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Outcome-Based Clinical Training on Myocarditis for Physicians
from Residents to Board-Certified Pediatric Cardiologists
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Here we describe outcome-based clinical training on myocarditis based on the achievement level of the physi-
cians as follows: epidemiology, symptoms, blood examinations, imaging, pharmacotherapy, treatment devices,
and prognosis. The mortality rate of fatal myocarditis is 0.46 per 10 million patients. Fulminant myocarditis
should be considered based on the clinical findings, including any neurological or gastric symptoms. It is useful
in the identification of advanced myocarditis to observe temporal changes from electrocardiography or blood
examinations. Echocardiography sometimes demonstrates poor systolic function or pericardial effusion, which
are specific findings in advanced myocarditis, and are also easy findings for residents to understand. Magnetic
resonance imaging and nuclear medicine are minimally invasive diagnostic modalities and are available for the
evaluation of impaired myocardium during the clinical course after the acute phase. Electrophysiological studies
can be performed on patients if they still have arrhythmias during the convalescent phase. Venoatrial extracor-
poreal membrane oxygenation should be initiated using clear criteria from each institution for weaning off the
device if the patients suffer from low output or fatal arrhythmias. The utility of intraaortic balloon pumping for
children is still controversial. We have no clear consensus concerning the usefulness of steroid or immunoglob-
ulin therapy. Patients who develop fulminant myocarditis do not always have an unfavorable prognosis if they
can survive sudden terrible disease in acute phase.
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Table 1 Enstrustable professional activity (EPA) of myocarditis
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Table 2 Classification of myocarditis

Category Classification

Infection Virus
Bacteria
Fungi
Rickettsia
Spirochetes
Protozoa, parasites
Internal factors Allergy
Autoimmune
Collagen disease
Kawasaki disease
Sarcoidosis
External factors Drugs
Chemical substance
Radiation
Heat stroke

Table 3 Virus possible related to myocarditis in
children

Viral family Virus

Picornaviridae Coxsackie virus A, B (Enterovirus)
Echovirus (Enterovirus)

Poliovirus (Enterovirus)

Influenza virus A, B

RS virus

Mumps virus

Measles virus

Orthomyxoviridae
Paramyxoviridae

Flaviviridae Hepatitis C virus

Dengue virus
Togaviridae Rubella virus
Retroviridae HIV

Herpesviridae Herpes Zoster (HHV3)
Cytomegalovirus

Herpes simplex (HHV1, 2)

EB virus
Adenoviridae Adenovirus
Parvovirdae Parvovirus
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Fig. 1 A case of fulminant myocarditis (13-year-old boy)

A: 12-lead electrocardiography shows atrioventricular dissociation and ST-T abnormality in the whole chest lead on
admission. B: Electrocardiogram shows ventricular tachyarrhythmia 3 h after admission.
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Fig. 2 A case of fulminant myocarditis (12-year-old girl)

A: 4-lead electrocardiography shows absolutely normal findings, including intraventricular conduction disturbance on
first-grade heart examination. B: Electrocardiogram shows complete right bundle branch block in V1 lead.

Fig. 3 A case of anomalous left coronary artery from the pulmonary artery (4-month-old girl)

A: Echocardiography visualizes abnormal connection between the left anterior descending coronary artery and the main
pulmonary artery (PA). B: The large right coronary artery originates from the aortic aorta without any abnormal blood
vessels running. Ao: Aortic aorta, PA: Pulmonary artery. Cited from reference 28).
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Table 4 Cause of late gadolinium enhancement in children

Category Diseases

Late gadoliinium enhancement pattern

Post-surgical Patch repair of VSD
Tetralogy of Fallot repair
Mpyocardial infarction
disease

Anomalous coronary arteries
Cardiomyopathy Dilated cardiomyopathy
Hypertrophic cardiomyopathy
Anderson-Fabry disease
Danon disease

Storage disorders

Musclular dystrophy Duchenne dystrophy

Coronary sequelae after Kawasaki

Transmural

Right ventriculcar wall

Always involves the subendocardial portion and extends
variably toward epicardium

Always involves the subendocardial portion and extends
variably toward epicardium

No enhancement

Mid-myocardial

Mid-myocardial/subepicardial

Subendocardial/mid-myocardial

Subepicardial

Inflammatory disease Myocarditis Mid-myocardial/subepicardial
Pericarditis Pericardial
*Cited from reference 30)
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Fig. 4 Veno-atrial extracorporeal membrane oxy-
genation time schedule from its indication
to cannulation in Nihon University Itabashi
Hospital in 2016

See Table 5 for the appropriate size of catheter and
site of cannulation.

Table 5 Appropriate catherter size and cannulation site on veno-atrial ECMO

<3kg 3-5kg 5-7kg 7-20kg 20-30kg 30kg<
Blood removing catherter size (cannulation vein) 8Fr 10Fr 12Fr 14Fr 16Fr 20Fr

(RCV) (RCV) (RCV) (RCV) (RCV) (RCV)
Blood feeding catherter size (cannulation artery) 6Fr 8Fr 10Fr 12Fr 14Fr 16Fr

(RCA) (RCA) (RCA) (RCA) (RCA or RFA) (RCA or RFA)

RCA, Right cervical artery; RCV, Right cervical vein; RFA, Right femoral artery.
Prepared by Sawada N (Nihon University School of Medicine, Department of Acute Medicine, Division of Emergency and Criti-
cal Care Medicine)
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Fig. 5 An actual medical scenario for role-play training for the bth grade medical students in Nihon Univer-

sity School of Medicine
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