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BACKGROUND: Acute myocarditis (AM) is thought to be a rare cardiovascular complication of COVID-19, although minimal 
data are available beyond case reports. We aim to report the prevalence, baseline characteristics, in-hospital management, 
and outcomes for patients with COVID-19–associated AM on the basis of a retrospective cohort from 23 hospitals in the 
United States and Europe.

METHODS: A total of 112 patients with suspected AM from 56 963 hospitalized patients with COVID-19 were evaluated 
between February 1, 2020, and April 30, 2021. Inclusion criteria were hospitalization for COVID-19 and a diagnosis of AM 
on the basis of endomyocardial biopsy or increased troponin level plus typical signs of AM on cardiac magnetic resonance 
imaging. We identified 97 patients with possible AM, and among them, 54 patients with definite/probable AM supported 
by endomyocardial biopsy in 17 (31.5%) patients or magnetic resonance imaging in 50 (92.6%). We analyzed patient 
characteristics, treatments, and outcomes among all COVID-19–associated AM.

RESULTS: AM prevalence among hospitalized patients with COVID-19 was 2.4 per 1000 hospitalizations considering 
definite/probable and 4.1 per 1000 considering also possible AM. The median age of definite/probable cases was 38 
years, and 38.9% were female. On admission, chest pain and dyspnea were the most frequent symptoms (55.5% and 
53.7%, respectively). Thirty-one cases (57.4%) occurred in the absence of COVID-19–associated pneumonia. Twenty-
one (38.9%) had a fulminant presentation requiring inotropic support or temporary mechanical circulatory support. The 
composite of in-hospital mortality or temporary mechanical circulatory support occurred in 20.4%. At 120 days, estimated 
mortality was 6.6%, 15.1% in patients with associated pneumonia versus 0% in patients without pneumonia (P=0.044). 
During hospitalization, left ventricular ejection fraction, assessed by echocardiography, improved from a median of 40% on 
admission to 55% at discharge (n=47; P<0.0001) similarly in patients with or without pneumonia. Corticosteroids were 
frequently administered (55.5%).
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CONCLUSIONS: AM occurrence is estimated between 2.4 and 4.1 out of 1000 patients hospitalized for COVID-19. The majority 
of AM occurs in the absence of pneumonia and is often complicated by hemodynamic instability. AM is a rare complication 
in patients hospitalized for COVID-19, with an outcome that differs on the basis of the presence of concomitant pneumonia.

Key Words:  cardiac MRI ◼ COVID-2019 ◼ MRI ◼ myocarditis ◼ outcome ◼ SARS-CoV-2 

Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) infection or coronavirus disease 
2019 (COVID-19) is a multisystem disease that 

predominately results in an acute respiratory illness 
and, accordingly, the majority of deaths are second-
ary to respiratory failure.1 However, a sizeable minor-
ity of patients with COVID-19 develop cardiovascular 
complications as evidenced by an acute cardiac injury 
with elevated troponin,2–4 de novo systolic heart fail-
ure (HF),5 pericardial effusion, and rarely, acute myo-
carditis (AM).6–8 It was initially speculated that cardiac 
injury may be mediated by direct cardiomyocyte infec-
tion with cardiomyocyte death,9,10 but this mechanism 
has not been consistently supported by subsequent 
data.11,12 Alternatively, cardiac injury might be medi-
ated by indirect mechanisms, such as ischemia, fever, 
adrenergic hyperactivity, or inflammation secondary 
to cytokine storm and COVID-19 hyperinflammatory 
reaction.10 A recent study in patients with COVID-19 
complicated by acute respiratory distress syndrome 
has demonstrated that, in many cases, cardiac injury 
is associated with baseline comorbidities, and under-
lying multisystemic organ dysfunction during critical 
illness.13

Nevertheless, it has been recognized that AM can 
be a distinct manifestation associated with COVID-19 
or with SARS-CoV-2 exposure.6,14,15 Current literature 
suggests that AM associated with COVID-19 is rare. 
To date, the largest systematic review on published 
cases of suspected COVID-19 AM reported data for 
38 patients, and only 8 had available histology.8 Two 
small case series have reviewed adults with COVID-
19 multisystemic inflammatory syndrome (MIS) associ-
ated with AM (in 7 and 11 patients, respectively),16,17 or 
AM with delayed onset (9 patients).15 However, many 
of these patients had presumed myocarditis without 
meeting the contemporary diagnostic criteria for AM. 
Thus, the prevalence, characteristics, disease course, 
and outcomes of COVID-19–associated AM remain 
uncertain.

Therefore, we conducted an international retrospec-
tive study with the following aims: (1) estimate the preva-
lence of AM in patients hospitalized for COVID-19; (2) 
describe the clinical presentation and hospital course 
including treatments and outcomes; and (3) compare the 
outcome in patients presenting with AM and COVID-19 
pneumonia with those without pneumonia.

Clinical Perspective

What Is New?
•	 Estimation of definite/probable acute myocarditis 

prevalence among patients with COVID-19 is 2.4 
per 1000 hospitalizations.

•	 Thirty-nine percent of  patients with COVID-19 
acute myocarditis had a fulminant presentation 
requiring inotropic support or temporary mechani-
cal circulatory support, and 70.4% were admitted 
to the intensive care unit.

•	 Mortality or temporary mechanical circulatory sup-
port during the hospitalization was 20.4%. At 120 
days, among patients with COVID-19 acute myo-
carditis, estimated mortality was 6.6%.

•	 Among patients with COVID-19 acute myocarditis, 
those with concurrent pneumonia compared with 
those without pneumonia had a mortality of 15.1% 
versus 0% (P=0.044), respectively.

What Are the Clinical Implications?
•	 Hospitalized patients with acute myocarditis associ-

ated with COVID-19 have a need for intensive care 
unit admission in up to 70.4%, despite a median 
age of 38 years.

•	 Fifty-seven percent of patients with acute myocar-
ditis had no significant acute lung injury caused 
by COVID-19, but patients with concurrent pneu-
monia were more likely to develop hemodynamic 
instability, require temporary mechanical circula-
tory support, and die compared with those without 
pneumonia.

Nonstandard Abbreviations and Acronyms

AM	 acute myocarditis
EMB	 endomyocardial biopsy
HF	 heart failure
LGE	 late gadolinium enhancement
MIS	 multisystemic inflammatory syndrome
MRI	 magnetic resonance imaging
Q	 quartile
RT-PCR	 real-time polymerase chain reaction
t-MCS	� temporary mechanical circulatory 

support
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METHODS
The data, analytical methods, and study materials will not be 
made available to other researchers for purposes of reproduc-
ing the results or replicating the procedure because the cur-
rent ethics approval does not allow us to share sensitive patient 
data with other researchers without local Institutional Review 
Board approval.

Study Population
This is a multicenter, multinational, retrospective, observational 
study involving 23 cardiology centers from Italy (n=10), France 
(n=4), Spain (n=3), Belgium (n=1), the United Kingdom (n=1), 
Finland (n=1) and the United States (n=3). To be included in 
our study, the center must have admitted patients with COVID-
19 from February 1, 2020, to April 30, 2021, and have cardiac 
catheterization and cardiac magnetic resonance imaging (MRI) 
facilities (Supplemental Methods). A complete list of centers 
and recruited patients is provided in Table S1 (Supplemental 
Methods). This study complied with the Declaration of Helsinki 
and was approved by the investigational review board of 
Spedali Civili di Brescia, Brescia, Italy, and by other local inves-
tigational review boards. As a retrospective observational study 
of deidentified data, local ethics committees granted waivers 
for consent.

