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Abstract
Background Acute myocarditis is an in�ammatory disease of the myocardium, and it can present as severe heart failure in children. Differential diagnosis with
genetic cardiomyopathy can be di�cult. The objective of this study is to identify patterns of clinical presentation and to assess invasive and non-invasive
measures to differentiate patients with acute myocarditis from patients with dilated genetic cardiomyopathy. Material and Methods  We performed a
retrospective descriptive study of all paediatric patients (0-16 years old) that presented with new-onset heart failure with left ventricle ejection fraction <35% in
whom we performed an endomyocardial biopsy (EMB) during the period from April 2007 to December 2020. Results The patients were classi�ed into two
groups: Group 1 included 17 patients with myocarditis. Group 2 included 9 patients with genetic cardiomyopathy. Findings favouring a diagnosis of
myocarditis included a fulminant or acute presentation (77.8% vs 33.3%, p=0.01), higher degree of cardiac enzyme elevation (p=0.011), lower left ventricular
dimension z-score (2.2 vs. 5.4, p = 0.03) increase of ventricular wall thickness (88.8% vs 33.3%, p=0.03), and oedema in the endomyocardial biopsy. Seven
(77.8%) patients with genetic cardiomyopathy had in�ammation in the endomyocardial biopsy, ful�lling the diagnostic criteria of in�ammatory
cardiomyopathy. Conclusions Differentiate patients with a myocarditis from those with genetic cardiomyopathy can be challenging, even performing an EMB.
Some patients with genetic cardiomyopathy ful�l the diagnostic criteria of in�ammatory cardiomyopathy. Using invasive and non-invasive measures may be
useful to develop a predictive model to differentiate myocarditis from genetic cardiomyopathy.

Introduction
Acute myocarditis is an in�ammatory disease of the myocardium that can present with cardiogenic shock requiring mechanical circulatory assistance1,2. In
our environment, the most frequent cause is a viral infection, especially parvovirus B19 (PVB19) 1, 3. The gold standard diagnostic test is the endomyocardial
biopsy (EMB), although since it is an invasive and risky procedure4,5, its use is limited in paediatric patients. The Dallas histological diagnostic criteria6 have
shown to have low sensitivity and high inter-observer variability7. Therefore, new immunohistochemical criteria (≥ 14 white blood cells / mm2 and ≥ 7 CD3 T
lymphocytes / mm2) have been proposed 3,8.

Although most patients with myocarditis have a complete recovery, there are still 20–30% of them that can develop dilated cardiomyopathy 3,8,9,10. It has been
reported that 50–60% of adults8,9,10,11and 46% of children8,9with dilated cardiomyopathy have evidence of in�ammation or viral genome in the heart,
suggesting previous viral myocarditis. These patients could bene�t from immunosuppressive or antiviral treatment 8,12−14. Nevertheless, it is known that some
patients with genetic cardiomyopathy can present in�ammatory in�ltrates10,15 and the presence of a viral genome in the myocardium has been found in
patients without cardiomyopathy16. Still, these �ndings do not always imply an active infection. Differentiation between in�ammatory dilated cardiomyopathy
secondary to a previous myocarditis versus genetic dilated cardiomyopathy might be very challenging, but it has important implications both for prognosis
and to establish the appropriate treatment17.

The objective of this study is to describe the clinical presentation, laboratory results, echocardiographic details, ECG �ndings and EMB characteristics in a
group of children who presented with a severe cardiac dysfunction with a LVEF < 35% and to describe potential factors to help differentiate patients with acute
myocarditis from patients with dilated genetic cardiomyopathy.

Material And Methods
We performed a retrospective descriptive study including all paediatric patients (0–16 years) that presented with new-onset heart failure, with a left ventricular
ejection fraction (LVEF) < 35%, who underwent an EMB during the period from April 2007 to December 2020. The investigation conforms with the principles
outlined in the Declaration of Helsinki" (Br Med J 1964; ii: 177) and obtained approval by our local ethics committee. The patients were divided retrospectively
into two groups: group 1 included all patients with ≥ 14 white blood cells / mm2 and ≥ 7 CD3 T lymphocytes / mm2 in the EMB, indicating the presence of
myocardial in�ammation in whom a) a de�nitive diagnosis of myocarditis was performed after a typical clinical course or b) those in whom the genetic study
did not �nd any pathogenic mutation associated with cardiomyopathy ; group 2 included all patients in whom a de�nitive pathogenic genetic mutation
associated with dilated cardiomyopathy was found.

