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Objective: To investigate the clinical features and the diagnostic and follow-up value of

acute fulminant myocarditis (AFM) in children.

Methods: A total of 20 children diagnosed with AFM admitted to our department were

reviewed, and the clinical manifestations; pathogenic examination results; myocardial

injury biomarkers; and electrocardiography, echocardiogram, and cardiovascular

magnetic resonance (CMR) results were analyzed.

Results: Twenty children with AFM, including 12 males and 8 females, aged 3–16 years,

were analyzed. The initial symptoms were abdominal pain, vomiting, fatigue, syncope,

and convulsions. All children had significantly increased hs-cTnT and NT-pro BNP. In

addition to nonspecific ST-T changes, there were 10 cases of complete atrioventricular

block, 2 cases of advanced atrioventricular block, and 1 case of ventricular tachycardia.

Echocardiography showed an increase in the cardiac chamber sizes in 15 patients

and a decrease in left ventricular ejection fraction (LVEF) in 17 patients. There were 16

patients with abnormal CMR findings, including 13 cases of high T2-weighted image

(T2WI) signal and 14 cases of late gadolinium enhancement (LGE). In the patients who

underwent CMR within 14 days of onset, the sensitivity of T2WI and LGE and the positive

diagnosis rate were higher than in those who underwent CMR after 14 days, but the

difference was not statistically significant. CMR was followed up in 10 patients: 7 patients

returned to normal, 2 patients still had mild LGE, and 1 patient developed inflammatory

dilated cardiomyopathy. All patients were treated with high-dose immunoglobulin, 11 of

whom received high-dose immunoglobulin combined with glucocorticoids. Eight patients

received temporary pacemakers, and 1 patient received ECMO. None of the patients

died. The peak of hs-cTnT was significantly higher in the glucocorticoid group than in the

unused glucocorticoid group (2853.4± 2217.2 and 1124.7± 527.3 pg/ml, respectively).

Conclusion: Children with AFM have unique clinical features. Early identification

and effective treatment can reduce the mortality rate and improve the prognosis.
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CMR is highly sensitive in the diagnosis of ARM, especially within 14 days of onset, and

is a useful noninvasive imaging technique for the early identification of AFM in children.

The dynamic observation and follow-up of children with AFM through CMR can guide

clinical decision-making and prognosis assessment.

Keywords: children, acute fulminant myocarditis, cardiovascular magnetic resonance, pacemaker, ECMO

INTRODUCTION

Acute fulminant myocarditis (AFM) in children has a rapid
onset and progresses rapidly. Most of the onsets are concealed.
Extracardiac manifestations are predominant. It is difficult to
make an early diagnosis. Various arrhythmias, Adams-Stokes
syndrome, heart failure, cardiogenic shock, and even sudden
cardiac death can occur within 24–48 h of onset. AFM is a
clinically critical pediatric illness with a high mortality rate.
A recent national survey in Japan found that the survival
rate of children with AFM was only 48.6% (1). The key to
affecting the mortality rate is related to early identification and
effective treatment. Cardiovascular magnetic resonance (CMR)
has received increasing attention in the diagnosis of children
with AFM. It has been reported in the literature that the positive
predictive value of CMR for acute myocarditis is over 90%.
However, for patients with AFM, due to the serious condition and
the inconvenience of the examination, the clinical application
of CMR is greatly limited. Our early studies have shown that
CMR ismore sensitive thanAFM in the diagnosis of conventional
myocarditis. This study retrospectively analyzed the clinical data
and CMR findings of 20 children with AFM and explored
the clinical features of AFM in children and the value of
CMR in diagnosis, treatment, and prognosis to provide valuable
and important information for the diagnosis and treatment of
this disease.

MATERIALS AND METHODS

Research Subjects
Twenty patients with AFM admitted to our hospital from
November 2011 to March 2019 were enrolled, including 12 males
and 8 females aged 3–16 years (8.4± 3.1 years).

Ethics Statements
This study was carried out in accordance with the
recommendations of the Ethics Committee of Shandong
Provincial Hospital Affiliated to Shandong University. All
subjects gave written informed consent in accordance with the
Declaration of Helsinki. The protocol was approved by the Ethics
Committee of Shandong Provincial Hospital Affiliated with
Shandong University.

The clinical data of the children were reviewed,
including clinical manifestations; pathogenic examination
results; myocardial injury biomarkers; electrocardiogram,
echocardiography, and cardiac MRI results; treatment methods;
and outcomes.

Inclusion criteria: ➀ a diagnosis of acute myocarditis in line
with the criteria for the clinical diagnosis of myocarditis in the

Diagnostic Recommendations for Children with Myocarditis (2018
edition) published by the Subspecialty Group of Cardiology of
the Society of Pediatrics of Chinese Medical Association (2); and
➁ a diagnosis of AFM, which refers to clinical manifestations of
severe heart failure within 2 weeks of onset (cardiac function level
IV) and acute myocarditis requiring positive inotropic drugs,
vasopressors, and/or mechanical circulation support to maintain
heart function or blood pressure (3).

Exclusion criteria: nonischemic cardiomyopathy, congenital
heart disease, myocardial infarctions and other diseases that can
explain the clinical manifestations.