To be included into our study, patients had to fulfill the fol-
lowing criteria:

1.	Definite myocarditis defined by the following criteria: (1) 
presence of symptoms consistent with AM (chest pain, 
dyspnea, palpitation, syncope, fatigue, or abdominal 
symptoms); (2) evidence of COVID-19 shown by posi-
tive results of nasopharyngeal swabs or elevated specific 
antibodies associated with recent symptoms consistent 
with COVID-19 infection; (3) diagnosis confirmation by 
European Society of Cardiology criteria on an endomyo-
cardial biopsy (EMB) or autopsy (presence of inflamma-
tory cells ≥14 cells/mm2 of which CD3+T-lymphocytes ≥7 
cells/mm2),18 or by the coexistence of positive biomarkers 
(troponin >99th upper reference limit or elevated creatine 
kinase myocardial band) and cardiac MRI findings consis-
tent with AM according to the 2018 updated Lake Louise 
Criteria (these criteria include at least 1 T2-based crite-
rion [global or regional increase of myocardial T2 relax-
ation time or an increased signal intensity in T2-weighted 
images], and at least 1 T1-based criterion [increased 
myocardial T1, extracellular volume, or late gadolinium 
enhancement {LGE}]),19 or the combination of increased 
myocardial T1 and LGE.20

2.	Probable myocarditis: patients in whom cardiac MRI was 
not performed in the acute phase of COVID-19 because 
of critical clinical conditions or hospital policy, but who had 
cardiovascular symptoms, positive biomarkers, and elec-
trocardiographic or echocardiographic changes consistent 
with AM during hospitalization and follow-up cardiac MRI 
performed within 9 months from the hospital admission 
because of COVID-19 consistent with active myocarditis 
or with nonischemic LGE consistent with previous AM.

Among suspected cases of AM, the following cases were 
excluded: (1) patients with a previous diagnosis of ischemic 
heart disease or cardiomyopathy without histological evidence 
of active myocarditis; (2) pediatric patients younger than 10 

years; (3) men older than 50 years and women older than 55 
years without a demonstration of the absence of obstructive 
coronary artery disease on the basis of coronary angiography, 
coronary computed tomography angiography, or myocardial 
perfusion imaging; and (4) patients older than 70 years without 
histological confirmation of AM, because potential confounders 
could not be completely ruled out at cardiac MRI (ie, Takotsubo 
cardiomyopathy or other conditions associated with the aging 
heart). The study cohort for this analysis was the definite/
probable AM group (n=54). Furthermore, the 54 patients with 
COVID-19–associated AM were divided into 2 groups on the 
basis of the presence of concurrent pneumonia (typical signs 
and symptoms with radiographic confirmation).

Each center provided the total number of patients with 
COVID-19 hospitalized during the period they screened for 
cases of COVID-19–associated AM. These data were used 
to estimate the proportion of AM cases compared with the 
total number of patients with COVID-19 who were admitted. 
We also identified possible cases (n=43) among the sus-
pected AM cases, where a final diagnosis of AM was not 
supported by histology or cardiac MRI (MRI not performed, 
or the MRI performed after discharge could not support the 
diagnosis of recent myocarditis), or there was no troponin 
elevation, or coronary artery disease was not excluded in 
men older than 50 years and women older than 55 years 
(Table S1, Supplemental Methods, and Figure 1).

We provided a comparator group of patients with AM from 
a previous large retrospective AM cohort (Lombardy registry), 
with inclusion criteria comparable with those used for COVID-
19–associated AM to assess differences between COVID-19 
and non–COVID-19 myocarditis (Supplemental Methods).

Data Collection and Definitions
Demographic, clinical, laboratory, instrumental, treatment, and 
outcome data were extracted from the in-hospital medical 
records (Supplemental Methods). Transthoracic echocardio-
grams were performed and analyzed according to the last rec-
ommendations from the American Society of Echocardiography 
and the European Association of Cardiovascular Imaging.21 
Cardiac MRI evaluation was considered acceptable if performed 
in the acute phase or within 6 months from hospitalizations and 
included conventional techniques of cine, LGE imaging, and 
T2-weighted short-tau inversion recovery imaging, as well as 
parametric mapping of myocardial T1 and T2.22 Information 
about EMB or autopsy results was collected when available.

Last, hospitalization length of stay, intensive care unit admis-
sion, complications (HF, cardiogenic shock, arrhythmias, venous 
or arterial thromboembolism, sepsis, acute respiratory distress 
syndrome), and death events were collected. The term fulminant 
myocarditis was used to describe severe forms of AM, with fast 
evolution and hemodynamic compromise requiring inotropes 
or temporary mechanical circulatory support (t-MCS).23–25 The 
definition of shock was generally based on the requirement of 
vasopressor, inotropic, or mechanical support, but was not stan-
dardized and relied on site-level characterization. Furthermore, 
the type of shock (cardiogenic, distributive/septic, or mixed) 
was defined clinically by each center’s physicians. The sever-
ity of shock in these patients was classified according to the 
Society for Cardiovascular Angiography and Interventions  
classification.26
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Statistical Analysis
Continuous variables were reported as median and quartile (Q) 
1 through Q3. The Mann-Whitney U test was used to compare 
continuous variables. The Wilcoxon matched-paired signed-rank 
test was used to analyze paired data at different time points. 
Categorical variables were compared with the Fisher exact test, 
and the relative risk was calculated. The 95% CI was calculated 
with the method of Katz et al.27 Kaplan-Meier curves were com-
pared with the use of the log-rank statistic. We assessed the 
association between patient outcome (death or need for t-MCS) 
and AM with or without concurrent pneumonia using univariate 
Cox regression analysis. All analyses were 2-tailed. Differences 
with values of P<0.05 were considered statistically significant. 
Software packages used were IBM SPSS Statistics (version 
20) and GraphPad Prism (version 6). Table S1 (Supplemental 
Methods) reports the origin and the figures of included cases 
(definite/probable) and suspected cases, which included a sub-
cohort of possible cases. Hence, the possible cases (n=43) 
represented a subcohort of suspected cases of COVID-19–
associated AM that were excluded from the definite/probable 
cohort because the diagnosis was supported by neither his-
tology nor cardiac MRI or there was no troponin elevation, or 
coronary artery disease was not excluded in men older than 50 
years and women older than 55 years. Merely suspected cases 
(n=15) included both patients that had a previous ischemic 
heart disease or cardiomyopathy diagnosis without histologi-
cal evidence of active myocarditis, or with a final diagnosis of 
Takotsubo cardiomyopathy or pericarditis on cardiac MRI.

We used different approaches to estimate the prevalence of 
COVID-19 AM in the attempt to mitigate the uncertainty caused 
by misdiagnosis/underreporting of AM and the uncertainty 

associated with the recruitment or exclusion of different medi-
cal centers in the study. For the appraisal of COVID-19 AM 
prevalence (defined as COVID-19–associated AM divided by 
hospitalized COVID-19 cases in a center) among hospitalized 
patients with COVID-19, we consider 2 types of uncertainty, 
which are presented in the Supplemental Methods.

RESULTS
Estimation of Prevalence of COVID-19 AM
Including only definite/probable cases (lower prevalence 
estimate) among hospitalized patients, we found a mean 
prevalence of 0.0024 COVID-19 AM (2.4 cases among 
1000 hospitalized patients with COVID-19), and also in-
cluding possible cases (the most permissive prevalence, 
termed upper prevalence estimate), we found a mean prev-
alence of 0.0041 (4.1 cases among 1000 hospitalized pa-
tients with COVID-19 (Figure 2A). Then we used a second 
method to estimate prevalence, the leave-1-out procedure, 
and we found that the boundaries inside which the estima-
tion of the sample mean prevalence was expected to occur 
were between 0.0012 and 0.0057 (Figure 2B).