Data on personal medical history, clinical outcomes and medical treatment were recorded. Clinical presentation was de�ned as acute (symptoms of heart
failure were present ≤ 15 days before admission) or subacute (> 15 days). A positive family history was considered when there was history of sudden death or
cardiomyopathy in a �rst-degree realtive. We collected histological and immunohistochemical �ndings in the EMB samples, viral polymerase chain reaction
(PCR) in the heart and blood, troponin levels, brain natriuretic peptide, and respiratory secretions, 12-lead electrocardiogram(ECG) and transthoracic
echocardiogram data. Also, in all haemodynamically stable patients, a cardiac magnetic resonance (CMR) was performed.

Endomyocardial Biopsy

According to our protocol, EMB was performed to all patients ≥ six months and ≥ 8kg of weight with a new-onset ventricular dysfunction of unknown origin,
who presented with: a) LVEF < 35% and need for extracorporeal oxygenation membrane(ECMO); b) LVEF < 35% with a haemodynamic compromise without
ECMO but with no echocardiographic improvement after more than one week of medical treatment; c) patients with LVEF < 35% that remained
hemodynamically stable but without any signi�cant improvement after > 2 weeks of medical treatment.

The EMB was performed through jugular access with a 6Fr bioptome, and 6 samples were obtained from the right interventricular septum. Four were sent to
pathology examination and 2for microbiology. Haematoxylin-eosin and Mason's trichrome stains and immunohistochemical stains for CD45, CD20, CD3, and
CD68, were performed. We used immunohistology criteria of ≥ 14 mononuclear cells with ≥ 7 CD3 lymphocytes per mm2 for diagnosis of myocarditis.
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In those patients < 6 months or < 8kg the decision to perform an EMB was made individually.

Cardiac Magnetic Resonance

CMR studies were performed using a 1.5T Magnetom Avanto, Siemens Medical System, Erlangen, Germany, with cardiac synchronisation. The sequences
used were white blood sequences (SSFP) to assess ventricular function, T2-weighted sequences (T2W-STIR), T1 sequences (TSE) before and after the
administration of intravenous contrast and delayed uptake of the contrast (PSIR-SSFP). We used gadolinium as contrast with a dose of 0.1–0.2 mmol/kg. For
the diagnosis of acute myocarditis, the Lake-Louise criteria were used18.

Genetic testing

Genomic DNA was isolated from peripheral blood following standard procedures. Genetic testing was performed on a MiSeq sequencer using the TruSight
Cardio Panel, which includes exonic and �anking intronic regions of 174 genes related to cardiovascular disorders. Variant classi�cation was performed
according to the guidelines established by the American College of Medical Genetics and Genomics19. In those patients who presented with a typical
fulminant course of myocarditis20 and had a complete recovery, genetic testing was not performed as was thought not to be clinically indicated. Thus, these
patients were included in group 1.

Statistical analysis
Statistical analyses were performed with SPSS version 18.0.0 (IBM Corporation, Armonk, NY). Data are presented as count (percentage) and mean ± SD value
or median (range) were appropriate. Categorical data were compared using the Mantel-Haenszel Chi-square test (X2). In case of not complying with its
application norms (expected frequency < 5), Fisher's F test was used with the continuity correction. Differences in continuous variables were analysed using
independent Student T-testor Mann-Whitney test when applicable. A level of statistical signi�cance with p < 0.05 was considered.

