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Abbreviations

Preamble

In 2009, the “Guidelines for diagnosis and treatment of 
myocarditis (JCS 2009)” were issued by the Japanese 
Circulation Society (JCS).1 Although this guideline has been 
widely used in clinical practice for more than a decade, it 
is certain that they now require adjustment in line with 
recent trends.

Recent Position Statements and Expert Consensuses 

published in Europe3 and the USA2 have shown a shift to 
general classification of myocarditis into acute myocarditis 
and chronic inflammatory cardiomyopathy, resulting in a 
decrease in the use of the term “chronic myocarditis” 
worldwide. This is attributable to the fact that the under-
standing of the etiology, pathological condition, and clinical 
course of myocarditis has gradually deepened through 

AKIN Acute Kidney Injury Network

APACHE Acute Physiology and Chronic Health Evaluation

AST aspartate aminotransferase

BNP B-type natriuretic peptide

BTT bridge to transplantation

BiVAD biventricular assist device

CK creatine kinase

CK-MB creatine kinase myocardial bound

COVID-19 COronaVirus Infectious Disease, emerged in 
2019

CRP C-reactive protein

CRT-D cardiac resynchronization therapy defibrillator

CTLA-4 cytotoxic T lymphocyte-associated protein 4

CQs Clinical Questions

DI disagreement index

DIC disseminated intravascular coagulation

DLST drug-induced lymphocyte stimulation test

DRESS drug reaction with eosinophilia and systemic 
symptoms

DT destination therapy

DiHS drug-induced hypersensitivity syndrome

EBV Epstein-Barr virus

ECG electrocardiography

ECMO extracorporeal membrane oxygenation

ECP eosinophilic cationic protein

ECRP extracorporeal cardiopulmonary resuscitation

ECV extra cellular volume

EGE early gadolinium enhancement

EGPA eosinophilic granulomatosis with polyangiitis

ELSO extracorporeal life support organization

EM eosinophilic myocarditis

ESR erythrocyte sedimentation rate

FDG-PET
18F-fluorodeoxyglucose positron emission 
tomography

GBD The Global Burden of Disease Study

GCM giant cell myocarditis

GDMT guideline-directed medical treatment

GLS global longitudinal strain

GLUT glucose transporter

GRADE Grading of Recommendations, Assessment, 
Development and Evaluation

HAV Hepatitis A virus

HCV Hepatitis C virus

HES hypereosinophilic syndrome

HF heart failure

HFrEF heart failure with reduced ejection fraction

HIV human immunodeficiency virus

IABP intra-aortic balloon pumping

ICD implantable cardioverter defibrillator

IIM idiopathic inflammatory myopathy

IL interleukin

IVIG intravenous immunoglobulin

LDH lactate dehydrogenase

LGE late gadolinium enhancement

LLC Lake Louise Criteria

LVAD left ventricular assist device

LVEF left ventricular ejection fraction

LVETc corrected left ventricular ejection time

MBP major basic protein

MCS mechanical circulatory support

MRI magnetic resonance imaging

miRNA microRNA

MIS-C multisystem inflammatory syndrome in children

mTOR mammalian target of rapamycin

NICU neonatal intensive care unit

NT-pro BNP N-terminal pro-B-type natriuretic peptide

NYHA New York Heart Association

PCR polymerase chain reaction

PD-1 programmed cell death protein-1

PD-L1 programmed death-ligand 1

PDE phosphodiesterase

QOL quality of life

RA rheumatoid arthritis

RCT randomized control trial

RV s′ tricuspid systolic velocity

RVAD right ventricular assist device

RVFAC right ventricular fractional area change

SAPS Simplified Acute Physiology Score

SARS-CoV-2 severe acute respiratory syndrome-coronavirus 2

SAVE Survival After Veno-arterial ECM

SLE systemic lupus erythematosus

SOFA Sequential Organ Failure Assessment

SvO2 mixed venous oxygen saturation

TAPSE tricuspid annular plane systolic excursion

TNFα tumor necrosis factor-α

VAD ventricular assist device

WCD wearable cardioverter defibrillator
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viral genome and histopathological analyses. Based on 
this, background knowledge of myocarditis should be 
organized according to these recent worldwide trends and 
in a manner reflecting actual clinical practice in Japan.