Clinical Presentation
Clinical characteristics of the 54 patients with definite/
probable COVID-19–associated AM are reported in Ta-
ble 1. Median age at presentation was 38 years (Q1–Q3: 
25–53), 38.9% of the patients were female, and 76.5% 

Figure 1. Flow diagram illustrating screening and inclusion criteria.
AM indicates acute myocarditis; CAD, coronary artery disease; CT, computed tomography; MRI, magnetic resonance imaging; and Rx‚ radiograph.
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were non-Hispanic White. Thirty-two cases (59.3%) oc-
curred between February 2020 and August 2020, and 
the remaining 22 cases (40.7%) occurred between Sep-
tember 2020 and April 2021. None received COVID-19 
vaccination before myocarditis onset. The exposure to 
SARS-CoV-2 was confirmed by positive real-time poly-
merase chain reaction (RT-PCR) either on nasopharyngeal 
swab (85.2%) or bronchoalveolar lavage (1.8%), or by the 
presence of SARS-CoV-2–specific antibodies (12.9%). 
Further details on laboratory and echocardiographic data 
are presented in the Supplemental Results. Twenty-one 
patients developed fulminant myocarditis; their character-
istics and clinical course are reported in Table S2 (Supple-
mental Results). In 49 out of 54 patients (90.7%), EMB or 
cardiac MRI was performed during the index hospitalization 
confirming the diagnosis of AM (definite AM), whereas in 5 
of 54 (9.3%) patients, the diagnosis was supported by the 
initial clinical presentation with increased troponin levels 
and findings on follow-up cardiac MRI consistent with re-
cent myocarditis (probable AM), performed at a median of 
47 days (Q1–Q3: 21–221) after hospital admission. EMB 
was performed in 17 patients (31.5%) with positive Euro-
pean Society of Cardiology criteria for myocarditis found in 
14 cases (82.3%). The 3 patients with nondiagnostic his-
tology had MRI findings consistent with AM. Detailed his-

tological findings are described in Table S3 (Supplemental 
Results) and Figure 3A and 3B. Viral RT-PCR performed 
on myocardial tissue found the SARS-CoV-2 genome in 4 
(26.7%) and parvovirus B19 in 5 (33.3%) out of 15 cases 
in which a viral search was performed, with low replicative 
status (<500 copies/µg of extracted DNA from the heart) 
in all available data (n=3). No patients showed microvas-
cular changes or microthrombi on histology. Overall, 50 
patients (92.5%) underwent cardiac MRI, and AM diagno-
sis according to 2018 updated Lake Louise Criteria19 was 
fulfilled in 45 cases (90.0%), 4 (8.0%) had a combination 
of increased myocardial T1 and nonischemic LGE, and a 
remaining case who underwent cardiac MRI only during 
follow-up had a nonischemic LGE pattern consistent with 
myocarditis (Table S4 and Figure 3B and 3C). Only 1 pa-
tient had a coexisting apical transmural left ventricular LGE 
consistent with ischemic lesion.

Twenty-three patients (42.6%) had AM with pneu-
monia, and the remaining 31 patients (57.4%) had AM 
without pneumonia (Figure  1). Patients with AM and 
pneumonia were significantly older compared with 
patients without pneumonia (median age 45 versus 30 
years, P=0.002); they more frequently reported cough 
(69.6% versus 29%, P=0.006) and dyspnea (78.3% ver-
sus 35.5%, P=0.002). Patients with COVID-19–associ-

Figure 2. Estimation of lower prevalence estimate (LPE) and upper prevalence estimate (UPE) of acute myocarditis among 
hospitalized patients with COVID-19.
A, Mean LPE and mean UPE computed with the respective CIs on the 23 centers. B, Mean LPE and mean UPE with the respective CIs iteratively 
computed on 22 centers (by means of leave-1-out procedure). The red dashed line at the top (which is the maximum level reached by the CIs) 
and the black dashed line at the bottom (which is the minimum level reached by the CIs) represent the boundaries inside which the estimation 
of the sample mean prevalence is expected to occur. Dallas-P indicates Dallas-Parkland health & Hospital System; Dallas-U, Dallas-University of 
Texas Southwestern Medical Center; Milan-M, Milan Monzino; Milan-N, Milan Niguarda hospital; Milano-SR, Milano San Raffaele hospital; Paris-F, 
Paris-Foch; and Paris-HP, Paris-Hôpital Pitié–Salpêtrière.
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Table 1.  Clinical Presentation and Initial Diagnostic Findings in Patients Admitted With COVID-19–Associated Acute 
Myocarditis With Pneumonia or Without Pneumonia

 

No. of patients 
with available 
data

COVID-19 acute myocarditis

All
With  
pneumonia

Without 
pneumonia P value

Overall n  54 23 31  

Demographics

  Age, years, median (Q1–Q3) 54 38 (25–53) 45 (38–58) 30 (18–44) 0.002†

  Female, n (%) 54 21 (38.9) 12 (52.2) 9 (29.0) 0.099

  Race/ethnicity

    Non-Hispanic White, n (%) 51 39 (76.5)* 18 (85.7)* 21 (70.0)* 0.315

    Hispanic White, n (%) 51 4 (7.8)* 0 (0)* 4 (12.9)* 0.134

    Black, n (%) 51 8 (15.7)* 3 (14.2)* 5 (16.6)* 1.000

BMI, kg/m2, median (Q1–Q3) 52 24.9 (21.6–27.5) 25.1 (22.9–26) 24.8 (21.1–29.6) 0.927

Previous myocarditis/pericarditis, n (%) 54 4 (7.4) 1 (4.3) 3 (9.7) 0.628

Hypertension, n (%) 54 5 (9.2) 1 (4.3) 4 (12.9) 0.380

Diabetes, n (%) 54 4 (7.4) 3 (13.0) 1 (3.2) 0.301

Current or previous smoker, n (%) 54 6 (11.1) 3 (13.0) 3 (9.7) 1.000

Obesity (BMI >30 kg/m2), n (%) 52 10 (18.5)* 3 (13.0)* 7 (24.1)* 0.482

Current or previous cancer, n (%) 54 3 (5.5) 3 (13.0) 0 (0) 0.071

Autoimmune disorder, n (%) 54 2 (3.7) 2 (8.7) 0 (0) 0.177

Diagnosis of COVID-19

  Confirmed by NP swab, n (%) 54 46 (85.2) 22 (95.6) 24 (77.4) 0.119

  Confirmed by BAL, n (%) 54 1 (1.8) 1 (4.3) 0 (0) 0.426

  Confirmed by antibodies, n (%) 54 7 (12.9) 0 (0) 7 (22.5) 0.016†

  Positivity at first NP swab, n (%) 54 39 (72.2) 18 (78.3) 21 (67.7) 0.541

Main presenting symptoms

  Dyspnea, n (%) 54 29 (53.7) 18 (78.3) 11 (35.5) 0.002†

  Chest pain, n (%) 54 30 (55.5) 12 (52.2) 18 (58.1) 0.784

  Syncope, n (%) 54 3 (5.5) 2 (8.7) 1 (3.2) 0.569

  Palpitations, n (%) 54 6 (11.1) 3 (13.0) 3 (9.8) 1.000

  Fever, n (%) 54 43 (79.6) 17 (73.9) 26 (83.4) 0.498

  Cough, n (%) 54 25 (46.2) 16 (69.6) 9 (29.0) 0.006†

  GI symptoms, n (%) 54 24 (44.4) 12 (52.2) 12 (38.7) 0.410

Time interval between COVID-19 symptoms’ onset and cardiac 
symptoms’ onset, days, median (Q1–Q3)