Results
Twenty-seven patients with a median age of 26 months (0-194) and 55.5% (15/27) female gender were included (Table 1). Eighteen patients were included in
group 1 (myocarditis) and 9 patients in group 2 (genetic cardiomyopathy). Among those patients with myocarditis,77.7% had a previous history of viral
infection and presented a shorter history of symptoms (Table 2). Viral PCR in blood was positive in 50% (9/18) of myocarditis episodes, but it was also
positive in 33% (3/9) of patients with genetic cardiomyopathy (p = 0.431). Patients with myocarditis had a higher elevation of troponin levels (p = 0.011) with
no differences seen between pro-BNP levels. In the echocardiogram, left ventricle trabeculations were seen in 44% of patients with genetic cardiomyopathy, but
were also present in 11.1% (2/18, p = 0.136) of patients with myocarditis. The LVEDD Z-Score was signi�cantly lower in patients with myocarditis (2.2 vs 5.4,
p = 0.03), and they had an increased ventricular wall thickness (88.8% vs 33.3%, p = 0.03). Amongst patients that underwent a CMR, 37.5% (3/8) in group 1 and
33.3% (2/6) in group 2, ful�lled 2/3Lake Louis Criteria (p = 1). The presence of in�ammatory in�ltrate was higher in patients with myocarditis (37.5 (8-180) vs
14 (0–24) CD3/ mm2) although no signi�cant differences were found (p = 0.1). Nine (50%) patients in group 1 met Dallas criteria6 compared to only 1 (11.1%)
in group 2 (p = 0.09). Immunohistochemical criteria of in�ammatory cardiomyopathy8 (≥ 14 white blood cells/mm2 and ≥ 7 CD3 T lymphocytes/mm2) were
ful�lled by 7/9 (77.7%) of patients in group 2. Oedema was not seen in any patient with genetic cardiomyopathy, whereas in the myocarditis group, oedema
was seen in 12 (66.6%) out of 18 patients (p = 0.01). Viral PCR was positive in 9 (50%) heart samples of patients with myocarditis and 2 (22.2%) of patients
with genetic cardiomyopathy (p = 0.183). PVB19, alone or in coinfection with Human Herpesvirus 6 (HHV6), was found in 10/11 samples (90.1%).
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Table 1
Description of patients included in the study including clinical description, infectious results, genetic results and clinical outcomes.

Case Diagnosis Gender Age
(months)