Because myocarditis is relatively rare, few studies have 
included a large number of patients, thus there is a lack of 
a scientific basis to support evidence-based medicine for 
this condition. In this regard, the Working Group aimed 
to prepare guidelines that would consider the actual status 
of clinical practice in Japan, in conjunction with a literature 
search. As for items that are particularly important for 
treatment decision-making, we formulated several Clinical 
Questions (CQs) and attempted to make recommendations 
based on systematic review and meta-analysis as much as 
possible. Cardiac sarcoidosis, which was cited in the previous 
edition of this guideline, is not included in the new edition 
because JCS guidelines for cardiac sarcoidosis were 
published in 2016.4

Clinical practice guidelines aim to provide optimal 
recommendations to help patients and healthcare profes-
sionals in shared decision-making, in consideration of 
systematic review and integral evaluation of the evidence 
and the risk–benefit balance of the medical procedure.5 The 
Grading of Recommendations, Assessment, Development 
and Evaluation (GRADE) approach is used worldwide for 
developing clinical practice guidelines,6 and a manual for 
guideline development by the GRADE approach [Medical 
Information Network Distribution Service (Minds) Manual 
for Guideline Development 2020] is available in Japan.5 
The current recommendations were made during the process 
of preparation of the CQs in the present Guidelines, 
according to the GRADE system based on an updated 
systematic review.

1. Process of Preparation

 ▋1.1  Purpose, Users, and Targeted Patients of the 
Guidelines

  ▋ 1.1.1 Purpose
To provide practice guidelines for appropriate diagnosis 
and treatment management to physicians engaged in clinical 
care of patients with myocarditis.

  ▋ 1.1.2 Expected Users
The present Guidelines were prepared in the expectation 
that cardiologists, cardiovascular surgeons, pediatricians, 
intensive care physicians, general internists, general practi-
tioners, nurses, and other medical personnel who are 
engaged in the clinical care of myocarditis patients would 
use them when devising treatment strategies. It is also 
expected that patients will use the Guidelines as a reference.

  ▋ 1.1.3 Expected User Facilities
Hospitals and clinics.

  ▋ 1.1.4 Targeted Patients
Adults, children, and neonates with myocarditis.

 ▋1.2 Precautions for Use of the Guidelines
We performed a comprehensive search of evidence, 
organized the background knowledge, and formulated 
recommendations. CQs were prepared according to the 
Minds Manual for Guideline Development (Minds Manual) 
20205 based on the GRADE system. This set of clinical 
practice guidelines serves only as a guide, rather than 

Table 1. Classes of Recommendation

Class I Evidence and/or general agreement that a given 
procedure or treatment is effective and/or useful

Class IIa High probability of efficacy/usefulness based on 
evidence and opinion

Class IIb Effectiveness/usefulness is not well-established 
based on evidence and opinion

Class III 
(No benefit)

Evidence or general agreement that the procedure or 
treatment is not effective and/or useful

Class III 
(Harm)

Evidence and/or general agreement that the 
procedure or treatment is harmful

Table 2. Level of Evidence

Level A Demonstrated by multiple randomized clinical trials or 
meta-analyses

Level B Demonstrated by a single randomized clinical trial or 
large non-randomized studies

Level C Consensus from expert opinion and/or small clinical 
trials (including retrospective studies and case series)

Table 3. Medical Information Network Distribution Service 
Grades of Recommendations

Grade A Strongly recommended and supported by strong 
evidence

Grade B Recommended with moderately strong supporting 
evidence

Grade C1 Recommended despite no strong supporting 
evidence

Grade C2 Not recommended because of the absence of strong 
supporting evidence

Grade D Not recommended as evidence indicates that the 
treatment is ineffective or even harmful

