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Abstract

Background 
and Aims

Contemporary multicentre data on clinical and diagnostic spectrum and outcome in myocarditis are limited. Study aims 
were to describe baseline features, 1-year follow-up, and baseline predictors of outcome in clinically suspected or bi-
opsy-proven myocarditis (2013 European Society of Cardiology criteria) in adult and paediatric patients from the 
EURObservational Research Programme Cardiomyopathy and Myocarditis Long-Term Registry.

Methods Five hundred eighty-one (68.0% male) patients, 493 adults, median age 38 (27–52) years, and 88 children, aged 8 (3–13) 
years, were divided into 3 groups: Group 1 (n = 233), clinically suspected myocarditis with abnormal cardiac magnetic res-
onance; Group 2 (n = 222), biopsy-proven myocarditis; and Group 3 (n = 126) clinically suspected myocarditis with normal  
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or inconclusive or no cardiac magnetic resonance. Baseline features were analysed overall, in adults vs. children, and among 
groups. One-year outcome events included death/heart transplantation, ventricular assist device (VAD) or implantable car-
dioverter defibrillator (ICD) implantation, and hospitalization for cardiac causes.

Results Endomyocardial biopsy, mainly right ventricular, had a similarly low complication rate in children and adults (4.7% vs. 4.9%, P = NS), 
with no procedure-related death. A classical myocarditis pattern on cardiac magnetic resonance was found in 31.3% of children and 
in 57.9% of adults with biopsy-proven myocarditis (P < .001). At 1-year follow-up, 11/410 patients (2.7%) died, 7 (1.7%) received a 
heart transplant, 3 underwent VAD (0.7%), and 16 (3.9%) underwent ICD implantation. Independent predictors at diagnosis of death 
or heart transplantation or hospitalization or VAD implantation or ICD implantation at 1-year follow-up were lower left ventricular 
ejection fraction and the need for immunosuppressants for new myocarditis diagnosis refractory to non–aetiology-driven therapy.

Conclusions Endomyocardial biopsy was safe, and cardiac magnetic resonance using Lake Louise criteria was less sensitive, particularly in 
children. Virus-negative lymphocytic myocarditis was predominant both in children and adults, and use of immunosuppres-
sive treatments was low. Lower left ventricular ejection fraction and the need for immunosuppressants at diagnosis were 
independent predictors of unfavourable outcome events at 1 year.

Structured Graphical Abstract

What is the safety and value of endomyocardial biopsy in paediatric and adult patients with suspected myocarditis? What are the
predictors of worse outcome in patients with proven myocarditis?

Endomyocardial biopsy was safe in adults and children. Myocarditis on cardiac magnetic resonance was found in 31.3% of children and 
in 57.9% of adults with biopsy-proven myocarditis. Lower left ventricular ejection fraction and need for immunosuppression at diagnosis 
were independent predictors of unfavourable outcomes at one-year follow-up.

In clinically suspected myocarditis endomyocardial biopsy is safe while cardiac magnetic resonance using Lake Louise criteria is less
sensitive than endomyocardial biopsy. Lower left ventricular ejection fraction and need for immunosuppression at diagnosis are
independent predictors of unfavourable outcomes at follow-up. 
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Introduction
Myocarditis may have different clinical presentations, ranging from a 
pseudoinfarct with normal coronary arteries to acute, subacute, or 
chronic heart failure, a wide arrhythmia spectrum from mild cases to 
sudden cardiac death, and life-threatening unexplained cardiogenic 
shock.1 The disease is more common in the young and in males, al-
though it may occur at any age.1 The diagnostic gold standard is endo-
myocardial biopsy (EMB), including histological, immunological, 
immunohistochemical, and molecular tools to define its aetiology.1

However, EMB is performed in a small proportion of patients, generally 
the most clinically severe cases.2 In 2013, the European Society of 
Cardiology (ESC) Working Group on Myocardial and Pericardial 
Diseases experts proposed diagnostic criteria for biopsy-proven and 
clinically suspected myocarditis, the latter aimed at refining clinical 
suspicion in patients not undergoing EMB.1

To date, most information about the presentation and natural 
history of myocarditis has come from retrospective cohort regional 
registries3–5 or prospective studies from single tertiary referral 
centres6,7 without the use of homogeneous diagnostic criteria. In 
2009, the ESC launched the EURObservational Research Programme 
(EORP) to improve the understanding of medical practice through pro-
spective observational registries. As part of this programme, a cardio-
myopathy and myocarditis registry was established.8,9 Here, we 
report baseline and 1-year follow-up of the myocarditis registry. 
Adult and paediatric patients were enrolled using homogeneous cri-
teria, the 2013 ESC diagnostic criteria of clinically suspected, or biopsy- 
proven myocarditis,1 with a particular focus on aetiology and outcome.

Methods
General registry design and aims
The ESC EORP Cardiomyopathy and Myocarditis Registry is a prospective, 
multicentre observational registry of patients with a diagnosis of cardiomy-
opathy or myocarditis consecutively evaluated at cardiology centres across 
Europe; detailed methodology has been described.8,9

The primary aims of the ESC observational prospective myocarditis 
registry were (i) to record clinical and diagnostic features and geographical 
distribution across Europe of both (newly diagnosed) inpatients and (previ-
ously diagnosed) outpatients, as well as current management of adult and 
paediatric myocarditis in patients enrolled using homogeneous criteria, 
the 2013 ESC diagnostic criteria of clinically suspected, or biopsy-proven 
myocarditis;1 (ii) to assess potential differential features in clinically sus-
pected and biopsy-proven myocarditis in adults vs. children; and (iii) to de-
scribe the 1-year follow-up and baseline predictors of unfavourable 
outcome events.