CMR
The machine used for the inspection was the 3.0T Skyra from
Siemens. The heart rate is required to be 120 beats/min or less
during the examination. The scan sequence includes gradient
echo sequence, spin echo sequence, and inversion recovery fast
spin echo sequence, first perfusion scan and late gadolinium
enhancement (LGE). The contrast agent used in LGE was
gadolinium-diethylenetriaminepentacetate (Gd-DTPA).

CMR Criteria for the Diagnosis of
Myocarditis (4)
The diagnosis is established when the CMR performance meets
two or more of the following three criteria: ➀ Regional or global
myocardial signal intensity increases in T2-weighted images
(T2WI); ➁ Increased global myocardial early enhancement ratio
between the myocardium and skeletal muscle in gadolinium-
enhanced T1-weighted images (T1WI); There is at least 1
focal lesion with nonischemic regional distribution in inversion
recovery-prepared late gadolinium-enhanced T1WI (LGE).

Statistical Analysis
SPSS 25.0 statistical software was used, and the measured data
are expressed as the range (mean ± standard deviation). The t-
test was used to compare the two samples. Correlation analysis
was performed with the Pearson correlation coefficient test. The
count data are expressed by frequency (rate) and were analyzed
by Fisher’s exact probability method using the χ

2 test. P < 0.05
was considered statistically significant.

RESULTS

The main clinical data of 20 children with AFM are shown in
Table 1.

Initial Symptoms
The initial symptoms were abdominal pain and vomiting in 12
patients (60%), chest tightness and fatigue in 4 patients (20%),
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TABLE 1 | Main clinical data of 20 children with AFM.

Patient # Age (yr) Gender Symptoms Pathogens hs-cTnT

(pg/ml)

ECG ECHO CMR Treatment LOS

CCE LVEF (%) FIT T2WI LGE UOG MCS

1 9 F Abdominal pain, vomiting ASO 2,102 – Yes 25 7 – + Yes – 34

2 6 M Vomiting MP 1,632 CAVB Yes 40 11 + + Yes – 28

3 13 M Syncope – 1,967 CAVB Yes 38 12 + + Yes Pacemaker 33

4 7 M Abdominal pain – 2,783 CAVB Yes 60 17 – – Yes Pacemaker 16

5 8 F Abdominal pain, vomiting MP 6,457 – Yes 33 13 + + Yes – 29

6 10 F Abdominal pain ASO 269.2 – Yes 30 24 – – Yes – 32

7 12 F Abdominal pain – 1,791 CAVB Yes 42 13 – – Yes – 25

8 3 M Abdominal pain, vomiting – 1,864 AAVB Yes 48 12 + + Yes – 24

9 8 M Convulsion MP 956 CAVB No 41 17 + + No Pacemaker 22

10 16 F Chest tightness EBV 3,367 – No 43 11 + + Yes – 28

11 10 M Fatigue HHV6 1,550 CAVB No 61 69 – – Yes Pacemaker 34

12 9 M Vomiting MP 822.3 – Yes 38 6 + – No – 13

13 7 M Palpitation EBV, HHV6 212 – Yes 37 20 + + No – 26

14 5 M Vomiting MP 1,011 AAVB Yes 50 12 - + No – 19

15 10 F Fatigue – 1,164 – Yes 35 10 + + No – 22

16 9 F Syncope MP 1,477 CAVB No 62 10 + + No Pacemaker 23

17 7 F Vomiting ASO 1,105 CAVB Yes 39 16 + + No Pacemaker 19

18 3 M Fatigue – 1,188 CAVB Yes 37 11 + + No Pacemaker 31

19 7 M Abdominal pain, vomiting – 7,605 VT Yes 20 23 + + Yes ECMO 26

20 9 M Vomiting – 2,187 CAVB No 45 38 – + No Pacemaker 42

hs-cTnT, hypersensitive cardiac troponin T; CCE, cardiac chamber enlargement; LVEF, left ventricular ejection fraction; FIT, first inspection time; UOG, use of glucocorticoid; MCS,

mechanical circulation support; LOS, length of stay; ASO, anti-streptolysin O; MP, mycoplasma pneumonia; EBV, Epstein-Barr virus; HHV6, human herpesvirus 6; CAVB, complete

atrioventricular block; AAVB, advanced atrioventricular block; VT, ventricular tachycardia.

syncope and convulsion in 3 patients (15%), and palpitation
in 1 patient (5%). The time from onset to admission was 0–
7 days (3 ± 1.6 days). The most serious patients were often
hospitalized within a few hours because of the deterioration of
their condition, which manifested as heart failure, cardiogenic
shock, Adams-Stokes syndrome, or severe arrhythmia.

Pathogen Examination
All patients underwent pathogen examinations after admission,
including EBV, cytomegalovirus, coxsackie virus, parvovirus B19,
adenovirus, HHV6, and hepatitis virus detection; influenza A
and B virus nucleic acid detection; MP-IgM antibody and ASO
detection; and sputum and blood bacterial culture analysis. There
were a total of 12 abnormalities, including 6 patients positive
for MP-IgM, 3 patients positive for ASO, 1 patient with EBV
infection, 1 patient with HHV6 infection, and patient with mixed
EBV and HHV6 infection.

hs-cTnT and NT-Pro BNP Results
hs-cTnT and NT-pro BNP were significantly increased in 20
children with AFM. Both peaked at 3–7 days (3.9 ± 1.0 days)
after onset, then gradually decreased, and after 14–30 days (21.6
± 5.5 days) returned to normal (Figure 1). Pearson correlation
analysis confirmed that there was a significant correlation
between hs-cTnT and NT-pro BNP (correlation coefficient
0.788–0.921, P < 0.05).