History
of recent
infection

Clinical
presentation

Genetic
test

CD3
Lymfocyte/mm2

Heart
PCR

Blood
PCR

Respiratory
tract PCR

Outcome

1 Miocarditis Female 1 No Fulminant ND 35 CMV CMV Negative Exitus

2 Miocarditis Male 25 Yes Acute Negative 40 PVB19 PVB19 y
HHV 6

Negative Healing

3 Miocarditis Female 7 Yes Acute Negative 15 PVB19 Negative Negative Transpla

4 Miocarditis Male 27 Yes Acute Negative 80 PVB19 PVB19 Negative Healing

5 Miocarditis Male 79 Yes Acute ND 70 Negative Difteria Difteria Exitus

6 Miocarditis Female 36 Yes Acute Negative 50 PVB19 PVB19 Negative Healing

7 Miocarditis Male 26 Yes Acute Negative 20 Negative Negative SRV Healing

8 Miocarditis Male 10 Yes Acute Negative 25 PVB19 
+ HHV 6

PVB19 Negative Healing

9 Miocarditis Male 22 No Acute Negative 15 PVB19 PVB19 
+ HHV 6

Negative Healing

10 Miocarditis Female 91 Yes Fulminant ND 15 Negative Negative In�uenza A Healing

11 Miocarditis Female 109 Yes Fulminant ND 8 Negative Negative In�uenza A Healing

12 Miocarditis Male 194 No Subacute Negative 8 Negative Negative Negative Healing

13 Miocarditis Female 0 No Fulminant Negative 65 Negative Negative Negative Exitus

14 Miocarditis Female 92 Yes Fulminant ND 10 Negative Negative In�uenza B Healing

15 Miocarditis Male 7 Yes Subacute Negative 50 Negative Negative Negative Improve

16 Miocarditis Female 10 Yes Subacute Negative 70 PVB19 PVB19 Negative Improve

17 Miocarditis Female 39 Yes Subacute Negative 180 PVB19 PVB19 Negative Improve

18 Miocarditis Female 142 Yes Fulminant ND 75 Negative Negative SARS-2 Healing

15 GeneticDCM Male 2 No Acute MYBPC3 4 Negative Negative Negative Transpla

16 Genetic
DCM

Male 99 Yes Subacute DES 24 Negative Negative Negative Transpla

17 Genetic
DCM

Male 6 No Acute TPM1 2 Negative Negative Negative Transpla

18 Genetic
DCM

Female 109 No Subacute TNNT2 10 Negative Negative Negative Transpla

19 Genetic
DCM

Male 187 Yes Subacute MYBPC3 15 PVB19 Negative Negative Transpla

20 Genetic
DCM

Female 11 Yes Acute TNNI3 11 PVB19 PVB19 Negative Transpla

21 Genetic
DCM

Female 30 No Subacute TNNI3 14 Negative CMV Adenovirus LVD

22 Genetic
DCM

Female 26 Yes Subacute MYH7 18 Negative Negative In�uenza A Transpla

23 Genetic
DCM

Female 11 No Subacute SDHAp 20 Negative CMV Negative LVD

DCM: Dilated Cardiomyopathy, ND: Not done, PCR: Polymerase chain reaction, CMV: Citomegalovirus, PVB19: Parvovirus B19, SRV: Sincitial respiratory virus,
LVD: Left ventricular disfunction
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Table 2
Clinical caractheristics of patients with Myocarditis compared with patients with Genetic Cardiomyopathy.

  Acute Myocarditis

18 cases

Genetic Miocardiopathy

9 cases

Statistical signi�cance

Age(months) 26.5 ( 0-194) 26 (2-187) p = 1

Male gender 44.4% (8) 55.6% (5) p = 0.795

History of family heart disease 0% (0) 33.3% (3) p = 0.021

History of recent infection 77.7% (14) 44.4% (4) p = 0.083

Clinical presentation Fulminant 30% (6) Fulminant 0% (0) p = 0.01

Acute 44.4% (8) Acute 33.3% (3)

Subacute 22.2% (4) Subacute 66.7% (6)

ECMO 55.5% (10) 33.3% (3) p = 0.147

Troponine elevation 60 (1.1–2950) 2.2 (0.25-16) p = 0.011

Pro-BNP 1498 ng/ml (459-53500) 4221 ng/ml (278-23804) p = 0.315

Blood PCR 50% (9) 33.3% (3) p = 0.431

Echocardiogram      

LVEF (%) 24.6% (± 6,18) 23.4%(± 6,17) p = 0.846

LVTDD Z-score +2.2DS (0–10) +5.4DS (+ 3,2–10,4) p = 0.03

LV hypertrophy 88.8% (16) 33.3% (3) p = 0.03

Trabeculation 11.1% (2) 44.4% (4) p = 0.136

RV disfunction 50% (9) 55.5% (5) p = 0.35

ECG      

Low voltages 66.6% (12) 33% (3) p = 0.127

CMR Lake-Louise 37.5% (3/8) 33.3% (2/6) p = 1

EMB      

Dallas Criteria 50% (9) 11.1% (1) p = 0.091

CD3/mm2 37.5 (8- 180) 14 (2–24) p = 0.1

Oedema 66.6% (12) 0% (0) p = 0.001

Necrosis 50% (9) 11.1% (1) p = 0.091

Fibrosis 44% (8) 55.5% (5) p = 0.94

Hypertrophy 5.5% (1) 44.4% (4) p = 0.03

Heart PCR 50% (9) 22.2% (2) p = 0.183

Outcome      

Complete Recovery 71.4% (10) 0% (0) p = 0.021

Exitus/transplant 22.2% (4) 77.8% (7)

ECMO: Extracorporeal membrane oxygenation, Pro-BNP: pro-Brain natriuretic peptid, LVEF: Left ventricle ejection fraction, LVTDD: Left ventricle
telediastolic diameter, LV: left ventricle, RV: right ventricle, CMR: Cardiac magnetic resonance imaging PCR: polymerase chain reaction.

Ten (55.5%) patients with myocarditis required ECMO, of which 8/10 (80%) could be weaned and had a complete recovery. Only 1 patient required mechanical
circulation assistance with a Berlin-Heart® as a bridge to heart transplant. On the other hand, 3 patients required ECMO and 2 Berlin-Heart® in group 2, and
none of them recovered. After a follow-up time of 45 months (2-238), 77.7% of patients with acute myocarditis had a complete recovery, while 3(16.6%) died in
the acute phase. In group 2, there were no deaths, but 7/9 (77.8%) required a heart transplant and none presented a complete recovery (Table 2).