Patient population
Participating centres in each country were selected using pre-specified in-
clusion and exclusion criteria.8,9 Each of the 46 participating centres entered 
consecutive patients over a 12-month period, with new (incident) or pre-
vious diagnosis (prevalent), clinically suspected, or biopsy-proven according 
to 2013 ESC criteria and definitions.1 Incident vs. prevalent was defined as 
incident if date of inclusion to date of first evaluation was <1 year and preva-
lent if date of inclusion to date of first evaluation was ≥1 year. Definitions 
used for analyses of geographical subgroups were previously detailed.8,9

For the purpose of identifying potential differential features between 
biopsy-proven and clinically suspected myocarditis, the enrolled patients 
were divided into three groups (G): Group 1 (G1) had clinically suspected 
myocarditis confirmed at cardiac magnetic resonance (CMR),1 Group 2 
(G2) had biopsy-proven myocarditis with or without CMR confirmation,1

and Group 3 (G3) had clinically suspected myocarditis, with no, normal, 
or inconclusive CMR tissue characterization.1 Late gadolinium enhance-
ment (LGE) was not adjudicated by a core lab, and the classical myocarditic 
pattern was defined in keeping with the original Lake Louise criteria.1

Participating centres managed the approvals of national or regional ethics 
committees or Institutional Review Boards, according to local regulations 
(numbers of ethical approval for single centres are provided in 
Supplement). Written informed consent was obtained from all participants 
or from the parent for patients <18 years old, before data collection. All 
diagnostic or therapeutic procedures were left to the discretion of the at-
tending physician. The registry was conducted by an Executive Committee 
and managed by the EORP department of the ESC which also performed 
statistical analyses.

Study outcomes
Combined endpoints for outcomes were defined a priori as death or heart 
transplantation or hospitalization or ventricular assist device (VAD) im-
plantation or implantable cardioverter defibrillator (ICD) implantation at 
1 year.

Statistical analysis
Baseline clinical and diagnostic features, procedures, medications, and geo-
graphical distribution were analysed in the overall cohort, in adults vs. chil-
dren, and among groups. Statistical analysis was provided independently 
from the investigators by the EORP statistical team. Univariate analysis 
was applied to both continuous and categorical variables. Continuous vari-
ables were reported as median and interquartile range (IQR). Among-group 
comparisons were made using a non-parametric test (Kruskal–Wallis test). 
Categorical variables were reported as percentages. Among-group com-
parisons were made using a χ2 test or a Fisher’s exact test if any expected 
cell count was <5. A two-sided P-value of <.05 was considered as statistic-
ally significant. Plots of Kaplan–Meier curves for the combined endpoints 
were performed. Cox proportional hazards model was used for survival es-
timates reporting hazard ratios (HR) and 95% confidence intervals (CI). 
Univariable analysis of death or heart transplantation or hospitalization or 
VAD implantation or ICD implantation at 1 year was performed with a 
Cox proportional hazards model. Variables with P < .05 were entered in 
a multivariable Cox proportional hazards model with a stepwise selection 
procedure and a significance level of P = .05. The list of covariates included 
in the stepwise selection procedure was previously filtered to avoid includ-
ing covariates with high correlation (coeff > 0.8). Some measures of model 
fit were considered: concordance and the goodness-of-fit test proposed by 
May and Hosmer; Schoenfeld residual test was calculated to verify the as-
sumptions of proportionality. This registry is an observational study, and 
each variable is analysed according to the data collected, with no handling 
for missing data. All analyses were performed using SAS statistical software 
version 9.4 (SAS Institute, Inc., Cary, NC, USA).

Results
Overall enrolled patients and enrolment 
by country
Overall, 46 centres from 18 countries participated; the main features 
of the enrolling centres are shown in Supplementary data online, 
Table S1. The distribution of enrolled patients per country is shown 
in Figure 1; there were 83 patients (14.3%) from East, 113 (19.4%) 
North, 280 (48. 2%) South, and 78 (13.4%) West Europe, and 27 
subjects (4.6%) were from non-ESC countries. A total of 581 
(68.0% male) patients was recruited, of whom 493 were adults, 
with a median age at enrolment of 38 (IQR 27–52) years, and 88 chil-
dren, median age 8 (IQR 3–13) years. Of the 581 patients, 233 
(40.1%) G1 patients had clinically suspected myocarditis with CMR 
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Figure 1 The top panel shows the proportion of Group 1 clinically suspected with abnormal cardiac magnetic resonance (CMR) (n = 233), the middle 
panel Group 2 of biopsy-proven myocarditis patients (n = 222), and the bottom panel Group 3 of clinically suspected, with no, normal, or inconclusive 
CMR (n = 126) in each participating country
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confirmation, 222 (38.2%) G2 patients had biopsy-proven myocardi-
tis (with or without CMR confirmation), and 126 (21.7%) G3 pa-
tients had clinically suspected myocarditis (with no or normal or 
inconclusive CMR) (Table 1).