Electrocardiogram
Twenty patients underwent routine 12-lead ECG after admission.
In addition to nonspecific ST-T abnormalities, there were 10
(50%) patients with CAVB, 2 (10%) with AAVB, and 1 (5%) with
VT. The conduction block occurred within 0–4 days (1.2 ± 1.3
days) after onset, and conduction was mostly restored after 1–9
days (3.6 ± 2.5 days). However, there was still one patient with
first-degree atrioventricular block combined with complete right
bundle branch block during follow-up.

Echocardiography
Twenty patients were admitted to the hospital for
echocardiography, and 18 patients (90%) had positive results
for AFM. The diameter of the heart chamber was increased
in 15 patients (75%), with 9 cases involving the left heart, 1
case involving the right heart, and 5 cases involving the whole
heart. Except for 2 patients that did not return to normal, the
remaining 13 patients returned to normal after 10–26 days
(16.9 ± 4.9 days). Seventeen patients (85%) had a decreased
LVEF (<60%) with an EF value of 20–50% (37.7 ± 7.7%):14
patients returned to normal within 30 days (16.4 ± 4.4 days), 2
patients returned to normal within 3 months, and 1 patient did
not recover for half a year. Electrocardiography results from 10
patients (50%) showed a thickening of the ventricular wall that
mainly involved the left ventricle. All patients had a reduction
in wall motion, mainly in the interventricular septum and left
ventricular inferior wall. There were 13 patients (65%) with
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FIGURE 1 | The trend of hs-cTnT (A) and NT-pro BNP (B) with the course of disease.

pericardial effusion, mostly light, and only 1 case was moderate.
Mitral regurgitation occurred in 17 patients (85%), mostly small
or moderate. Myocardial thinning occurred in 4 patients, 3 of
whom had thinning in the apex of the anterior wall and 1 in the
ventricular septum.

CMR
Time and Safety of CMR Imaging
The 20 children with AFM were divided into group A (acute
stage, onset within 14 days) and group B (recovery stage, onset
after 14 days) according to the time of the first CMR examination.
There were 12 patients (60%) in group A and 8 patients (40%) in
group B. The examination time of group A was 6–13 days (10.7±
2.2 days) after onset and that of group B was 16–69 days (28.0 ±
18.0 days). Ten patients were followed up for 25–144 days (69.0
± 38.6 days).

All the children successfully completed the CMR examination,
and none of them had contrast agent allergy or other
complications. Each examination took approximately 40min
to 1 h.

Total Inspection Results of Groups A and B
There were 16 patients (80%) with abnormal CMR imaging out of
the 20 children with AFM. The main results were 13 cases (65%)
of high T2WI signal, 14 cases (70%) of LGE, 5 cases of myocardial
thinning, 6 cases of myocardial motility reduction, 6 cases of
pericardial effusion, and 3 cases of myocardial perfusion defect.

CMR Results of Group A
Ten of the 12 patients in the acute phase who underwent CMR in
the acute phase had abnormal results. There were 9 cases (75%)
of high T2WI signal, including 7 cases in the ventricular septum
and 2 cases in the left ventricle. LGE was found in 9 patients
(75%), including in the ventricular septum in 2 patients, in the
left ventricle in 5 patients, and in both the ventricular septum
and left ventricle in 2 patients. The myocardium was thinned in
3 patients, including in the left ventricular wall in 2 patients and
in the apex in 1 patient. Myocardial mobility was reduced in 4
patients. There were 5 cases of pericardial effusion, all of which
were light.

Eight patients in group A underwent CMR follow-up, of
whom 6 returned to normal after 25–63 days of onset, and
2 patients still had mild LGE at 33 and 46 days of onset,
respectively, although the lesion range was smaller than before.

CMR Results of Group B
Six of the 8 patients in group B who underwent CMR during the
recovery period had abnormal results. There were 4 cases (50%)
of high T2WI signal, including 3 cases in the ventricular septum
and 1 case in the left ventricle. LGE was found in 5 patients
(62.5%), including in the ventricular septum in 3 patients and
in both the ventricular septum and left ventricle in 2 patients.
There were 3 cases of perfusion defects, including 1 case in the
ventricular septum and 2 cases in the apex. Myocardial thinning
occurred in 2 patients, including in the ventricular septum in 1
patient and in both the ventricular septum and left ventricular
inferior wall in 1 patient. Myocardial mobility was reduced in 2
patients. Pericardial effusion occurred in one patient.

Two patients in group B underwent CMR follow-up. One of
the patients had no abnormalities in the initial examination and
follow-up examination. The other patient had significant cardiac
enlargement, LVEF reduction, periventricular septal defect and
LGE at 129 days of onset and was diagnosed with inflammatory
dilated cardiomyopathy.