50 5 (2–12) 5 (4–32) 4 (0–7) 0.026†

Clinical presentation

  Heart rate, bpm, median (Q1–Q3) 54 103 (74–120) 102 (70–119) 105 (81–121) 0.540

  Systolic blood pressure, mm Hg, median (Q1–Q3) 54 110 (98–129) 110 (100–121) 105 (97–132) 0.720

  Diastolic blood pressure, mm Hg, median (Q1–Q3) 54 65 (58–80) 70 (58–80) 64 (58–80) 0.951

  Temperature, Celsius, median (Q1–Q3) 42 38.7 (37.9–39.6) 38.6 (37.8–39.7) 38.8 (37.9–39.7) 0.787

  Respiratory rate, breaths per minute, median (Q1–Q3) 40 20 (16–27) 24 (18–28) 18 (16–24) 0.134

 � Oxygen saturation (without supplemental oxygen), %, median 
(Q1–Q3)

45 97 (92–99) 92 (88–97) 98 (96–99) 0.007†

  Pao2 (without supplemental oxygen), mm Hg, median (Q1–Q3) 19 83 (64–92) 76 (56–96) 84 (73–89) 0.842

  First available Pao2/FiO2, median (Q1–Q3) 23 257 (120–410) 187 (97–398) 390 (219–413) 0.175

  Need for supplemental oxygen, n (%) 54 27 (50.0) 17 (73.9) 10 (32.2) 0.005†

  ARDS on admission, n (%) 54 6 (10.7) 6 (25.0) 0 (0) 0.004†

  Cardiogenic shock/fulminant presentation, n (%) 54 21 (38.9) 11 (47.8) 10 (32.2) 0.273

(Continued )
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ated AM with pneumonia compared with those without 
pneumonia had a lower oxygen saturation on admis-
sion (median 92% versus 98%, P=0.007), and more 
commonly needed supplemental oxygen (73.9% versus 
32.2%, P=0.005). The occurrence of cardiogenic shock 
was similar in the 2 groups of patients with COVID-19 
AM with pneumonia (47.8%) and without pneumonia 

(32.2%, P=0.27). Last, 6 patients with AM with pneumo-
nia (10.7%) had acute respiratory distress syndrome on 
admission. Seven patients without pneumonia (12.9%) 
had a negative nasopharyngeal swab but positive SARS-
CoV-2 antibodies and a recent episode consistent with 
SARS-CoV-2 infection, whereas in all patients with 
pneumonia, COVID-19 diagnosis was confirmed by  

Laboratory

  Troponin on admission (× fold URL), median (Q1–Q3) 51 21.4 (2.6–91.5) 24.7 (1.4–92.2) 20.8 (3.1–74.1) 0.759

 � Troponin - peak (× fold URL), median (Q1–Q3) 54 55.7 (14.7–201) 66.8 (15.7–323) 58.3 (14.6–182) 0.358

  NT-proBNP - peak, ng/L, median (Q1–Q3) 32 6016  
(1392–24162)

5754  
(781–23981)

8740 
(1699–25144)

0.377

  BNP - peak, ng/L, median (Q1–Q3) 16 1702 (417–2313) 1840 (1381–8922) 1267 (20–2276) 0.272

 � CRP on admission, mg/L, median (Q1–Q3) 52 47 (8–257) 49 (8–285) 45 (7–257) 0.919

CRP – peak, mg/L, median (Q1–Q3) 51 207 (52–336) 274 (97–380) 127 (24–305) 0.092

  Arterial lactate on admission, mmol/L, median (Q1–Q3) 36 2.2 (1.6–3.7) 2.9 (1.7–5.7) 1.8 (1.4–2.6) 0.040†

 � Arterial lactate – peak, mmol/L, median (Q1–Q3) 34 3.5 (2.1–8.3) 5.7 (3.0–13.8) 2.8 (1.8–4.6) 0.025†

 � WBC on admission, ×103/μL, median (Q1–Q3) 54 10.4 (7.0–15.2) 14.3 (6.1–18.9) 9.9 (7.3–13.5) 0.746

  Lymphocyte count on admission, ×103/μL, median (Q1–Q3) 52 1.04 (0.61–1.76) 1.02 (0.60–1.61) 1.12 (0.62–1.66) 0.782

 � Creatinine on admission, mg/dL, median (Q1–Q3) 54 0.85 (0.72–1.28) 0.80 (0.67–1.32) 0.93 (0.75–1.28) 0.372

  D-dimer, ng/mL, median (Q1–Q3) 38 1521 (660–3892) 1931 (521–6250) 1300 (840–3630) 0.663

 � ALT on admission, IU/L, median (Q1–Q3) 50 44 (23–83) 47 (25–92) 37 (21–58) 0.513

 � Albumin on admission, g/L, median (Q1–Q3) 39 32 (27–39) 29 (23–36) 33 (30–41) 0.028†

  Procalcitonin on admission, ng/mL, median (Q1–Q3) 26 1.32 (0.21–9.49) 1.06 (0.31–4.84) 3.5 (0.21–13.2) 0.527

Diagnostic evaluations 

  Cardiac MRI, n (%) 54 50 (92.6) 20 (86.7) 30 (96.8) 0.301

  Endomyocardial biopsy, n (%) 54 17 (31.5) 10 (43.4) 7 (22.6) 0.141

  Coronary CT/coronary angiography, n (%) 54 34 (63.0) 18 (78.2) 16 (51.6) 0.053

ECG on admission

  Normal, n (%) 54 22 (40.1) 10 (43.5) 12 (40.6) 0.784

  ST-segment elevation, n (%) 54 14 (25.9) 6 (26.0) 8 (25.0) 1.000

  Other abnormal ST-T segment, n (%) 54 13 (24.0) 5 (25.0) 8 (25.0) 1.000

  QRS >120 ms, n (%) 54 4 (7.4) 1 (4.2) 3 (9.6) 0.628

  Atrial fibrillation/flutter, n (%) 54 7 (12.9) 2 (8.3) 5 (16.6) 0.685

  NSVT/VT, n (%) 54 0 0 (0) 0 (0) —

  Advanced AV block, n (%) 54 0 0 (0) 0 (0) —

Echocardiography on admission

  LVEF, %, median (Q1–Q3) 54 40 (29–57) 35 (25–55) 45 (35–60) 0.151

  LVEDD, mm, median (Q1–Q3) 37 49 (45–57) 50 (42–60) 49 (46–52) 0.817

  RV-TAPSE <17 mm or evidence of visual dysfunction, n (%) 51 18 (35.3)* 8 (34.5)* 10 (35.7)* 1.000

  Pericardial effusion, n (%) 54 25 (46) 10 (43.5) 15 (48.3) 0.787

ALT indicates alanine transaminase; ARDS, acute respiratory distress syndrome; AV, atrioventricular; BAL, bronchoalveolar lavage; BMI, body mass index; BNP, 
brain natriuretic peptide; CRP, C-reactive protein; CT, computed tomography; FiO2, fraction of inspired oxygen; GI, gastrointestinal; IU/L, international units/liter; 
LVEDD, left ventricular end diastolic diameter; LVEF, left ventricular ejection fraction; MRI, magnetic resonance imaging; NP, nasopharyngeal; NSVT, nonsustained 
ventricular tachycardia; NT-proBNP, N-terminal pro-BNP; Pao2, oxygen partial pressure at arterial gas analysis; Q, quartile; RV-TAPSE, right ventricle tricuspid annular 
plane systolic excursion; URL, upper reference limit; VT, ventricular tachycardia; and WBC, white blood cell.

*The proportions of patients were calculated on the number of patients with available data.
†Significant P values (P<0.05).