Of the 579 patients in whom the information was reported, 
466 (80.5%) were incident (new) and 113 (19.5%) prevalent 
cases; of the 581 patients, 428 (73.7%) were inpatients and 
153 (26.3%) were outpatients (see Supplementary data online, 
Table S2).

Demographic and baseline 
characteristics: procedures by age 
(paediatric vs. adults)
Main demographic and other baseline characteristics in the overall co-
hort in adults vs. children and according to myocarditis group are 
shown in Table 1; additional features are in Supplementary data 
online, Table S2. Most baseline features were similar in children and 
in adults, including a similar predominance of male gender in adults 
(344/493, 69.8%) and children (51/88, 58.0%, P = .09). In adults, the pre-
dominance of males was lower in G2 biopsy-proven (56.8%) than in G1 
(81.3%) and in G3 clinically suspected myocarditis (71.0%, P < .001). 
Among the comorbidities/risk factors, adults had a higher frequency 
of arterial hypertension (P < .001) and renal impairment than children 
(P < .02).

Angina-like chest pain (with normal coronary arteries), palpitation, 
and history of bundle branch block were less common in children 
than in adults (37.0% vs. 61.0%, P < .001; 17.3% vs. 33.4%, P = .015; 
1.1% vs. 12.2%, P = .008, respectively). Children had higher proportions 
of New York Heart Association (NYHA) class III and IV compared with 
adults (P < .001) at diagnosis.

Procedures performed prior or at the time of enrolment are shown 
in Table 2. Electrocardiogram (ECG) and echocardiography were per-
formed in almost all patients (97%–98%), CMR in a high proportion 
(70.7%), and less frequently in children (56.8%) than in adults (73.2%, 
P = .008). Endomyocardial biopsy, mainly from the right ventricle 
(RV) (75.8%), had a low complication rate, similar in adults (4.9%) 
and children (4.7%), with no procedure-related deaths. The most fre-
quent complications were pericardial effusions in five patients and car-
diac tamponade in three.

The implant of a cardioverter defibrillator (ICD) tended to be less 
common in children than in adults (3.4% vs. 11.4%, P = .07); 24 h 
ECG Holter monitoring and ventricular assist device implantation 
were more commonly performed in children (53.4% vs. 33.7%, 
P = .002; 12.5% vs. 1.0%, P < .001, respectively).

Demographic and baseline characteristics: 
procedures by myocarditis group 
(biopsy-proven vs. clinically suspected)
Grade 2 biopsy-proven adult patients were older and had more fre-
quently hypertension, renal impairment, palpitation, and positive ar-
rhythmia history compared with the G1 and G3 adult clinically 
suspected patients (Table 1). Both in adult and paediatric biopsy-proven 
patients, angina-like chest pain (with normal coronary arteries) was a 
less common presentation; conversely, heart failure signs and symp-
toms were more common than in clinically suspected patients (Table 1).

Twenty-four hour ECG Holter monitoring, ICD, pacemaker im-
plantation, and cardiac ablations were performed more frequently in 
biopsy-proven adults compared with the adult G1 and G3 clinically 

suspected patients (Table 2). Cardiac magnetic resonance was less fre-
quently performed both in biopsy-proven adults and children com-
pared with the clinically suspected groups (Table 2).

Both in biopsy-proven adults and children, echocardiographic left 
ventricular function indexes, in particular left ventricular ejection frac-
tion (LVEF) and per cent fractional shortening, were lower than in clin-
ically suspected patients (see Supplementary data online, Table S3). In 
biopsy-proven adults, right ventricular global systolic dysfunction was 
more common (P < .001); degree of diastolic dysfunction and of mi-
tral regurgitation on Doppler echocardiography was higher than 
in clinically suspected patients (P < .001; P = .003, respectively) (see 
Supplementary data online, Table S3).

On CMR, LVEF was lower in biopsy-proven vs. clinically suspected 
adult patients (P < .001) and tended to be lower also in paediatric 
biopsy-proven vs. clinically suspected subjects (Table 3). Oedema 
and/or a classical LGE myocarditis pattern was less frequently found 
among biopsy-proven patients compared with clinically suspected 
groups, both in adults (57.9%, P < .001) and in children (31.3%, 
P < .001) (Table 3).

Non–aetiology-driven medical treatment 
in all patients by age and by myocarditis 
group (biopsy-proven and clinically 
suspected)
In the overall cohort, beta-blockers were used in 66.4% of patients, 
angiotensin-converting enzyme (ACE) inhibitors in 52.3%, oral diuretics 
in 35.3%, mineralocorticoid receptor antagonists in 28.6%, oral anticoa-
gulants in 14.3%, anti-arrhythmic drugs in 12.6%, and amiodarone 
in 8.6%; oral diuretics and ACE inhibitors were used more frequently 
in paediatric than in adult patients (see Supplementary data online, 
Table S4).

Among adults, beta-blockers, ACE inhibitors, oral diuretics, min-
eralocorticoid receptor antagonists, and anti-arrhythmic drugs includ-
ing amiodarone, digoxin, and statins were more frequently used in 
G2 biopsy-proven compared with clinically suspected patients (see 
Supplementary data online, Table S4).