Comparison of T2WI, LGE Sensitivity, and
Diagnostic Positive Rates Between Group
A and B
There were 9 cases of T2WI high signal in the 12 patients of
group A and 4 cases of T2WI high signal in the 8 patients of
group B. There was no significant difference between the two
groups (P > 0.05). There were 9 cases of LGE in the 12 patients
of group A and 5 cases of LGE in the 8 patients of group B. There
was also no significant difference between the two groups (P >

0.05). According to the Lake Louise criteria, 8 patients (66.7%)
in group A were diagnosed with myocarditis (both T2WI high
signal and LGE), and there were 4 patients with myocarditis
(50%) in group B. There was no significant difference between
the two groups (P > 0.05).
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Treatment and Outcome
Twenty patients were treated with bed rest; oxygen; and
anti-infection, myocardial nutrition, anti-heart failure, anti-
arrhythmia, and other comprehensive treatments after
admission. All patients were treated with high-dose human
immunoglobulin (IVIG, total 2 g/kg, divided into 2–5 days). We
used glucocorticoids in 11 patients who had no improvement in
heart failure or a persistent increase in hs-cTnT after 2–3 days of
routine treatment. The dosage of glucocorticoids was generally
1–2 mg/kg/d of prednisone, which was gradually decreased
according to the condition of the patients. Six of these patients
received an impact dose, methylprednisolone 10–30 mg/kg/d
(total amount not exceeding 1 g), for 3 days. The total course of
glucocorticoid treatment was 6–46 days (26.1 ± 12.9 days). The
hs-cTnT peak in children in the glucocorticoid group was higher
than that in the children in the unused glucocorticoid group
(2853.4 ± 2217.2 and 1124.7 ± 527.3 pg/ml, respectively), and
the difference was statistically significant (P < 0.05; Table 2).
There was no significant difference between the length of
stay (28.1 ± 5.4 vs. 24.1 ± 8.3 days) and the normal time of
LVEF recovery (16.9 ± 5.2 vs. 27.3 ± 25.0 days) (P > 0.05)
in the glucocorticoid group vs. the unused glucocorticoid
group (Table 2). Eight patients were treated with a temporary
pacemaker for 1–33 days (9.1 ± 10.2 days), and one patient was
treated with ECMO for 4 days. All children were discharged, and
no child died. In group A, in 2 patients with mild LGE during
their CMR review, their cardiac size and function returned to
normal after treatment with myocardial nutrition, beta-blocker,
ACEI, aldosterone antagonist, or other drug therapy. Children
who were treated with ECMO in group B did not recover at 5
months after treatment with the above method and were still
in follow-up.

DISCUSSION

AFM is a cardiovascular crisis in children, and the incidence
rate is increasing. In 1991, Lieberman et al. classified myocarditis
into four types, fulminant, acute, chronic, and chronic, based
on histological changes and the clinical manifestations of
myocardial biopsy (5). In 2013, Ginsberg et al. defined AFM
as acute myocarditis with clinical manifestations of sudden
onset with severe hemodynamic disorders. Clinical symptoms
markedly and rapidly worsen, requiring positive inotropic drugs,

TABLE 2 | Comparison of the hs-cTnT peak and the length of stay between the

glucocorticoid group and the unused glucocorticoid group.

Glucocorticoid group

(n = 11)

Unused glucocorticoid

group (n = 9)

P

hs-cTnT peak (pg/ml) 2853.4 ± 2217.2 1124.7 ± 527.3 <0.05

Time of hs-cTnT to

normal (days)

21.6 ± 5.9 22.0 ± 5.7 >0.05

Time of LVEF to normal

(days)

16.9 ± 5.2 27.3 ± 25.0 (n = 8) >0.05

Length of stay(days) 28.1 ± 5.4 24.1 ± 8.3 >0.05

mechanical ventilation, or mechanical circulation aids to provide
hemodynamic support (3). At present, the gold standard for AFM
diagnosis is still endomyocardial biopsy (EMB), but because of
its invasiveness and low sensitivity, it is not used as a first-
line examination, especially for children (4, 6). Currently, the
diagnosis of AFMmainly depends on the clinical manifestations;
cardiac injury biomarkers; and electrocardiogram, chest X-ray
and echocardiography results (7, 8). Therefore, this study chose
to meet Ginsberg’s definition of AFM as the research objective.

The etiology and mechanism of this disease are unknown.
Viral infection, autoimmune disease, drug poisoning, giant
cell myocarditis, and sarcoidosis can induce AFM. Viral
infection is the most common and difficult to foresee. There
are a wide variety of pathogenic viruses, but due to the
limitations of detection methods, only 10–20% of patients with
acute myocarditis demonstrate the presence of viral genes in
myocardial tissue upon detection. Myocarditis is usually caused
by viral infections and postviral immune-mediated responses.
With the development of new molecular technologies, such as
polymerase chain reaction (PCR) and in situ hybridization, the
most frequently detected viral profiles in EMB have changed from
typical enteroviruses and adenoviruses to the major parvoviruses
B19 (PVB19) and HHV6 (9, 10). In recent years, influenza
viruses, especially influenza A viruses, aremore common (11, 12).
In addition, myocarditis can be caused by nonviral infections
such as parasites, MP, Streptococcus pneumoniae, etc. (13–15).
Mahfoud et al. studied the diagnostic value of viral serology and
EMB viral genome detection in patients with clinically suspected
myocarditis. Only 5 (4%) of 124 patients had serological evidence,
and the same viral infection was detected by PCR in EMB samples
(16). This result indicates that viral serology is not yet suitable for
the diagnosis of myocardial infection in patients with suspected
myocarditis. In our study, the pathogen examination was more
common with MP-IgM and ASO. However, because EMB was
not performed, we were unable to determine its relevance to
AFM. However, clinicians are reminded to be alert to the possible
pathogenesis of MP and Streptococcus pneumonia infection.