Table 1.  Continued

No. of patients 
with available 
data

COVID-19 acute myocarditis

All
With  
pneumonia

Without 
pneumonia P value
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RT-PCR on nasopharyngeal swab or bronchoalveolar 
lavage (Table 1). No differences were observed in histo-
logical and MRI findings between patients with AM with 
and without pneumonia (Tables S3 and S4, Supplemental 
Results), although patients with pneumonia underwent 
cardiac MRI after a median time of 12 days compared 
with 5 days among patients without pneumonia (P=0.01).

In-Hospital Medications
Complete data about in-hospital medications are shown 
in Table 2 and in the Supplemental Results.

Hospital Course and Follow-Up
Median hospital stay was 13 days (Q1–Q3: 9–23) 
with a maximum stay of 131 days. Overall, 38 patients 
(70.4%) were admitted to the intensive care unit for a 

median time of 6 days (Q1–Q3: 4–12). Two patients 
experienced cardiac arrest, 1 because of ventricular fi-
brillation before hospitalization, effectively treated with 
cardiopulmonary resuscitation and electric cardiover-
sion, and the other because of complete atrioventricu-
lar block. Three patients died (5.5%) during the index 
hospitalization, all in the AM group with pneumonia 
(Supplemental Results).

A follow-up visit was available for 47 of 54 patients 
(87.0%) after a median of 88 days (Q1–Q3: 45–183), 
with a maximum follow-up of 351 days. No cardiac 
events occurred after discharge.

Estimated mortality at 120 days was 6.6% among all 
COVID-19 AM (Figure 4A). As shown in Figure 4B, over-
all mortality at 120 days was 15.1% in the group with 
AM with pneumonia and 0% in those without pneumonia 
(log-rank P=0.044). No cardiac deaths or heart trans-
plantation occurred, despite 21 (38.9%) patients expe-

Figure 3. Histological findings and cardiac magnetic resonance imaging (MRI) of 2 patients with COVID-19–associated 
acute myocarditis.
A, Endomyocardial biopsy (EMB) findings from a 20-year-old male patient (case 1 in Table S2) show inflammatory infiltrates in the myocardium 
(upper images, hematoxylin and eosin images at 100× and 200× magnification) and positive CD3 and CD68 immunohistochemical stains (lower 
images, images at 200× magnification) revealing CD3+T-lymphocytes ≥7 cells/mm2 and CD68+macrophages ≥4 cells/mm2 consistent with 
myocarditis on the basis of European Society of Cardiology criteria. B, Baseline and follow-up cardiac MRI images at 1.5 Tesla of a 16-year-old 
boy (case 22) admitted to the hospital with acute myocarditis without pneumonia. Cardiac MRI at baseline fulfilled the 2018 Lake Louise Criteria 
for myocarditis because signs of both myocardial edema and nonischemic myocardial injury were present. T2-weighted images showed patchy 
areas of increased T2 signal intensity. In B, both T2 mapping (1) and short-tau inversion recovery (STIR) T2-weighted imaging (2) showed an area 
of increased signal intensity (SI) in the basal inferolateral wall (asterisks); in this area, T2 mapping value was 58 ms, whereas it was 43 ms in the 
septum, and the ratio between myocardial and skeletal muscle SI was elevated at 2.5. Postcontrast images (3) showed patchy late gadolinium 
enhancement (LGE) with nonischemic pattern in the inferolateral wall (asterisks). Pericardial effusion was also evident at cine images, whereas 
global systolic function was preserved (left ventricular ejection fraction [LVEF] 63%, Video S1). In C, follow-up images of the same patient at 6 
months are shown. Compared with the scan acquired in the acute phase, there were no signs of myocardial edema: in the basal inferolateral wall, 
T2 mapping value decreased to 44 ms (1), and SI ratio between the myocardium and skeletal muscle at STIR T2-weighted images was <2 (2). 
Patchy LGE (asterisks) of the inferolateral wall persisted, although reduced (3). The pericardial effusion was still present, and systolic ventricular 
function improved (LVEF 69%; see Video S2). Of note, indexed myocardial mass also reduced from baseline to follow-up from 85 to 78 g/m2. 
Increased mass in the acute phase can represent an indirect sign of myocardial edema.
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Table 2.   In-Hospital Medications in COVID-19–Associated Acute Myocarditis With Pneumonia or With-
out Pneumonia

 

COVID-19 acute myocarditis

All With pneumonia Without pneumonia P value

Overall n 54 23 31  

Inotropic agents/vasopressors

  Any inotropic/vasopressor agent, n (%) 21 (38.9) 11 (47.8) 10 (32.2) 0.273

  Norepinephrine, n (%) 13 (24.1) 9 (39.1) 4 (12.9) 0.026*

  Epinephrine, n (%) 4 (7.4) 1 (4.3) 3 (9.7) 0.633

  Vasopressin, n (%) 1 (1.8) 1 (4.3) 0 (0) 0.415

  Dobutamine, n (%) 16 (29.6) 9 (39.1) 7 (22.5) 0.225

  Dopamine, n (%) 0 (0) 0 (0) 0 (0) —

  Milrinone, n (%) 2 (3.7) 1 (4.3) 1 (3.2) 1.000

Calcium-sensitizer agents

  Levosimendan, n (%) 3 (5.5) 2 (8.7) 1 (3.2) 0.563

Diuretics

  Any diuretic therapy, n (%) 22 (40.1) 12 (52.1) 10 (32.2) 0.170

  Furosemide, n (%) 20 (37.0) 11 (47.8) 9 (29.0) 0.254

  MRA, n (%) 3 (5.5) 2 (8.7) 1 (3.2) 0.596

Immunosuppressive therapy

  Any immunosuppressive therapy, n (%) 32 (59.2) 13 (56.5) 19 (61.3) 0.784

  Any corticosteroid, n (%) 30 (55.5) 13 (56.5) 17 (54.8) 1.000

  IV corticosteroids, n (%) 25 (46.3) 10 (43.4) 15 (48.3) 0.787

  Oral corticosteroids, n (%) 8 (14.8) 4 (17.3) 4 (12.9) 0.711

  Tocilizumab, n (%) 2 (3.7) 2 (8.7) 0 (0) 0.177

  IVIG, n (%) 8 (14.8) 2 (8.7) 6 (19.3) 0.443

  Colchicine, n (%) 0 (0)    

  Other immunosuppressive drug, n (%) 3 (3.7) 0 (0) 3 (9.7) 0.253

Other anti-inflammatory drugs

  NSAID, n (%) 18 (33.3) 5 (21.7) 13 (41.3) 0.151

  Chloroquine, n (%) 13 (24.0) 10 (43.5) 3 (9.7) 0.008*

Antiviral drugs

  Ritonavir/lopinavir, n (%) 9 (16.7) 7 (30.4) 2 (6.4) 0.028*

  Remdesivir, n (%) 3 (3.7) 1 (4.3) 2 (6.4) 1.000

Anticoagulant agents

  Prophylactic anticoagulation, n (%) 21 (38.9) 7 (30.4) 14 (45.2) 0.398

  Full-dose anticoagulation, n (%) 20 (37.0) 10 (43.4) 10 (32.2) 0.569

  LMWH, n (%) 35 (64.8) 14 (60.9) 21 (67.7) 0.774

  IV heparin, n (%) 3 (5.5) 1 (4.3) 2 (6.4) 1.000

  NOAC, n (%) 2 (3.7) 1 (4.3) 1 (3.2) 1.000

  VKA, n (%) 0 (0)    

  Argatroban, n (%) 1 (1.8) 1 (4.3) 0 (0) 0.426

Antiarrhythmic therapies

  Amiodarone, n (%) 7 (13.0) 2 (8.7) 5 (16.1) 0.685

HF therapies at discharge

  ACEi/ARB/ARNI, n (%) 28 (51.8) 12 (52.2) 16 (51.6) 1.000

  β-Blockers, n (%) 30 (55.5) 11 (47.8) 19 (61.3) 0.410

  MRA, n (%) 10 (18.5) 7 (30.4) 3 (9.7) 0.078

  Ivabradine, n (%) 2 (3.7) 1 (4.3) 1 (32.2) 1.000

ACEi indicates angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker; ARNI, angiotensin II receptor neprilysin 
inhibitor; HF, heart failure; IV, intravenous; IVIG, intravenous immunoglobulins; LMWH, low-molecular-weight heparin; MRA, mineralocor-
ticoid receptor antagonist; NOAC, novel oral anticoagulant; NSAID, nonsteroidal anti-inflammatory drug; and VKA, vitamin K antagonist.

