms 
resolve 

Cardiac Testing: Clinical 
evaluation, ECG, ECHO, 

troponin, consider exercise 

treadmill test 

Persis�ng cardiopulmonary 
symptoms  

Consider Cardiac 
Tes�ng  

Return to Exercise and Sports 
Participation 

  

Normal 
findings 

Abnormal 
findings 

Cardiac MRI. Return to Full 
activity pending clinical 
evaluation 

Fig. 3. Most patients recovered from COVID 19 will be asymptomatic or will not have cardiopulmonary symptoms. For these athletes, clinical testing is not required. For 

athletes with persisting cardiopulmonary symptoms, we recommend clinical evaluation with triad of testing (biomarkers, ECG, and echocardiogram with consideration for 

exercise treadmill test). For athletes who were hospitalized with COVID-19, a period of convalescence followed by cardiac testing, depending on presence of cardiopulmonary 

symptoms may be required before allowing the patient to return to exercise and competition. 
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Treatment of convalescent heart failure remains directed by the 

urrent guidelines for heart failure patients. Low dose beta block- 

rs should be considered among all patients recovering from my- 

carditis [78] . Avoiding QT prolonging agents is recommended [79] . 

In terms of exercise restriction, it is recommended to ab- 

tain from exercise for a minimum of 3 months after a diagno- 

is of acute myocarditis, depending on recovery of the patient. 

ased upon the Eligibility and Disqualification Recommendations 

or Competitive Athletes with Cardiovascular Abnormalities Task 

orce 3, [80] before returning to sports, athletes diagnosed with 

yocarditis should undergo a resting echocardiogram, 24-h Holter 

onitoring, and an exercise 12-lead ECG within 3-6 months of di- 

gnosis. They are eligible to return to play if the left ventricular 

jection fraction and serum biomarkers have normalized, and if 

o clinically relevant arrhythmias are detected on Holter and ECG 

29] . If a CMR was used to make the initial diagnosis of myocardi- 

is, repeat CMR scanning may be reasonable to help guide clini- 

al decision making regarding athletes’ return to participation [81] . 

onsideration should be given to managing individuals who par- 

ake in moderate to high intensity exercise, but are not competitive 

thletes, in the same way. 

uture directions 

The optimal screening protocol for patients recovered from 

OVID-19 is dependent on severity of the illness associated with 

OVID-19, pre-existing cardiovascular disease or risk factors for 

ardiovascular disease, and presence of new or ongoing symtpoms 

fter recovery from the acute illness. The virulence of prevailing 

iral strains may also impact guidelines and recommendations. 

Data from competitive professional or collegiate athletes 

emonstrated a very low incidence of COVID-19 related cardiac in- 

ury. This suggests that among young healthy adults with COVID-19 

ot requiring hospitalization, the risk for convalescent phase car- 

iac injury is low. Per the most recent recommendations by the 

CC Sports and Exercise section on January 24, 2022, and based on 

ecent Expert Consensus Decision Pathway [82] , an individualized 

creening approach is recommended based on presence of persist- 

ng cardiopulmonary symptoms. Our recommendations are similar 

o the ACC recommendations although we include an option for 
473 
xercise testing in select patients ( Fig. 3 ). For most athletes, with 

ild or asymptomatic course of COVID-19 who recover, they may 

eturn to play without further cardiac testing after a brief period of 

onvalescence (currently 5 days). For those with moderate or se- 

ere illness or those with persisting cardiopulmonary symptoms, a 

onger duration of exercise restriction is recommended and cardiac 

esting could be considered. For nonathletes, it would be prudent 

o consider pre-existing disease (hypertension, diabetes, etc), func- 

ional status, and persistence of symptoms to help guide cardiac 

esting. For patients with arrhythmic symptoms, cardiac monitor- 

ng can be performed. Given the overlap of autonomic disorders 

ith cardiac symptoms, a baseline assessment of orthostatic blood 

ressure and heart rate may be helpful [82] . Formal head-up tilt 

esting can also be considered. 

While cardiac MRI scans can detect subclinical myocarditis or 

ther cardiac injury, it would be impractical to perform CMRs in a 

arge population of COVID-19 survivors. Nevertheless, given over 84 

illion documented cases of COVID infections in the United States 

as of May 17, 2022), there should be a low threshold to proceed 

ith CMR when clinical data suggest cardiac abnormalities. Diag- 

osis of myocarditis and/or cardiac injury may guide recommenda- 

ions on resumption of exercise and may also guide potential phar- 

acologic therapy (beta blockers and RAAS inhibitors) and need 

or long-term follow-up and evaluation. 
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