Table 1 describes the most relevant clinical data for each patient. Patient 1 died during the EMB. It was the �rst case in our centre, and it was performed
obtaining the myocardial samples from the right interventricular septum and left ventricle free wall. Since then, all the samples were taken from the right
interventricular septum with no further complications. Patient number 5 had diphtheria myocarditis and he developed a severe cerebral haemorrhage while he
was supported with ECMO. Patient 17 was an 11-years-old girl who presented with fulminant myocarditis during a SARS-CoV-2 infection. After 5 days on
ECMO, she had a complete recovery.
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Discussion
Acute myocarditis can present with new-onset severe left ventricular dysfunction, and differential diagnosis with a genetic dilated cardiomyopathy should be
considered. In our study, most patients from group 2 (66.6%) had a subacute clinical presentation (more than 15 days of evolution) whereas most patients
from group 1 had a fulminant or acute presentation. Unlike what might be expected, the presence of a family history of genetic cardiomyopathy was
infrequent. Troponin values were above the reference values in both groups, but the elevation was higher in patients with myocarditis. All the patients selected
in our study had a LVEF of less than 35%. Left ventricle end-diastolic diameter was signi�cantly higher in group 2. The presence of trabeculations that met
non-compaction criteria was more common in group 2 (44.4%), but it was also seen in 2 patients (11.1%) from group 1 (p = 0.136). These 2 patients had a
subacute presentation, with a history of PVB19 infection several weeks before heart failure and PVB19 PCR was positive in blood and heart samples. Genetic
test was negative in both, and there was no family history of cardiomyopathy. Thus, LV trabeculations seen in these patients could be the result of a LV
remodelling process. Hypertrophy of the septum or posterior wall of the LV was more frequent in patients with myocarditis (88.8% vs 33.3%, p = 0.03), and this
�nding is likely to be associated with myocardial oedema.

In our experience, CMR sensitivity in paediatric patients with myocarditis, is low in cardiomyopathic clinical presentation. This fact has been previously
described in adult patients21. In our study, we could perform a CRM in only 14 patients due to hemodynamic instability on admission. In the myocarditis group,
7/8 patients (87.8%) met at least 1 of the Lake Louise criteria, but only 3 patients (37.5%) met 2/3, a necessary condition for making the diagnosis.
Interestingly, we also found 2 out of 6 patients in group 2 (33.3%) that underwent a CMR that also met 2/3 Lake Louise criteria for myocarditis. This �nding
has also been recently described by Martins et al22.

The current gold standard test for the diagnosis of myocarditis is the EMB but is a risky technique4,5 in paediatric patients and is not widely used. In our
experience, the rate of complications is low when performed in patients ≥ six months and ≥ 8 kg and the samples are taken from the right ventricular septum.

Suthar et al17 published a remarkably interesting study in which they assessed the utility

of non-invasive measures to distinguish myocarditis from other forms of dilated cardiomyopathy in paediatric patients. They establish the diagnosis of
myocarditis based on Dallas criteria. In our experience, these criteria6 are of limited use, as only 50% of patients with myocarditis ful�lled them. Despite this,
some of our results are similar. In addition, we describe the most common �ndings in EMB. Current immunohistology criteria8 have not been validated in the
paediatric population. We observed a high rate of false positives, given that 77.8% of the patients with genetic cardiomyopathy presented ≥ 14 mononuclear
cells/mm2 with ≥ 7 CD3 lymphocytes/mm2 in the EMB. One possible explanation for these �ndings could be that these patients had concurrent acute
myocarditis. In our opinion, a more plausible explanation is that myocardial in�ammation can be triggered by acute clinical decompensation with severe
cardiac dysfunction in individuals with genetic cardiomyopathy. This theory has also been proposed recently by Ammirati et al. 23.

Although the number of lymphocytes/mm2 was higher in group 1 (37.5 (8- 180) vs 14 (0–24) CD3/ mm2,p = 0.1), no signi�cant differences were found. Some
patients in group 1 had a minor in�ltrate, and this could be due to the patchy nature of the disease. Interestingly, a recent paper from Ukimuraet al. reported
that myocarditis secondary to in�uenza viruses could present a clinical picture of fulminant myocarditis with very mild histological changes24. In our study, 3
cases had in�uenza (patients 9, 10 and 13), and all of them had very mild histological changes. If those patients were excluded from the analysis, the number
of lymphocytes/mm2 would have been signi�cantly higher in the myocarditis group (53 (8-180) CD3/mm2 vs 14 (0–24), p = 0.009). Then the differences in
both groups would become statistically signi�cant. Myocardial oedema in the EMB was observed in 66.6% of patients in group 1 and none of group 2 (p = 
0.001), suggesting that it could be a speci�c marker of myocarditis. On the other hand, myocyte hypertrophy was more likely in patients with genetic
cardiomyopathy (5.5% vs 44.4%, p = 0.03). The latter, we believe, was an unspeci�c �nding associated with a long-standing clinical picture.