*Significant P values (P<0.05).
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riencing a fulminant presentation, which occurred on the 
day of hospital admission in 13 of 21 patients (61.9%).

t-MCS was used in 10 patients (18.5%) for a median 
time of 5 days (Q1–Q3: 4–10). Specifically, venoarte-
rial extracorporeal membrane oxygenation was used in 6 
patients, intra-aortic balloon pump in 5 patients, and the 
Impella device  (Abiomed‚ Danvers‚ MA) and Levitronix 
CentriMag (Levitronix LLC‚ Waltham‚ MA), respectively, in 2 
and 1 patients. Four patients were treated with 2 different 
types of t-MCS. Estimated mortality or need for t-MCS at 
120 days was 21.5% among all the patients (Figure 4C). 
As shown in Figure 4D, overall mortality or need for t-MCS 
at 120 days was 37.6% in the group with COVID-19 AM 
with pneumonia and 9.7% in those without pneumonia (log-
rank P=0.024; hazard ratio, 3.96 [95% CI, 1.26–14.02]).

Other in-hospital events are shown in Table  3, 
described in the Supplemental Results and Table S5.

Among 411 patients with AM from a previous large 
registry, the proportion of patients who died or required a 
t-MCS was 5.6%, a figure significantly lower compared 
with 20.4% in patients with COVID-19–associated AM 
(P=0.0007). Main characteristics and events in patients 
with AM versus COVID-19–associated AM are pre-
sented in Table S6 (Supplemental Results).

No myocarditis recurrence was reported in 15 of 
51 (29.4%) patients with available data on vaccination 
against SARS-CoV-2 (Supplemental Results).

Changes in Left Ventricular Ejection Fraction 
During Hospitalization and Follow-Up
Data about left ventricular ejection fraction changes 
are shown in Figure 5, the Supplemental Results, and 
Table S7.

Figure 4. Kaplan-Meier estimates of 120-day overall mortality and mortality or need for temporary mechanical circulatory 
support (t-MCS) in patients with COVID-19–associated acute myocarditis (AM). 
A, Mortality in the whole study population with COVID-19 AM and (B) Mortality in patients with COVID-19 AM with (w/) pneumonia on the basis of 
radiographic examinations compared with patients with COVID-19 AM without (w/o) pneumonia. Three noncardiac deaths occurred: 2 deaths caused by 
septic shock and 1 caused by hemorrhagic stroke. C, Mortality or need for t-MCS in the whole study population with COVID-19 AM and (D) Mortality or 
need for t-MCS in patients with COVID-19 AM with pneumonia compared with patients with COVID-19 AM without pneumonia. Among 10 patients who 
received a t-MCS, 2 died on support (1 septic shock and 1 hemorrhagic stroke). HR indicates hazard ratio. *Indicates statistically significant with P<0.05.
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DISCUSSION
This international multicenter study allowed estimation 
of the prevalence of clinically manifest AM in patients 
with COVID-19 infection, its clinical characteristics, and 
association with outcomes: AM mean prevalence was 
2.4 in 1000 hospitalized patients with COVID-19 con-
sidering definitive/probable AM cases and 4.1 in 1000 
also considering possible AM cases. Fifty-seven percent 
of patients with AM had no significant acute lung injury 
caused by COVID-19. AM with fulminant presentation 
was frequent, occurring in 38.9% of the study population. 
Last, patients with pneumonia and COVID-19 AM were 
more likely to develop hemodynamic instability, require 
t-MCS, and die compared with those without pneumonia 
and COVID-19.

The reported prevalence of definite/probable myo-
carditis among patients hospitalized with COVID-19 
has varied markedly depending on the criteria used for 
diagnosis.14,28–32 The population of the present study 
was identified using strict criteria. It consists of patients 
with clinically relevant AM mostly requiring intervention 
and high care as highlighted by the fact that 70.4% of 
patients were admitted to the intensive care unit. In a 
study among 6439 patients with COVID-19 from a 

single-center registry,5 8 patients (0.12%) had new HF 
without known cardiovascular disease or cardiovascular 
risk factors, suggestive of myocarditis. Furthermore, the 
median age of patients with definitive/probable COVID-
19 AM in our study was 38 years, consistent with the 
median age in contemporary non–COVID-19 registries 
on AM, ranging between 30 and 45 years.25,33 Inclu-
sion criteria used to identify patients with COVID-19 
with definite myocarditis were comparable with those 
used previously in the Lombardy registry that collected 
data of 443 patients with AM, where the median age 
of patients was 34 years.34 Similar criteria have been 
also proposed recently by Bonaca et al35 to diagnose 
myocarditis in the context of cancer therapeutics. Fur-
thermore, histological diagnosis cannot be reached in 
all cases of COVID-19–associated AM, because most 
centers followed the consensus documents suggesting 
that EMB should be performed primarily in those cases 
with ventricular arrhythmias, conduction abnormalities, 
or advanced HF,36,37 or because of the impossibility to 
perform EMB related to the critical condition of patients 
or logistic reasons.

Our reported prevalence is lower compared with 
studies that performed universal cardiac MRI screen-
ing during the convalescent COVID-19 period.28,29 An 

Figure 5. Changes in left ventricular ejection fraction (LVEF) during hospitalization in patients with COVID-19 acute myocarditis.
A, Echocardiographic data of LVEF at admission and discharge in the entire population of COVID-19 acute myocarditis (available data, n=47 
of 54). B, COVID-19 acute myocarditis with (w/) pneumonia (available data, n=20 of 23), and (C) COVID-19 acute myocarditis without (w/o) 
pneumonia (available data, n=27 of 31). Wilcoxon matched-pair signed-rank test was used for comparisons. The dot plots indicate the median 
and first and third quartile LVEF at baseline and at follow-up in each group. F indicates first; and L, last. **Indicates P<0.01; ***, P<0.001.
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underestimation of the prevalence of mild or subclinical 
AM is likely in this cohort because of the retrospective 
nature of the registry, the lack of systematic cardiac MRI, 
and the possibility of missing some diagnoses, particu-
larly during the first pandemic wave when cardiac MRI 
and EMB were less frequently performed. Even includ-
ing cases of possible AM in which a characterization by 
cardiac MRI or histology was not systematically available, 
the estimated prevalence was 0.41%. Alternatively, using 
the boundaries inside which the estimation of the sample 
mean prevalence was expected to occur, the estimated 
prevalence ranged between 0.12% and 0.57%. These 
figures were similar to that reported by Daniels et al in 
a previous multicenter study that diagnosed 9 (0.56%) 

patients with a clinically suspected myocarditis among 
1597 athletes with cardiac MRI screening after COVID-
19 infection.28 Similarly, in the ORCCA registry (Outcomes 
Registry for Cardiac Conditions in Athletes), which evalu-
ated the SARS-CoV-2 cardiac involvement among colle-
giate athletes in the United States (mean age, 20 years), 
the prevalence of definite/probable or possible SARS-
CoV-2 cardiac involvement was 0.5% among 2820 ath-
letes who underwent clinically indicated cardiac MRI if at 
least 1 of the following cardiac tests had an abnormal 
result: ECG, troponin levels, or transthoracic echocardiog-
raphy.29 In a third study by Martinez et al that included 789 
professional athletes (mean age, 25 years) who under-
went a similar cardiac screening after COVID-19, myo-