2013 European Society of Cardiology 
criteria in the whole cohort by age and by 
myocarditis group
The distribution of 2013 ESC criteria is shown in Table 4. Overall, angina 
with unobstructed coronary arteries was common (58.1%), as any 
heart failure (new-onset or subacute or unexplained cardiogenic shock, 
50.2%) followed by any arrhythmia (aborted sudden cardiac death, 
syncope, or cardiac arrhythmia, 31.7%). Among children, new-onset 
and any heart failure were more common than in adults (P < .001; 
P < .001, respectively). In biopsy-proven adults, angina was less com-
mon; more common were all heart failure and arrhythmia presenta-
tions as compared with clinically suspected adults. In biopsy-proven 
children, new-onset or any heart failure was more common than in clin-
ically suspected children (Table 4).

Overall, all diagnostic criteria groups identified a high proportion of 
abnormal findings, i.e. 74.1% for high troponin levels to 65.2% for ab-
normal tissue characterization by CMR. Abnormal tissue characteriza-
tion (oedema and/or LGE) by CMR was less common in children than in 
adults (50.6% vs. 67.7%, P = .009) and was found in only 57.9% of adult 
and 31.3% of paediatric biopsy-proven patients. Conversely, in the 
whole cohort, ancillary features were found in a minority of patients, 
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the most common being fever at presentation or within the preceding 
30 days (40.2% of all patients).

Endomyocardial biopsy findings and 
aetiology-directed therapy
Endomyocardial biopsy findings in the whole biopsy-proven cohort and 
by age are shown in Supplementary data online, Table S5, and histology 
type and detected viruses in children and adults in Figure 2. Overall, the 
histology distribution according to the Dallas criteria showed active 
myocarditis in 52.5%, borderline in 36.2%, and healed myocarditis in 
11.3%; the most common histology type was lymphocytic (82.6%), fol-
lowed by giant cell (7.6%), sarcoid (6.3%), and eosinophilic (3.5%) myo-
carditis; immunohistology was positive in 82.6% of cases. In the whole 
population, at least one positive viral polymerase chain reaction on EMB 
was found in 34.1% of patients [most commonly parvovirus B19 
(PVB19), 21.7%, followed by human herpes virus 6 (HHV6), 9.5%] 
and more commonly in children than in adults (75.9% vs. 25.7%, 
P < .001). Parvovirus B19 and HHV6 were more frequently detected 
in paediatric vs. adults (51.7% vs. 15.3%, P < .001; 34.6% vs. 4.5%, 
P < .001, respectively). Serum anti-heart autoantibodies were more fre-
quently detected in adults than in children (44/64, 68.8%, vs. 1/14, 7.1%, 
P < .001). The use of aetiology-directed therapy is shown in 
Supplementary data online, Table S6. Overall, antiviral therapy was gi-
ven to a minority of patients (5.7%), regardless of biopsy-proven diag-
nosis, and more frequently in children than adults (23.3% vs. 2.6%, 
P < .001); steroids were used in 24.7% and immunosuppression (IS) 
in 22.6%, again regardless of biopsy-proven diagnosis. In children, ster-
oids were given in 25.3% and IS in 25.6% and to similar proportions of 
G1, G2, and G3. In G2 biopsy-proven adults, steroids were given in 
52.1% and IS in 39.5% and more frequently than in G1 or G3 patients 
(P < .001; P < .001, respectively).

European Society of Cardiology criteria, 
histology types, and aetiological therapy 
by geographical area
There were significant differences in all 2013 ESC-defined presenta-
tions, except for cardiac arrhythmia, among the five geographical 
regions (see Supplementary data online, Table S7). Chest pain was 
more frequent in the North (69.9%) and South (60.7%) (P = .005) com-
pared with East, West, and non-ESC regions; new-onset heart failure 
was more common in the West (53.2%, P < .001); subacute/chronic 
heart failure was predominant in the East (33.7%, P < .001) and aborted 
sudden cardiac death and syncope in the non-ESC area (11.1%, 
P = .036; 22.2%, P = .03, respectively); unexplained cardiogenic shock 
was most common in the West (14.3%, P = .023).

There were differences in all 2013 ESC-defined diagnostic criteria, 
except for tissue characterization by CMR, by geographical area. The 
ECG/Holter/stress test category was fulfilled more frequently in the 
East (86.7%, P < .001), abnormally high troponin levels (from local la-
boratory values) in the North (96.5%, P < .001), and new functional 
and structural abnormalities on cardiac imaging in the non-ESC area 
(92.6%, P = .015). There were also differences in the distribution of 
two of the 2013 ESC-defined ancillary features. In particular, fever at 
presentation or within the preceding 30 days was more commonly re-
ported in the South (48.6%) and in the East (48.2%) (P < .001); personal 
or family history of allergic asthma, other types of allergies, extra- 
cardiac auto-immune diseases, and toxic agents were also more fre-
quently present in the South (15.0%) and in the East (12.0%) 
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(P = .044). Regarding differences in the distribution of histology types, 
in the North, giant cell (26.1%) and sarcoid (39.1%) myocarditis was 
more common than in the other areas (P < .001; P < .001, respectively); 
lymphocytic myocarditis predominated in the East (95.5%), West 
(100.0%), and South (95.0%) (P < .001) (not shown). Steroids 
(38.6%), other immunosuppressants, or immunomodulatory drugs 
(39.8%) were more frequently prescribed in the East (P = .019; 
P = .003, respectively).