The initial symptoms of AFM often do not manifest as
cardiovascular symptoms but as atypical symptoms such as
vomiting, abdominal pain, cough, and syncope, and the clinical
misdiagnosis rate is high. In this study, the initial symptoms
of the digestive system, such as abdominal pain and vomiting,
occurred in 60% of patients, respiratory symptoms such as chest
tightness and fatigue occurred in 20%, and heart and other
related symptoms occurred in only 5%. In clinical work, in
patients with abdominal pain and chest tightness, especially
in those with prodromal symptoms such as fever and cough,
with hemodynamic disorder or malignant arrhythmia as the
main manifestation, doctors should focus on whether the patient
has AFM.

At present, the commonly used myocardial injury biomarkers
are the creatine kinase isoenzyme and cardiac troponin (cTn).
In the early stage of AFM, cTn increased more frequently than
the creatine kinase isoenzyme (17), and the degree of cTn
increase can help to judge the prognosis. cTn is a nonenzymatic
serum marker with high specificity (90%) and high sensitivity
for evaluating myocardial injury, and it is the preferred marker
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for detecting myocardial injury (18). cTn usually rises within
2–4 h of onset and falls to normal for 2–3 weeks. The hs-cTnT
level in this group reached a peak at 3–5 days after onset and
rapidly decreased to normal after the disease improved, which
was consistent with the above experience.

Typical manifestations of main electrocardiograms in the
acute phase of AFM include extensive ST-T changes with
atrioventricular block and various ectopic arrhythmias. A
continuous prolongation of the QRS interval (>120ms) is
considered an independent predictor of cardiogenic death or
heart transplantation (8). The most common atrioventricular
block in this group was CAVB, most of which occurred within
3–5 days of onset, with an average return to normal within
3.6 ± 2.5 days. There was one case of continuous QRS
interval (≥120ms) that eventually developed into inflammatory
dilated cardiomyopathy.

Echocardiography can assess ventricular size, wall thickness,
the amplitude of motion, systolic and diastolic function,
pericardial effusion, and endoluminal thrombosis in patients
with AFM. Its most important role is to rule out other
causes of heart failure, such as valvular heart disease or other
cardiomyopathy (hypertrophic or restrictive cardiomyopathy)
(19). Many previous studies have reported that the heart
chamber size of patients with AFM is normal, and these
patients mainly show an increase in the interval thickness
due to acute myocardial edema, whereas the heart chamber
of patients with common myocarditis is enlarged, and this
helps to distinguish between AFM and common myocarditis
(3, 20). The above studies are all results of adult AFM. In
contrast, this group of children with AFM showed an increase
in the diameter of the heart cavity in 75% of the patients,
mainly a mild expansion. We consider that the reasons may be
related to the following aspects: (1) the heart during childhood
is still in the process of development, and the myocardial
compliance is poor and cannot tolerate increased preload;
(2) the sympathetic distribution of the myocardium is not
mature enough to release enough catecholamine to regulate the
response of the myocardium to the increased preload; (3) the
conduction system of children with AFM is more susceptible,
and atrioventricular block slows the heart rate and reduces
cardiac output.

CMR is gaining increasing attention in the diagnosis
of myocarditis. It can detect the location, extent and
degree of myocardial injury, which cannot be detected by
echocardiography. Abdel-Aty et al. reported that the sensitivity,
specificity, and accuracy of T2WI in the diagnosis of myocarditis
were 84, 74, and 79%, respectively; those of early enhancements
were 80, 68, and 74.5%, respectively; and those of LGE were 44,
100, and 71%, respectively. Optimal diagnostic performance was
produced when “any two” of the three sequences were positive
in the same patient, with 76% sensitivity, 95.5% specificity,
and 85% diagnostic accuracy (21). However, for patients with
AFM, their options for clinical examination are greatly limited
due to their poor condition and the inconvenience of the
examination. We used CMR to examine the 20 patients with
AFM, and the sensitivity of T2WI was 65% and that of LGE
was 75%. Due to the criticality of the condition, CMR was

performed only when the patient’s hemodynamics were stable.
Therefore, 20 patients had different examination times. We
found that the sensitivity of CMR was different between the
acute phase and the recovery phase: T2WI sensitivity was 75
and 50%, respectively, in the acute phase and the recovery
phase, and LGE sensitivity was 75 and 62.5%, respectively, in the
acute phase and the recovery phase, suggesting that myocardial
edema began to resolve 14 days after onset while LGE was
relatively delayed. In 2016, Wang et al. performed an early
CMR examination and short-term follow-up of 8 children with
AFM (22). It was found that CMR has certain value for the
early diagnosis and short-term follow-up of children with AFM.
Through the study of more patients and longer follow-up, we
found that the sensitivity of CMR examination within 14 days
was higher, and the sensitivity decreased significantly over 14
days. Therefore, we suggest that CMR should be performed as
soon as possible if the patient’s condition permits. In addition,
we compared the results of echocardiography with those
of CMR during follow-up, and these results confirmed that
CMR could show abnormalities that could not be recognized
by echocardiography and further confirmed that CMR had
important value in the early diagnosis and long-term evaluation
of children with AFM.