Table 3.  In-Hospital Events That Occurred in Patients Admitted With COVID-19–Associated Acute Myocar-
ditis With Pneumonia or Without Pneumonia

 

COVID-19 acute myocarditis

All With pneumonia Without pneumonia P value

Overall n 54 23 31  

Mortality and need for ICU

  Overall mortality 3 (5.5) 3 (13.0) 0 (0) 0.071

  Need for ICU stay, n (%) 38 (70.4) 16 (69.6) 22 (71.0) 1.000

Hemodynamic/infective events

  Acute heart failure, n (%) 26 (48.1) 12 (52.1) 14 (45.2) 0.784

  Cardiogenic shock, n (%) 21 (38.9) 11 (47.8) 10 (32.3) 0.273

  Need for t-MCS, n (%) 10 (18.5) 7 (30.4) 3 (9.7) 0.078

  Cardiac arrest, n (%) 2 (3.7) 2 (8.7) 0 (0) 0.177

  Septic shock, n (%) 11 (20.4) 9 (39.1) 2 (6.4) 0.005*

Arrhythmias, AV conduction disorders

  Atrial fibrillation/flutter, n (%) 7 (13.0) 2 (8.7) 5 (16.1) 0.685

  NSVT, n (%) 8 (14.1) 3 (13.0) 5 (16.1) 1.000

  VT/VF, n (%) 1 (1.8) 1 (4.3) 0 (0) 0.426

  Advanced AV block, n (%) 4 (7.4) 4 (17.4) 0 (0) 0.028*

  Need for temporary PM, n (%) 3 (5.5) 3 (13.0) 0 (0) 0.071

  Need for cardioversion/defibrillation, n (%) 2 (3.7) 2 (8.7) 0 (0) 0.177

Respiratory events

  Need for noninvasive MV, n (%) 8 (14.8) 6 (26.1) 2 (6.4) 0.060

  Need for invasive MV, n (%) 13 (24.1) 9 (39.1) 4 (12.9) 0.050*

  ARDS, n (%) 6 (11.1) 6 (26.1) 0 (0) 0.004*

Renal events 

  Acute renal failure, n (%) 13 (24.1) 7 (30.4) 6 (19.3) 0.521

  Need for CVVH, n (%) 4 (7.4) 3 (13.0) 1 (3.2) 0.301

Thromboembolic events 

  Overall thromboembolic events, n (%) 7 (13.0) 5 (21.7) 2 (6.4) 0.122

  Pulmonary embolism, n (%) 4 (7.4) 3 (13.0) 1 (3.2) 0.301

  Deep vein thrombosis, n (%) 2 (3.7) 2 (8.7) 0 (0) 0.177

  Arterial embolism, n (%) 2 (3.7) 1 (4.3) 1 (3.2) 1.000

ARDS indicates acute respiratory distress syndrome; AV, atrioventricular; CVVH, continuous venous-venous hemofiltration; ICU, intensive 
care unit; MV, mechanical ventilation; NSVT, nonsustained ventricular tachycardia; PM, pacemaker; t-MCS, temporary mechanical circulatory 
support; and VT/VF, ventricular tachycardia/ventricular fibrillation.

*Significant P values (P <0.05).
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carditis was detected in 0.38% of individuals by cardiac 
MRI.38 It must be noted that in a second population of 
198 athletes in the ORCCA registry, a primary screen-
ing cardiac MRI identified a higher prevalence of SARS-
CoV-2 cardiac involvement in up to 3%,29 suggesting that 
also among hospitalized patients with COVID-19, a sys-
tematic cardiac MRI could have led to a higher prevalence 
of AM. Furthermore, more mild cases among hospitalized 
patients may not be easily recognized without systematic 
biomarker assessment, thus contributing to an underes-
timation of the complete spectrum of myocarditis caused 
by COVID-19. As an example, universal cardiac MRIs in 
older adults who recovered from COVID-19 have dem-
onstrated a high prevalence of myocarditis-like injuries 
ranging from 26% to 60%,30,31 although the current study 
in which clinical, laboratory, and instrumental data were 
integrated seems to suggest that clinically manifest myo-
carditis associated with COVID-19 is likely less frequent 
than observed when relying on cardiac MRI. In addition, 
autopsy series of patients with COVID-19 have observed 
evidence of myocarditis in 0% to 14%.14,32,39

The in-depth characterization of these cases of AM 
associated with COVID-19 is underpinned by the fact that 
31.5% of patients underwent EMB, compared with 12.6% 
in another large registry on AM.34 Of note, we point out the 
occurrence of isolated COVID-19 AM in younger patients 
compared with those with pneumonia. Patients with iso-
lated COVID-19 AM still had a fulminant presentation with 
cardiogenic shock in 10 of 31, (32.3%) highlighting the 
severity of myocarditis triggered by SARS-CoV-2 indepen-
dently of the occurrence of viral pneumonia. A direct car-
diac injury could be mediated by SARS-CoV-2 that infects 
cardiomyocytes, pericytes, and fibroblasts via the angio-
tensin-converting enzyme–2 pathway leading to myocar-
ditis.9 Alternatively, SARS-CoV-2 could trigger an AM by 
mechanisms that include a nonspecific innate inflamma-
tory response or a molecular mimicry mechanism between 
viral proteins and cardiomyocytes,25 even if for the latter 
mechanism, at least a 2-week lapse should be postulated 
between viral exposure and cardiac injury. Studies that 
specifically investigated the presence of SARS-CoV-2 
in the myocardium found no differences in the inflamma-
tory infiltrates compared with patients without evidence of 
SARS-CoV-2 in the heart, questioning if the presence of 
the virus in the heart can trigger an influx of inflamma-
tory cells causing an AM.11 Four out of 15 (26.7%) of our 
patients with histological evidence of AM had evidence of 
the SAR-CoV-2 genome in the heart, suggesting that the 
presence of virus might not be as common as observed 
in previous studies.11,12 Independently of the presence of 
SARS-COV-2 in the myocardium, patients with COVID-
19–associated AM had a significant improvement of left 
ventricular ejection fraction during hospitalization.

Furthermore, we found that isolated COVID-19 AM 
appears more frequently than AM associated with con-
current pneumonia. Nevertheless, this is in line with the 

evidence that respiratory viruses like influenza viruses 
and other subtypes of human coronavirus can trigger 
AM also without causing pneumonia.40–43 Although there 
is evidence that corticosteroids can improve the prog-
nosis of patients with pneumonia requiring respiratory 
support,44 no evidence-based data are available about 
immunosuppression in patients with isolated COVID-
19–associated AM. In this cohort, an immunosuppressive 
agent (primarily corticosteroids and intravenous immu-
noglobulin) was used in 19 out of 31 (61.3%) patients 
without pneumonia, at least demonstrating the safety of 
their use because there were no deaths.