Follow-up and 1-year outcome and 
univariable and multivariable predictors at 
diagnosis of unfavourable outcome
Among the 581 patients at baseline, only 554 patients are in the final 
database (as 27 myocarditis patients were enrolled in sites non- 
compliant with European Community regulatory agreements and 
therefore removed in transfer after lock of initial database). Among 
these 554 patients, 410 performed their 1-year follow-up (74.0%). 
There were no differences in baseline characteristics between those 
with and without follow-up data (not shown). The main clinical and 
diagnostic features at 1-year follow-up in the whole cohort and by 
group are shown in Supplementary data online, Table S8; overall, 11 pa-
tients (2.7%) died, 7 (1.7%) received a heart transplant, 3 underwent 
VAD (0.7%), and 16 (3.9%) underwent ICD implantation. At follow-up, 
G2 biopsy-proven patients had worse clinical and diagnostic features 
(advanced NYHA class, more heart failure signs and symptoms, more 
arrhythmia, and lower biventricular function) and higher frequency of 
ICD implantation and of heart transplant compared with the remaining 
clinically suspected patients. Baseline univariate predictors of unfavour-
able outcome at 1-year follow-up (Table 5) included young age, history 
of stroke and of hypertension, the presence of subacute/chronic heart 
failure signs and symptoms, echocardiographic biventricular dysfunc-
tion indexes, detection of HHV6 on EMB, and the need of medical ther-
apy and VAD. Risk of death or heart transplant at 1 year in all patients 
was higher in G2 biopsy-proven patients vs. G1, with HR (95% CI) 4.22 
(1.21; 14.69), P = .024 (Figure 3A); risk of death or heart transplantation 
or hospitalization or VAD implantation or ICD implantation at 1 year in 
all patients was also higher in G2 biopsy-proven patients vs. G1, with 
HR (95% CI) 1.72 (1.11; 2.65), P = .014 (Figure 3B). The results of the 
Cox multivariable model on risk at 1 year for death or heart transplant-
ation or hospitalization or VAD implantation or ICD implantation are 
shown in Table 6. A high value of echocardiographic LVEF at diagnosis 
was an independent predictor of lower risk to have the event (HR 0.98; 
95% CI 0.97–0.99, P = .004). New start of immunosuppressant or im-
munomodulatory drug intake at new myocarditis diagnosis indicated a 
higher risk to have the event (HR 1.92; 95% CI 1.26–2.92, P = .002).

Discussion
This work reports the first observational cross-sectional prospective 
data and several novel observations regarding clinical presentations, 
diagnosis and management, and outcome predictors in children and 
adults with clinically suspected and biopsy-proven myocarditis across 
a broad range of centres, using homogeneous criteria and definitions, 
i.e. the 2013 ESC consensus criteria and definitions.1 In this registry, 
the population is less heterogeneous than all previously published 
single-centre and multicentre myocarditis registries.3–5 The ESC defin-
ition is the most strict definition of clinically suspected myocarditis, 
since in addition to clinical and diagnostic parameters, it requires exclu-
sion of other causes that may explain the syndrome (Takotsubo, 

myocardial infarct with normal coronary arteries, and dilated or ar-
rhythmogenic cardiomyopathy).1 In addition, only 126 of the 581 re-
ported patients had clinically suspected myocarditis without a CMR 
proven or a biopsy-proven diagnosis.

Paediatric vs. adult myocarditis
This registry confirms that both biopsy-proven and clinically suspected 
myocarditis is a disease predominantly affecting the relatively young.1–7

Virus-negative lymphocytic myocarditis was predominant both in 
children and adults; immunosuppressants were underutilized. 
Epidemiological features and 1-year outcome were similar in children 
and adults; myocarditis was more common in males, in keeping with 
previous observations.10 However, predominance of males was lower 
among biopsy-proven children and adults that had lower indexes of bi-
ventricular function, higher frequency of heart failure, and advanced 
NYHA class, all features previously associated with worse progno-
sis,1–7 and that were confirmed here as univariate predictors of dismal 
evolution. An independent negative prognostic role of male gender is 
not yet established; a recent single-centre study showed that female 
gender was an independent negative predictor in the pre-IS era6; 
thus, more studies are warranted. In this registry, heart failure was 
more common in children. This may indicate that children can be less 
aware of symptoms than adults, so that diagnosis is delayed until heart 
failure signs are overt. In an experimental murine model of 
enterovirus-induced myocarditis, the very young and the very old ani-
mals developed severe myocarditis and had worse outcome.11,12

Although the relevance of these observations to humans is unknown, 
and enterovirus is not frequently detected in contemporary biopsy- 
proven cohorts,1,2 as confirmed here, the present registry data suggest 
that paediatric cardiologists should always suspect an underlying myo-
carditis in children with unexplained heart failure or dilated cardiomy-
opathy.13–15 Last but not least, paediatric and adult myocarditis cases, 
diagnosed by homogeneous criteria, had more similarities than differ-
ences. This may be useful from clinical operational point of view, in 
that the patients may be diagnosed using similar approaches. 
However, the diseases in children and adults may still have different 
pathophysiological trajectories; thus, it should not be assumed a priori 
that they share the same treatment or outcomes.