In terms of treatment, in recent years, an increasing number
of small-scale studies and case reports have suggested that
IVIG is beneficial for patients with AFM and inflammatory
dilated cardiomyopathy and can improve LVEF and long-
term prognosis with no obvious adverse reactions (14, 23).
We performed IVIG treatment on this group of 20 children
with AFM, and it also proved beneficial to these patients.
Chen et al. conducted a controlled study of 719 patients
with myocarditis and found that glucocorticoids may improve
cardiac function but did not reduce mortality (24). In a long-
term follow-up study (mean follow-up of 33 months), 21%
of patients with myocarditis developed dilated cardiomyopathy
(25). Studies by Kuhl et al. show that the persistence of the
viral genome leads to chronic inflammation, which affects the
recovery of LVEF (26) and may be related to progression
to inflammatory dilated cardiomyopathy. However, some case
reports and small-scale clinical studies have shown the beneficial
effects of glucocorticoid therapy on AFM (27, 28). Therefore,
the therapeutic effect of glucocorticoids on children with AFM is
still controversial. Ginsberg et al. believe that immunosuppressive
therapy should not be routinely used to treat myocarditis, but
it is strongly recommended to use it after conventional anti-
heart failure treatment (3). In this study, 11 patients with severe
condition (mean hs-cTnT average 2853.4 ± 2217.2 pg/ml) were
treated with IVIG and glucocorticoid therapy. The comparison
of hospitalization time with children without glucocorticoids
proved that glucocorticoids can improve children’s condition
but do not affect the prognosis. In theory, the use of
immunosuppressive agents in the acute phase of viral replication
may aggravate the direct damage of the virus to the myocardium,
and the use of immunosuppressive agents during the acute
phase of immune-mediated injury may bring some benefits,
but how to grasp the timing still requires more research.
In addition, 8 patients in this study received temporary
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pacemakers, and 1 patient received ECMO to ensure effective
tissue perfusion. Therefore, we recommend that patients with
AFM with CAVB should receive temporary pacemakers in a
timely manner, and those who cannot maintain the circulation
stability for conventional treatment methods should receive
ECMO and other mechanical circulation aids in time, which
can play a crucial role in improving the prognosis of patients
with AFM.

The limitations of this study are that the sample size is
small and it is a retrospective clinical study, the accuracy and
integrity of which cannot be guaranteed. AFM was only clinically
diagnosed, EMB was not performed, and histopathological
diagnosis and virus isolation were not used to determine the
cause. In addition, although studies have shown that CMR has
a high sensitivity for the diagnosis of AFM, it is necessary
to conduct a randomized prospective trial to demonstrate its
specificity in the diagnosis of these patients.

CONCLUSION

AFM has a rapid onset and can progress to heart failure
and cardiogenic shock in a short period of time. The clinical
presentation of symptoms of AFM in children are more
commonly in the gastrointestinal and respiratory systems, and
AFM is difficult to diagnose early and is easily misdiagnosed.
CMR is highly sensitive for the diagnosis of AFM, especially
within 14 days of onset. It can show not only the location of
myocardial injury but also the degree and extent of myocardial
inflammation, as well as the repair of fibrosis after inflammation,
which is helpful for the early identification of children with
AFM. The dynamic observation and follow-up of the course of
AFM in children by cardiac MRI can be used to guide clinical
decision-making and evaluate prognosis. The development of
life support technologies such as emergency cardiac pacing
and ECMO has reduced the mortality rate of children
with AFM.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this manuscript will
be made available by the authors, without undue reservation, to
any qualified researcher.

ETHICS STATEMENT

Written informed consent was obtained from the minor(s)’
legal guardian/next of kin for the publication of any potentially
identifiable images or data included in this article.

AUTHOR CONTRIBUTIONS

JL performed original literature search, developed methodology,
performed statistics, summary and analysis of data, and prepared
first draft of manuscript and revision. BH conceived the idea,
performed original literature search, organized and coordinated
the investigation, managed patients, and performed data analysis
and manuscript revision. CW performed CMR and analyzed
CMR data. JW performed literature search, data collection and
data analysis, and provided critical advice on the manuscript.
DJ managed patients and advised on data analysis and the
manuscript. LZ, YY, and JZ managed patients and provided
critical revision and advice on the research protocol and
manuscript. All authors approved this version of the manuscript
to be published and agreed to be accountable for all aspects of the
work, thereby ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investigated
and resolved.

FUNDING

This work was supported by the National Natural Science
Foundation of China (81873498) and the Taishan scholars
(no. ts201511099).