(Adapted from MINDS Handbook for Clinical Practical Guideline 
Development, 2007, p.16.7)

Table 4. Medical Information Network Distribution Service 
Levels of Evidence (Levels of Evidence in the 
Literature on Treatment)

I Systematic review/meta-analysis of randomized 
controlled trials

II One or more randomized controlled trials

III Non-randomized controlled trials

IVa Analytical epidemiologic studies (cohort studies)

IVb Analytical epidemiologic studies (case-control studies 
and cross-sectional studies)

V Descriptive studies (case reports and case series)

VI Not based on patient data, or based on opinions from a 
specialist committee or individual specialists

(Adapted from MINDS Handbook for Clinical Practice Guideline 
Development, 2007, p.16.7)
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mandatory standards, for actual clinical practice. Decision-
making should consider the patient’s sense of value, the 
views of the patient’s family, and the situation and experi-
ence of the clinical facility. Although the responsibility for 
the context of the Guidelines is borne by the Working 
Group and Assessment Panel members, the results of the 
actual medical procedure are attributed to the healthcare 
provider who performed it. The Guidelines are not 
intended to be used as a reference in medical lawsuits.

 ▋1.3  Process of Developing the Text of the 
Guidelines

The text of the Guidelines provides an outline of the 
background knowledge regarding clinical practice for 
patients with myocarditis. References for each topic were 
searched comprehensively in the PubMed, CENTRAL, 
and ICHUSHI databases by the Working Group members 
and cooperators until September 30, 2022, to organize the 
background knowledge. Based on such knowledge, the 
members explored the content and reached consensus to 
determine recommendations. According to the Minds 
Manual 2020, a systematic review requires the following: 
(1) relevant references are cited without omission; (2) studies 
are adopted without bias; (3) each study is evaluated on 
neutral ground according to certain criteria [(1) the effect 
size on outcome, (2) certainty of the effect]; and (4) the result 
of evaluation is reflected in the conclusion.5 Although the 
CQs satisfied these requirements, the recommendations 
are only referred to as “recommendations based on 
comprehensive search” because the text of the Guidelines 
was not subjected to a process complying with the Minds 
Manual. As for the level of recommendation, the Minds 
grade of recommendation (Table 37) and Minds level of 

evidence (Table 47) are specified, in addition to the class of 
recommendation (Table 1) and the level of evidence 
(Table 2) used in the conventional JCS clinical practice 
guidelines.

  ▋ 1.3.1 External Assessment and Finalization
Five experts were asked to review the Guidelines, and based 
on their opinions, modifications were made as necessary, 
and the final draft was published after approval of the JCS 
Clinical Guidelines Committee.

 ▋1.4 Process of Developing the CQs
The Clinical Practice Guidelines Development Committee 

Table 5. Grading of Recommendations: Determination of the Direction and Strength of Recommendation and Certainty of the Body 
of Evidence

Grade Strength of  
recommendation Expression Criteria Meaning

1

Strong  
recommendation

Strongly recommend  
to do or not to do

There is high certainty that the desirable 
effect (benefit) of the intervention is 
higher or lower than the undesirable 
effect (harm, burden, cost, etc.)

Most patients in this situation would want 
the recommended course of action and 
only a small proportion would not

2

Weak  
recommendation

Propose to do or not  
to do

There is low certainty that the desirable 
effect (benefit) of the intervention is 
higher or lower than the undesirable 
effect (harm, burden, cost, etc.)