Biopsy-proven vs. clinically suspected 
myocarditis
In the registry, biopsy-proven patients, at baseline, had a higher fre-
quency of heart failure and arrhythmia, more advanced NYHA class, 
lower indexes of biventricular function, more frequent use of all 
classes of cardioactive medications, and underwent ICD implant-
ation more frequently. At 1-year follow-up, biopsy-proven patients 
had worse clinical and diagnostic features, a higher risk of death or 
heart transplant, as well as higher risk of death or heart transplant-
ation or hospitalization or VAD or ICD implantation. These findings 
strongly suggest a selection bias in performance of EMB in the sickest 
patients regardless of age, in keeping with most guidelines and expert 
consensus.16–19

Diagnostic contribution of 
endomyocardial biopsy and cardiac 
magnetic resonance
This registry provides important unbiased multicentre information 
across Europe on the diagnostic contribution of EMB and CMR to 
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myocarditis diagnosis. First of all, although EMB was mainly performed 
in the sickest patients, it was safe, with a low frequency of complications 
and no procedure-related death, even in children, in keeping with a re-
cent statement on EMB endorsed by the European, Japanese, and US 
heart failure societies.18 The slightly higher complication rate in this 
registry compared with the EMB statement18 (∼5% vs. 1%) may relate 
to the inclusion of centres with a lower number of procedures. These 
figures are in keeping with the proposals of the ESC and of other 
non-ESC societies to refer particularly the sickest clinically suspected 
patients to referral centres with expertise in EMB, mechanical assist de-
vice, and IS.1,2,16–19 As shown here, the frequency of severe presenta-
tions is not negligible and may be underestimated, since EMB is 
performed in only a minority of severely ill patients; thus, it would be 
relevant to raise awareness among the cardiological communities and 
the health authorities to develop in each country pre-defined hub 
and spoke myocarditis networks. Our finding that only 70.7% of pa-
tients had CMR may reflect underutilization and/or lack of availability/ 

expertise. In this registry, CMR was also less frequently performed in 
biopsy-proven cases; since such patients have the most severe presen-
tations, this may relate to safety considerations, i.e. haemodynamic in-
stability and/or life-threatening arrhythmias, in keeping with current 
recommendations.1,2,18 Last but not least, the results of this registry 
show that, in children and adults who had both CMR and EMB, CMR, using 
the original Lake Louise criteria, was less sensitive in heart failure and in ar-
rhythmia presentations,1,20 particularly in children, leading to an underdiag-
nosis of biopsy-proven disease. Although adult and paediatric cohorts 
were rather unbalanced to allow reliable assessment of CMR sensitivity 
(493 vs. 88 patients), this is a registry and gives an unbiased picture of 
the enrolled patients. The registry data, obtained across a wide range of 
European centres and blindly from the opinion of the investigators, confirm 
a previous single-centre study in adults20 and support the ESC,1,17,18

American Heart Association,19 and World Health Organization21 as well 
as the Cardiovascular Pathology scientific statements22 that EMB is still 
the diagnostic gold standard of myocarditis.

Figure 2 The top panel shows histology types in paediatric (left) and in adult myocarditis (right). The bottom panel shows the distribution of detected 
viruses on endomyocardial biopsy (EMB) in paediatric (left) and in adult myocarditis (right)
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Table 5 Univariable predictors at diagnosis of risk at 1 year (death or heart transplantation or hospitalization or 
ventricular assist device implantation or implantable cardioverter defibrillator implantation)

Variable Modality Realization of 
one of the events

No events 
realized

Hazard ratio (95% 
CI)

Sample 
size

P-value P-value 
global

Age at diagnosis (years) Cont. Mean = 26.97 Mean =  
40.27

0.982 (0.967; 0.996) 87/405 .015 .015

Anti-arrhythmic drugs No 78/343 (22.7%) 265/343 
(77.3%)

Ref. 405/405 .002

Yes 27/62 (43.5%) 35/62 
(56.5%)

2.047 (1.307; 3.204) .002

Diuretics No 47/242 (19.4%) 195/242 
(80.6%)

Ref. 371/405 <.001

Yes 52/129 (40.3%) 77/129 
(59.7%)

2.126 (1.385; 3.264) <.001

Human herpesvirus 6 Negative 34/115 (29.6%) 81/115 
(70.4%)

Ref. 123/405 .026

Positive 5/8 (62.5%) 3/8 (37.5%) 2.948 (1.138; 7.634) .026

Ankle oedema No 73/313 (23.3%) 240/313 
(76.7%)

Ref. 375/405 .002

Yes 30/62 (48.4%) 32/62 
(51.6%)

2.042 (1.286; 3.243) .002

History of stroke No 96/390 (24.6%) 294/390 
(75.4%)

Ref. 403/405 .022

Stroke 6/9 (66.7%) 3/9 (33.3%) 3.126 (1.364; 7.166) .007

TIA 2/4 (50.0%) 2/4 (50.0%) 1.640 (0.397; 6.766) .494

Hypertension No 75/327 (22.9%) 252/327 
(77.1%)

Ref. 405/405 .033

Yes 30/78 (38.5%) 48/78 
(61.5%)

1.617 (1.040; 2.512) .033

Type of patient Inpatient 80/287 (27.9%) 207/287 
(72.1%)

Ref. 405/405 .038

Outpatient 25/118 (21.2%) 93/118 
(78.8%)

0.614 (0.388; 0.973) .038

Renal impairment No 88/369 (23.8%) 281/369 
(76.2%)

Ref. 405/405 .017

Yes 17/36 (47.2%) 19/36 
(52.8%)

1.911 (1.124; 3.248) .017

Presence of symptoms No 2/30 (6.7%) 28/30 
(93.3%)