REFERENCES

1. Matsuura H, Ichida F, Saji T, Ogawa S, Waki K, Kaneko M, et al. Clinical
features of acute and fulminant myocarditis in children– 2nd nationwide
survey by Japanese society of pediatric cardiology and cardiac surgery. Circul
J. (2016) 80:2362–8. doi: 10.1253/circj.CJ-16-0234

2. Subspecialty Group of Cardiology tSoPCMA, Collaborating Group of
Myocarditis tSGoCtSoPCMA, Editorial Board CJoP, Pediatric Cardiology
Committee CCoCPCMDA. [Diagnostic recommendation for myocarditis
in children (version 2018)]. Zhonghua Er Ke Za Zhi. (2019) 57:87–9.
doi: 10.3760/cma.j.issn.0578-1310.2019.02.004

3. Ginsberg F, Parrillo JE. Fulminant myocarditis. Crit Care Clin. (2013) 29:465–
83. doi: 10.1016/j.ccc.2013.03.004

4. Friedrich MG, Sechtem U, Schulz-Menger J, Holmvang G, Alakija P, Cooper
LT, et al. Cardiovascular magnetic resonance in myocarditis: a JACC White
Paper. J Am Coll Cardiol. (2009) 53:1475–87. doi: 10.1016/j.jacc.2009.02.007

5. Lieberman EB, Hutchins GM, Herskowitz A, Rose NR, Baughman KL.
Clinicopathologic description of myocarditis. J Am Coll Cardiol. (1991)
18:1617–26. doi: 10.1016/0735-1097(91)90493-S

6. Ghelani SJ, Spaeder MC, Pastor W, Spurney CF, Klugman D. Demographics,
trends, and outcomes in pediatric acute myocarditis in the United States,

2006 to 2011. Circ Cardiovasc Qual Outcomes. (2012) 5:622–7.
doi: 10.1161/CIRCOUTCOMES.112.965749

7. Sankar J, Khalil S, Jeeva Sankar M, Kumar D, Dubey N. Short-term outcomes
of acute fulminant myocarditis in children. Pediatr Cardiol. (2011) 32:885–90.
doi: 10.1007/s00246-011-0007-8

8. Kindermann I, Barth C, Mahfoud F, Ukena C, Lenski M, Yilmaz A,
et al. Update on myocarditis. J Am Coll Cardiol. (2012) 59:779–92.
doi: 10.1016/j.jacc.2011.09.074

9. Breinholt JP, Moulik M, Dreyer WJ, Denfield SW, Kim JJ, Jefferies
JL, et al. Viral epidemiologic shift in inflammatory heart disease: the
increasing involvement of parvovirus B19 in the myocardium of pediatric
cardiac transplant patients. J Heart Lung Transplant. (2010) 29:739–46.
doi: 10.1016/j.healun.2010.03.003

10. Schultz JC, Hilliard AA, Cooper LT, Rihal CS. Diagnosis and treatment
of viral myocarditis. Mayo Clinic Proc. (2009) 84:1001–9. doi: 10.4065/84.
11.1001

11. Ukimura A, Satomi H, Ooi Y, Kanzaki Y. Myocarditis associated with
influenza A H1N1pdm2009. Influenza Res Treat. (2012) 2012:351979.
doi: 10.1155/2012/351979

12. Lobo MLS, Taguchi Â, Gaspar HA, Ferranti JF, Carvalho WBd, Delgado
AF. Fulminant myocarditis associated with the H1N1 influenza virus: case

Frontiers in Pediatrics | www.frontiersin.org 7 October 2019 | Volume 7 | Article 388

https://doi.org/10.1253/circj.CJ-16-0234
https://doi.org/10.3760/cma.j.issn.0578-1310.2019.02.004
https://doi.org/10.1016/j.ccc.2013.03.004
https://doi.org/10.1016/j.jacc.2009.02.007
https://doi.org/10.1016/0735-1097(91)90493-S
https://doi.org/10.1161/CIRCOUTCOMES.112.965749
https://doi.org/10.1007/s00246-011-0007-8
https://doi.org/10.1016/j.jacc.2011.09.074
https://doi.org/10.1016/j.healun.2010.03.003
https://doi.org/10.4065/84.11.1001
https://doi.org/10.1155/2012/351979
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Lv et al. Children With Acute Fulminant Myocarditis

report and literature review. Rev Bras Ter Intensiva. (2014) 26:321–6.
doi: 10.5935/0103-507X.20140046

13. Hidron A, Vogenthaler N, Santos-Preciado JI, Rodriguez-Morales AJ, Franco-
Paredes C, Rassi A Jr. Cardiac involvement with parasitic infections. Clin
Microbiol Rev. (2010) 23:324–49. doi: 10.1128/CMR.00054-09

14. Tsai YG, Ou TY, Wang CC, Tsai MC, Yuh YS, Hwang B. Intravenous gamma-
globulin therapy inmyocarditis complicated with complete heart block: report
of one case. Acta Paediatr Taiwan. (2001) 42:311–3.