In our patients, PVB19 was the main responsible for acute myocarditis, as has been described before1,3. Despite this, myocardial PCR only had a 50%
sensitivity, with a 22.2% rate of false-positive cases. The detection of viral genome in the heart of patients without cardiomyopathy has also been previously
described16. The usefulness of the blood PCR was greater in younger patients (Table 1), especially in children under 5 years of age.

Mortality during the acute phase of illness was higher in patients from group 1 (16.6 % vs 0%, p = 0.021) and 55.5% required ECMO support on admission. If
patients survived the initial stage, the long-term survival was excellent. Thus, 92.8% of cases of myocarditis who survived the initial stage, had a complete
recovery. In the other hand, patients from group 2 had 0% acute mortality, had a non-fulminant clinical presentation. Still, recovery is rare, and only 22% were
free of transplant at the end of follow-up time.

Conclusions
Our study suggests that current diagnostic criteria for myocarditis have limited use in paediatric patients presenting with new-onset heart failure and LVEF < 
35%. Some patients with genetic cardiomyopathy ful�l diagnostic criteria of in�ammatory cardiomyopathy. Thus, familiar, and genetic study is recommended
in paediatric patients with acute and subacute new onset-heart failure. Acute myocarditis is a suspected diagnosis where no examination by itself, is sensitive
and speci�c enough. Using invasive and non-invasive measures may be useful to develop a predictive model to differentiate myocarditis from genetic
cardiomyopathy.

Study Limitations
The main limitation of our study is the small number of patients. Despite this, our cohort is one of the published series with a higher number of paediatric
patients with myocarditis that underwent EMB. Furthermore, the observed effects should be applied only to patients with a severe form of presentation with
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LVEF < 35%. We cannot rule out that some of the patients with a genetic mutation might have, at the same time, acute myocarditis. In the same way, some of
the patients with acute myocarditis could also have a genetic condition of unknown origin to date.
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Tables
Table 1. Description of patients included in the study including clinical description, infectious results, genetic results and clinical outcomes.

 

Case 
 

Diagnosis Gender Age
(months) 
 

History of recent
infection

Clinical
presentation

Genetic
test

 

CD3
Lymfocyte/mm2

Heart PCR  Blood PCR Respiratory
tract PCR
 

Outcome

1 Miocarditis Female 1 No Fulminant ND 35 CMV CMV Negative Exitus
2 Miocarditis Male 25 Yes Acute Negative 40 PVB19 PVB19 y

HHV 6
Negative Healing

3 Miocarditis Female 7 Yes Acute Negative 15 PVB19 Negative Negative Transplant
4 Miocarditis Male 27 Yes Acute Negative 80 PVB19 PVB19 Negative Healing
5 Miocarditis Male 79 Yes Acute ND 70 Negative Difteria Difteria Exitus
6 Miocarditis Female 36 Yes Acute Negative 50 PVB19 PVB19 Negative Healing
7 Miocarditis Male 26 Yes Acute Negative 20 Negative Negative SRV Healing
8 Miocarditis Male 10 Yes Acute Negative 25 PVB19+HHV

6
PVB19 Negative Healing

9 Miocarditis Male 22 No Acute Negative 15 PVB19 PVB19 +
HHV 6

Negative Healing

10 Miocarditis Female 91 Yes Fulminant ND 15 Negative Negative Influenza A Healing
11 Miocarditis Female 109 Yes Fulminant ND 8 Negative Negative Influenza A Healing
12 Miocarditis Male 194 No Subacute Negative 8 Negative Negative Negative Healing
13 Miocarditis Female 0 No Fulminant Negative 65 Negative Negative Negative Exitus
14 Miocarditis Female 92 Yes Fulminant ND 10 Negative Negative Influenza B Healing
15 Miocarditis Male 7 Yes Subacute Negative 50 Negative Negative Negative Improve
16 Miocarditis Female 10 Yes Subacute Negative 70 PVB19 PVB19 Negative Improve
17 Miocarditis Female 39 Yes Subacute Negative 180 PVB19 PVB19 Negative Improve
18 Miocarditis Female 142 Yes Fulminant ND 75 Negative Negative SARS-2 Healing
                       