Ref. 405/405 .023

Yes 103/375 (27.5%) 272/375 
(72.5%)

5.063 (1.247; 20.562) .023

E-wave deceleration time Cont. Mean = 150.16 Mean =  
192.73

0.990 (0.985; 0.996) 163/405 <.001 <.001

LGE of classical myocarditis 
pattern

No 16/67 (23.9%) 51/67 
(76.1%)

Ref. 281/405 .797 (NS)

Yes 49/214 (22.9%) 165/214 
(77.1%)

1.122 (0.467; 2.691) .797 (NS)

LV ejection fraction Cont. Mean = 44.26 Mean =  
50.58

0.982 (0.969; 0.995) 378/405 .007 .007

Continued 
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Performance of the 2013 European Society 
of Cardiology criteria and definitions
In this registry, the pseudoinfarct was as common as any heart failure 
presentation; arrhythmia was also well represented. Conversely, the 
ancillary 2013 ESC features1 identified only a minority of patients, the 
most common being fever at presentation or within the previous 
month, which was present in 40% of all cases, in keeping with the ex-
perts’ proposal of these features being ‘ancillary’ for the diagnosis.1

These data also reinforce the concept that there is not a pathognomonic 
clinical presentation of myocarditis1–7 and support the 2013 ESC pro-
posal that a combination of clinical and diagnostic features is needed to 
fulfil the definition of ‘clinically suspected myocarditis’, the diagnosis of 
certainty being provided by EMB.1 This registry is the first attempt to ap-
ply the 2013 ESC criteria to children. It is of interest that they were also 
applicable in this cohort.

Biopsy-proven myocarditis: 
histopathology, aetiological diagnosis, and 
aetiology-directed therapies
The registry results confirm previous single-centre studies reporting 
that lymphocytic myocarditis is the commonest histopathological 
form1–7 and the contemporary shift in the cardiotropic virus genomes 
detected in EMB tissue, PVB19, and HHV6 being most frequently in-
volved.1,2,23,24 For the first time, this registry documents that these 
viruses were more common in children than in adults. In adults, it is con-
troversial whether PVB19 and HHV6 have a direct pathogenic role or 
represent innocent bystanders.1, 2 Some investigators have proposed 
that high PVB19 load and active virus replication differentiate pathogen-
ic infection.1,2,25,26 The pathogenicity of these viruses might be more 
frequent in children, in whom PVB19 causes the fifth disease.25

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 5 Continued  

Variable Modality Realization of 
one of the events

No events 
realized

Hazard ratio (95% 
CI)

Sample 
size

P-value P-value 
global

RV global systolic dysfunction No 83/352 (23.6%) 269/352 
(76.4%)

Ref. 394/405 .025

Yes 19/42 (45.2%) 23/42 
(54.8%)

1.806 (1.076; 3.034) .025

Anti-arrhythmic drugs: 
amiodarone

No 78/343 (22.7%) 265/343 
(77.3%)

Ref. 385/405 .006

Yes 19/42 (45.2%) 23/42 
(54.8%)

2.064 (1.237; 3.445) .006

Calcium antagonists No 94/383 (24.5%) 289/383 
(75.5%)

Ref. 405/405 .013

Yes 11/22 (50.0%) 11/22 
(50.0%)

2.236 (1.182; 4.228) .013

Mineralocorticoid receptor 
antagonists

No 59/278 (21.2%) 219/278 
(78.8%)

Ref. 405/405 .014

Yes 46/127 (36.2%) 81/127 
(63.8%)

1.662 (1.109; 2.491) .014

Endomyocardial biopsy No 2/4 (50.0%) 2/4 (50.0%) Ref. 172/405 .050

Yes 55/168 (32.7%) 113/168 
(67.3%)

0.240 (0.058; 1.001) 0.050

Other immunosuppressants or 
immunomodulatory drugs

No 59/287 (20.6%) 228/287 
(79.4%)

Ref. 404/405 .003

Yes 45/117 (38.5%) 72/117 
(61.5%)

1.870 (1.243; 2.814) .003

Subacute/chronic (>3 months) 
heart failure signs and 
symptoms

No 79/344 (23.0%) 265/344 
(77.0%)

Ref. 405/405 .020

Yes 26/61 (42.6%) 35/61 
(57.4%)

1.741 (1.090; 2.780) .020

Ventricular assist device No 95/393 (24.2%) 298/393 
(75.8%)

Ref. 405/405 <.001

Yes 10/12 (83.3%) 2/12 (16.7%) 4.569 (2.337; 8.931) <.001

LV, left ventricle; RV, right ventricle.
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Interestingly, the registry also shows a predominance of virus- 
negative myocarditis and a high frequency of detection of serum 
anti-heart autoantibodies, in keeping with a previous single-centre 
study suggesting that currently the most frequent biopsy-proven 
form is immune-mediated/auto-immune.6 Clearly, since only one-third 
of the patients consecutively recruited in this registry underwent 
EMB, the true distribution of aetiologies in myocarditis is undefined. 
Infectious agents might have been more frequent in the remaining 
two-thirds of clinically suspected patients; in addition, some of 
the virus-negative biopsy-proven patients might have had an early 
virus infection that was cleared prior to EMB, triggering post- 
infectious immune-mediated myocarditis in genetically susceptible 
subjects.1,2

The registry shows that antiviral therapy was given to a patient mi-
nority, mainly children, regardless of biopsy-proven diagnosis. 
Steroids or immunosuppressants were prescribed in both children 
and adults, in children regardless of biopsy-proven diagnosis and in 
adults mainly in biopsy-proven patients, as recommended.1,2,17,18 The 
lack of adherence within the paediatric setting may relate to the fact 
that the 2013 ESC statement was mainly diffused among adult cardiol-
ogists. Overall immunosuppressive agents for virus-negative myocardi-
tis were underutilized; the registry was not specifically designed to 
identify potential reasons for this finding, and new surveys are war-
ranted to clarify this important issue.