15. Wada H, Ogita M, Miyauchi K, Suwa S, Yamano M, Daida H. Case
report: Fulminant myocarditis associated with overwhelming pneumococcal
infection. Int J Cardiol. (2016) 223:706–7. doi: 10.1016/j.ijcard.2016.08.282

16. Mahfoud F, Gartner B, KindermannM,Ukena C, Gadomski K, Klingel K, et al.
Virus serology in patients with suspected myocarditis: utility or futility? Eur
Heart J. (2011) 32:897–903. doi: 10.1093/eurheartj/ehq493

17. Lauer B, Niederau C, Kühl U, SchannwellM, PauschingerM, Strauer B-E, et al.
Cardiac troponin T in patients with clinically suspectedmyocarditis. J AmColl

Cardiol. (1997) 30:1354–9. doi: 10.1016/S0735-1097(97)00317-3
18. Ukena C, Kindermann M, Mahfoud F, Geisel J, Lepper PM, Kandolf

R, et al. Diagnostic and prognostic validity of different biomarkers in
patients with suspected myocarditis. Clin Res Cardiol. (2014) 103:743–51.
doi: 10.1007/s00392-014-0709-z

19. Blauwet LA, Cooper LT. Myocarditis. Prog Cardiovasc Dis. (2010) 52:274–88.
doi: 10.1016/j.pcad.2009.11.006

20. Felker GM, Boehmer JP, Hruban RH, Hutchins GM, Kasper EK, Baughman
KL, et al. Echocardiographic findings in fulminant and acute myocarditis. J
Am Coll Cardiol. (2000) 36:227–32. doi: 10.1016/S0735-1097(00)00690-2

21. Abdel-Aty H, Boye P, Zagrosek A, Wassmuth R, Kumar A, Messroghli
D, et al. Diagnostic performance of cardiovascular magnetic resonance
in patients with suspected acute myocarditis: comparison of different
approaches. J Am Coll Cardiol. (2005) 45:1815–22. doi: 10.1016/j.jacc.2004.
11.069

22. Wang H, Zhao B, Jia H, Gao F, Zhao J, Wang C. A retrospective study: cardiac
MRI of fulminant myocarditis in children—can we evaluate the short-term
outcomes? PeerJ. (2016) 4:e2750. doi: 10.7717/peerj.2750

23. Goland S, Czer LS, Siegel RJ, Tabak S, Jordan S, Luthringer D, et al.
Intravenous immunoglobulin treatment for acute fulminant inflammatory
cardiomyopathy: series of six patients and review of literature. Can J Cardiol.

(2008) 24:571–4. doi: 10.1016/S0828-282X(08)70638-X
24. Chen HS, Wang W, Wu SN, Liu JP. Corticosteroids for viral

myocarditis. Cochrane Database Syst Rev. (2013) 10:CD004471.
doi: 10.1002/14651858.CD004471.pub3

25. D’Ambrosio A, Patti G, Manzoli A, Sinagra G, Lenarda AD, Silvestri F,
et al. The fate of acute myocarditis between spontaneous improvement and
evolution to dilated cardiomyopathy: a review. Heart. (2001) 85:499–504.
doi: 10.1136/heart.85.5.499

26. Kuhl U, Pauschinger M, Seeberg B, Lassner D, Noutsias M, Poller
W, et al. Viral persistence in the myocardium is associated with
progressive cardiac dysfunction. Circulation. (2005) 112:1965–70.
doi: 10.1161/CIRCULATIONAHA.105.548156

27. Moreels M, Delforge ML, Renard M. Fulminant myocarditis with
dramatic response to corticoids. Acta Cardiol. (2010) 65:97–9.
doi: 10.2143/AC.65.1.2045898

28. Nakashima H, Umeyama Y, Minami K. Successive immunosuppressive
treatment of fulminant myocarditis that is refractory to
mechanical circulatory support. Am J Case Rep. (2013) 14:116–9.
doi: 10.12659/AJCR.889109

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2019 Lv, Han, Wang, Wang, Jiang, Zhao, Yi and Zhang. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Pediatrics | www.frontiersin.org 8 October 2019 | Volume 7 | Article 388

https://doi.org/10.5935/0103-507X.20140046
https://doi.org/10.1128/CMR.00054-09
https://doi.org/10.1016/j.ijcard.2016.08.282
https://doi.org/10.1093/eurheartj/ehq493
https://doi.org/10.1016/S0735-1097(97)00317-3
https://doi.org/10.1007/s00392-014-0709-z
https://doi.org/10.1016/j.pcad.2009.11.006
https://doi.org/10.1016/S0735-1097(00)00690-2
https://doi.org/10.1016/j.jacc.2004.11.069
https://doi.org/10.7717/peerj.2750
https://doi.org/10.1016/S0828-282X(08)70638-X
https://doi.org/10.1002/14651858.CD004471.pub3
https://doi.org/10.1136/heart.85.5.499
https://doi.org/10.1161/CIRCULATIONAHA.105.548156
https://doi.org/10.2143/AC.65.1.2045898
https://doi.org/10.12659/AJCR.889109
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	The Clinical Features of Children With Acute Fulminant Myocarditis and the Diagnostic and Follow-Up Value of Cardiovascular Magnetic Resonance
	Introduction
	Materials and Methods
	Research Subjects
	Ethics Statements
	CMR
	CMR Criteria for the Diagnosis of Myocarditis bib4
	Statistical Analysis

	Results
	Initial Symptoms
	Pathogen Examination
	hs-cTnT and NT-Pro BNP Results
	Electrocardiogram
	Echocardiography
	CMR
	Time and Safety of CMR Imaging
	Total Inspection Results of Groups A and B

	CMR Results of Group A
	CMR Results of Group B
	Comparison of T2WI, LGE Sensitivity, and Diagnostic Positive Rates Between Group A and B
	Treatment and Outcome

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