15 GeneticDCM Male 2 No Acute MYBPC3 4 Negative Negative Negative Transplant
16 Genetic

DCM
Male 99 Yes Subacute DES  24 Negative Negative Negative Transplant

17 Genetic
DCM

Male 6 No Acute TPM1 2 Negative Negative Negative Transplant

18 Genetic
DCM

Female 109 No Subacute TNNT2 10 Negative Negative Negative Transplant

19 Genetic
DCM

Male 187 Yes Subacute MYBPC3 15 PVB19 Negative Negative Transplant

20 Genetic
DCM

Female 11 Yes Acute TNNI3 11 PVB19 PVB19 Negative Transplant

21 Genetic
DCM

Female 30 No Subacute TNNI3 14 Negative CMV Adenovirus LVD

22 Genetic
DCM

Female 26 Yes Subacute MYH7 18 Negative Negative Influenza A Transplant

23 Genetic
DCM

Female 11 No Subacute SDHAp 20 Negative CMV Negative LVD

         DCM: Dilated Cardiomyopathy, ND: Not done, PCR: Polymerase chain reaction, CMV: Citomegalovirus, PVB19: Parvovirus B19, SRV: Sincitial respiratory virus, LVD: Left
ventricular disfunction

https://pubmed.ncbi.nlm.nih.gov/24560214/
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  Acute Myocarditis 
18 cases

Genetic Miocardiopathy  
 9 cases

Statistical significance 

Age(months) 26.5 ( 0-194) 26 (2-187) p=1
Male gender 44.4% (8) 55.6% (5) p= 0.795
History of family heart disease 0% (0) 33.3% (3) p=0.021
History of recent infection 77.7% (14) 44.4% (4) p=0.083
Clinical presentation Fulminant 30% (6) Fulminant 0% (0)  

p= 0.01Acute 44.4% (8) Acute 33.3% (3)
Subacute 22.2% (4) Subacute 66.7% (6)

ECMO 55.5% (10) 33.3% (3) p=0.147
Troponine elevation 60 (1.1-2950)          2.2     (0.25-16) p=0.011
Pro-BNP 1498 ng/ml (459-53500) 4221 ng/ml (278-23804) p= 0.315
Blood PCR 50% (9) 33.3% (3) p=0.431
Echocardiogram      
LVEF (%) 24.6% (±6,18)              23.4%(±6,17) p=0.846
LVTDD Z-score              +2.2DS (0-10)         +5.4DS (+3,2-10,4) p=0.03
LV hypertrophy  88.8% (16) 33.3% (3) p=0.03
Trabeculation 11.1% (2) 44.4% (4) p=0.136
RV disfunction 50% (9) 55.5% (5) p=0.35
ECG       
Low voltages                     66.6% (12)                33% (3) p=0.127
CMR Lake-Louise                       37.5% (3/8)          33.3% (2/6) p=1
EMB      
Dallas Criteria 50% (9)                  11.1% (1)  p=0.091
CD3/mm2                  37.5 (8- 180)                  14 (2-24) p=0.1
Oedema 66.6% (12) 0% (0) p=0.001
Necrosis 50% (9) 11.1% (1) p=0.091
Fibrosis 44% (8) 55.5% (5) p=0.94
Hypertrophy 5.5% (1) 44.4% (4) p=0.03
Heart PCR  50% (9) 22.2% (2) p=0.183
Outcome      
Complete Recovery 71.4% (10) 0% (0) p=0.021
Exitus/transplant 22.2% (4) 77.8% (7)

 
Table 2. Clinical caractheristics of patients with Myocarditis compared with patients with Genetic Cardiomyopathy. 
 
ECMO: Extracorporeal membrane oxygenation, Pro-BNP: pro-Brain natriuretic peptid, LVEF: Left ventricle ejection fraction, LVTDD: Left
ventricle telediastolic diameter,  LV: left ventricle, RV: right ventricle, CMR: Cardiac magnetic resonance imaging  PCR: polymerase chain
reaction.
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