Geographical differences across Europe
One of the goals of the myocarditis registry was to report on standards 
of diagnosis and management across Europe, to show adherence to 
guidelines and to provide information on provision of care. There 
were geographical differences; some of them may reflect heterogeneity 
in clinical set-ups and hospital facilities and access to various diagnostic 

tests among ESC countries. However, some differences may capture 
genuine associations. In particular, the frequency of giant cell myocardi-
tis (GCM) and cardiac sarcoidosis was higher in biopsy-proven patients 
in the North. The highest frequency of sarcoidosis and of GCM was re-
ported in Northern Europe.2,27,28 Since the differential histopathologic-
al diagnosis among the two entities is subtle, it is possible that some 
cases reported as GCM were indeed cardiac sarcoidosis. Anyhow, given 
the dismal prognosis of both myocarditis forms and the response to im-
munosuppressive therapy,2,27,28 this finding should alert cardiologists 
from North European countries to perform EMB more frequently, par-
ticularly in clinically suspected patients with severe heart failure or 
arrhythmia.

One-year outcome and univariable and 
multivariable predictors at diagnosis of 
unfavourable outcome
In this study, univariable predictors at diagnosis of unfavourable out-
come were younger age, subacute/chronic heart failure signs and symp-
toms, renal dysfunction, biventricular dysfunction, the need of medical 
therapy, and biopsy-proven status, in keeping with previous retrospect-
ive cohort regional registries3–5 and prospective studies from single ter-
tiary referral centres.6,7

In the present registry, independent predictors of death or heart 
transplantation or hospitalization or VAD or ICD implantation were 
lower LVEF and the need for immunosuppressant drugs at diagnosis 
(Structured Graphical Abstract). The independent role of the former 
has been previously identified.3–7 A novel finding from this registry is 
the independent higher risk associated with the need of immunosup-
pressants at diagnosis. The cross-sectional registry study design does 
not allow to infer conclusions on safety and efficacy of immunosuppres-
sant and other aetiology-directed therapies as it captures a 

Figure 3 The left panel shows the risk of death or heart transplantation at 1 year with all myocarditis patients by group (univariable Cox model). The 
right panel shows the risk of death or heart transplantation or hospitalization or VAD implantation or ICD implantation at 1 year with all myocarditis 
patients by group (univariable Cox model)
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heterogeneous range of treatment modalities and indications. The 2013 
ESC consensus paper1 and the 2021 ESC heart failure guidelines17 rec-
ommend IS only in biopsy-proven virus-negative myocarditis refractory 
to standard heart failure therapy, but this registry is a real-world picture 
of myocarditis management and of compliance with the ESC recom-
mendations in European countries. Although, in keeping with these re-
commendations, most patients treated with immunosuppressive agents 
were adults with biopsy-proven virus-negative myocarditis; in some 
cases, mainly steroids were given in the absence of biopsy-proven 
myocarditis, particularly in children.1,2,17,18 The need for IS was a 
qualitative index included in the registry, but treatment was left to 
the local investigators’ decisions; therefore, the registry design does 
not allow to define the specific indications to IS. Thus, the independ-
ent higher risk associated with the need for immunosuppressant drugs 
at diagnosis reported here may reflect the independent worse prog-
nosis of the immune-mediated biopsy-proven myocarditis forms,6,28 a 
priori bias by the providers towards sicker patients, and/or harm due 
to the inappropriate use of these drugs in patients without a biopsy- 
proven aetiological diagnosis. Prospective studies are warranted to 
clarify this important issue.

Limitations
The registry shows that EMB is safe even in children. However, most 
centres performing EMB in the registry were tertiary centres with ex-
pertise in interventional techniques; therefore, these results should not 
be translated to all centres, especially those with a low number of 
procedures.

Although this registry collected detailed information, a limitation is 
that information on virus load and replication state of PVB19 in biopsy- 
proven myocarditis was not requested; thus, it is not possible to draw 
conclusions in relation to pathogenicity issue. To this end, additional 
prospective data are warranted. The registry closed before the 
COVID-19 outbreak, therefore, no information on a possible associ-
ation of COVID-19 and myocarditis can be inferred. Another limitation 
is that there is no handling of missing data. This registry is an observa-
tional study, and each variable is analysed according to the data col-
lected. The univariable comparisons were carried out in an 
exploratory manner, in the setting of an observational descriptive study, 
and certain patient groups have a low number of data.

Conclusions
In patients with clinically suspected myocarditis, EMB was safe in chil-
dren and adults and is still the diagnostic gold standard; CMR using 
Lake Louise criteria was less sensitive, particularly in children. Lower 

LVEF and the need for immunosuppressant drugs at diagnosis were in-
dependent predictors of unfavourable outcome at 1 year.
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