Another clinically relevant observation from this study 
is that a fulminant presentation occurred in a high propor-
tion of patients infected by SARS-CoV-2, in up to 38.9%, 
a proportion that is higher compared with a subset of 411 
patients with non–COVID-19 AM from the Lombardy 
registry, where a fulminant presentation occurred in 8.3%. 
Nevertheless, in patients with available EMB, diffuse 
inflammatory infiltrates were less frequently observed in 
COVID-19–associated AM compared with the subset of 
non–COVID-19 AM (35.3% versus 71.1%; P=0.018), in 
accordance with other studies.14,32 In addition, COVID-
19–associated AM compared with non–COVID-19 AM 
showed a lower left ventricular ejection fraction on first 
echocardiogram (median 40% versus 55%) and a higher 
number of patients who died or required a t-MCS (20.4% 
versus 5.6%) among COVID-19–associated AM. An intu-
itive explanation can be that the COVID-19 population 
could be skewed toward the most severe cases of AM, 
because patients with mild myocarditis can be underrec-
ognized and missed, particularly during the first pandemic 
wave. Nevertheless, a prospective series of patients with 
AM and detection of respiratory viruses by RT-PCR on 
nasopharyngeal swab had a fulminant presentation in 
up to 55.6% of cases.40 Coronaviruses could trigger 
immune-mediated reactions that can play a major role 
in determining cardiac injury in a susceptible host with a 
permissive genetic background.25,43 Furthermore, hemo-
dynamic instability could be also caused by an associ-
ated distributive shock caused by the hyperinflammatory 
state observed in some of the patients with COVID-19–
associated AM,16,17 also called MIS in adults.45 MIS has 
been observed in COVID-19 more frequently in children, 
and for this reason, patients younger than 10 years were 
excluded in the attempt to describe a more defined adult 
population with AM. Previously described cases of MIS 
in adults were associated with delayed-onset AM and 
negative SARS-CoV-2 RT-PCR, suggesting a postinfec-
tious immunologic nature of this COVID-19 complica-
tion.15–17 On the contrary, in our series, SARS-CoV-2 was 
detected by RT-PCR in 87.0% of cases, suggesting that 
at least in the majority of cases, AM was a concurrent 
event associated with COVID-19. Yet it must be acknowl-
edged that among patients without pneumonia, SARS-
CoV-2 was detected by RT-PCR in a lower proportion 
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of cases (77.4%), thus more resembling the previously 
described cases of delayed-onset AM in MIS. Nonethe-
less, the mechanism that leads to cardiac injury can be an 
immune-mediated response triggered by SARS-CoV-2 
both during COVID-19 florid infection and postexposure.

Furthermore, we observed that patients with COVID-19 
AM with pneumonia had a higher risk of death or t-MCS. 
In our cohort, patients with associated pneumonia were 
significantly older compared with patients without pneu-
monia, and this could partially explain the worse outcome 
in this subset of patients. Furthermore, these patients 
more frequently developed acute respiratory distress syn-
drome and septic shock that can further compromise the 
hemodynamic stability. In addition, patients with COVID-
19 AM with pneumonia had lower oxygen saturation and 
higher lactate levels on admission compared with isolated 
COVID-19–associated AM. It must be noted that‚ it might 
be challenging, at least in some cases, to distinguish the dif-
fuse radiographic infiltrate occurring in pulmonary edema 
from true COVID-19 pneumonia. Nevertheless, the fact 
that natriuretic peptides, systolic blood pressure, and heart 
rate on admission were similar between patients with and 
without pneumonia suggests that the group defined as 
having pneumonia had a real associated pneumonia and 
are not simply patients with AM and a more severe pulmo-
nary congestion. In addition, our in-hospital mortality was 
5.5%, a figure that is lower compared with the 13.2% mor-
tality reported in a metanalysis of 38 published cases of 
suspected myocarditis with COVID-19,8 where a publica-
tion bias could have overestimated mortality. Nevertheless, 
the mortality found in our series appears slightly higher 
compared with the figure of in-hospital mortality plus heart 
transplantation (1.2%) in the non-COVID-19 AM from the 
Lombardy registry.34

Last, this study provides results that can be compared 
with the recent data on AM after mRNA COVID-19 vac-
cination,46,47 showing that hospitalized patients with AM 
associated with COVID-19 have a need for intensive 
care unit admission in up to 70.5%, despite a median 
age of 38 years, whereas with COVID-19 vaccines, most 
patients have milder forms of AM.46,47 With regard to the 
prevalence of AM after vaccination, among 2.8 million 
doses of mRNA COVID-19 vaccine in the armed forces, 
only 23 male individuals (median age of cases was 25 
years) had evidence of AM, suggesting a prevalence of 
<1 case of AM among 100 000 mRNA COVID-19 vac-
cine doses.47 At the time of another report of 8 cases 
of AM after mRNA COVID-19 vaccine,46 there were 
5166 reports of chest pain and 399 reports of myocar-
ditis among 129 million fully vaccinated individuals with 
BNT162b2 or mRNA-1273 received by the Centers for 
Disease Control Vaccine Adverse Event Reporting Sys-
tem (www.wonder.cdc.gov/vaers.html). These figures 
appear reassuring compared with the prevalence of clini-
cally manifest AM observed in this study among hospital-
ized patients with COVID-19.47

Study Limitations
The retrospective nature of this registry may have intro-
duced potential selection bias. We further account for at 
least 43 patients with possible AM that were excluded 
because of the impossibility of performing a cardiac MRI 
or because of the lack of histological or imaging confir-
mation of myocarditis. Furthermore, we excluded patients 
older than 70 years, because the risk of nonspecific in-
flammatory cardiac injury detected by cardiac MRI has 
been perceived as higher as well as those older than 50 
years without coronary angiography. Nevertheless, in the 
present study and in the Lombardy registry of AM that 
had superimposable inclusion criteria, the proportion of 
patients excluded because of lack of coronary angiog-
raphy above older than 50 years or older than 70 years 
was similar (ie, 6.3% and 5.2%, respectively).34 Further-
more, looking at previous large registries of patients with 
AM, cases in persons older than 70 years were rarely ob-
served.25 Moreover, asymptomatic patients with AM and 
those without typical symptoms and signs may not have 
been correctly identified. This approach with stricter diag-
nostic criteria might have reduced the sensitivity and gen-
eralizability of our findings, but it allowed us to describe a 
more precise and specific population of adults with AM.

We also recognize that in some of the contribut-
ing centers heavily hit by the first pandemic wave (for 
instance, Bergamo in Italy) where no eligible cases of 
AM were found, some patients with AM could have 
been missed, even if an autoptic series of patients with 
COVID-19 from the same hospital found no myocarditis 
in accordance with our findings.39

Indeed, not all patients were screened for other 
potential viral causes besides SARS-CoV-2 in naso-
pharyngeal swab or in myocardial tissue. Furthermore, 
33.3% of biopsy samples demonstrated evidence of par-
vovirus B19. Parvovirus B19 is increasingly considered 
a bystander because it is frequently found in the normal 
heart.48,49 However, we cannot exclude that parvovirus 
B19 could be a contributing cause of AM. Furthermore, 
just more than half of the patients underwent specific 
tests to rule out immunologic causes of myocarditis, even 
if SARS-COV-2 infection per se can be seen as a plau-
sible cause of myocarditis.

Last, the absence of centralized review of pathology 
and cardiac MRI findings and the use of different MRI 
hardware and software may have led to a difference in 
the assessment of qualitative and quantitative param-
eters, although a high interobserver reproducibility has 
been reported.50

Conclusions
Our study pointed out that COVID-19–associated AM 
occurred between 2 and 4 per 1000 hospitalizations 
for COVID-19. COVID-19–associated AM presented 
both with and without concomitant pneumonia and was 
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frequently complicated by shock (38.9%). Patients with 
associated pneumonia had a worse prognosis compared 
with isolated AM. Furthermore, the use of corticosteroids 
in patients with AM appeared safe, and in most cases, 
a rapid increase in the left ventricular ejection fraction 
was observed, even if no causality can be inferred from 
our data. Last, among discharged patients with AM, we 
reported an excellent short-term prognosis without oc-
currence of cardiovascular events.
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