The majority of patients in this situation 
would want the recommended course of 
action, but many would not 

(Source: Prepared based on the Minds Manual for Guideline Development 2020.5)

Table 6. Grade of the Certainty of the Body of Evidence

Code Certainty Definition

A High There is high certainty about the effect 
estimate

B Moderate There is moderate certainty about the 
effect estimate

C Low The certainty about the effect estimate 
is limited

D Very low There is hardly any certainty about the 
effect estimate

Note: It is speculated that there are multiple outcomes. When 
there are ≥2 studies that examined a certain outcome, the 
certainty of the body of evidence was determined. After the 
certainty of the body of evidence for each outcome was judged, 
the certainty of the body of evidence for all outcomes was 
determined. (Adapted from the Minds Manual for Guideline 
Development 2020.5)

1 2 2 1
Strength of recommendation

Very strongly
recommend

not to do

Weakly
recommend

not to do

Weakly
recommend

to do

Strongly
recommend

to do

Figure 1.  Visual presentation of the strength of recommendation. The darker the shade, the greater the strength of recommendation. 
The strength of recommendation is a continuum, although it is classified as 2 grades (1 or 2).
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comprised cardiologists, radiologists, pediatricians, and 
pathologists involved in clinical practice for patients with 
myocarditis. The Systematic Review Team (CQ group) 
was independent of the Clinical Practice Guidelines 
Development Committee.

First, we selected the key clinical issues, prepared the 
CQs, selected the outcomes, and determined their signifi-
cance. After systematic review by each CQ group, a meeting 
was held to finalize the recommendations and the Evidence 
to Decision table, based on which the panelists wrote 
commentary on the recommendations. Thereafter, the 
recommendations and commentary were modified as 
necessary, based on the review of the content by external 
reviewers and collected public comments, and presented 
for publication.

  ▋ 1.4.1 Steps in the Process of Development
Step 1:  Identification of Key Clinical Issues and 

Preparation of CQs
Three clinical issues were identified and their constituent 
elements were expressed as Patient (P), Intervention (I) or 
Exposure (E), and Control (comparator) (C). Outcomes 
concerning the benefit and harm of the intervention were 
identified. The significance of the outcomes was determined 
in the meeting, using a scoring system of 1–9 points, in 
which 9 was most significant and 1 was least significant. 
Outcomes with a score of 7–9 points were classified as 
significant, and these alone were adopted as the target 
outcomes of the systematic review. Thereafter, CQs were 
established.

Step 2:  Systematic Review and Formulation of the Body of 
Evidence

A systematic review by two CQ group members was 
performed for each CQ, independent of the Clinical Practice 
Guidelines Development Committee. The CQ group 
members prepared the search formula and retrieved data 
from the PubMed, Cochrane Library, and ICHUSHI 
databases. The search covered randomized control trials 
and observational studies (prospective and retrospective). 
Case reports and case series were excluded, based on the 
title if possible, and if this was difficult, the abstract or the 
text of the article was read to determine whether to exclude 
it. The judgment was made by 2 physicians independently. 
Any discrepancies were discussed to reach agreement prior 
to preparing a Summary of Findings table to show the body 
of evidence.

Step 3: Development of Recommendations
The CQ group and a member of the Clinical Practice 
Guidelines Development Committee prepared a draft 
Evidence to Decision table,8 a draft text of recommenda-
tions, and a draft grading table (Tables 5,6,5 Figure 1). The 
draft text of the recommendations was evaluated online 
anonymously by all members of the Guidelines Develop-

ment Committee according to the modified Delphi method 
(RAND method) using 1–9 scaling.5 A score of 1–3 points 
represented “not approvable” (1 point: completely unap-
proved), 4–6 points “unclear”, and 7–9 points “approvable” 
(9 points: completely approved). When the score was <7 
points, the reason for the score was described. The median 
of the score and the disagreement index (DI) were calcu-
lated. We regarded that consensus was achieved when the 
median was ≥7, the DI was <1, and there was no critical 
opinion.

At the meeting, the risk–benefit balance, certainty of the 
body of evidence, patients’ sense of value, cost borne by 
patients, users’ acceptability, and feasibility were examined 
based on the drafts, and the Evidence to Decision table 
was completed.8 Even when the evidence was associated 
with a benefit with high certainty, the item was not recom-
mended in cases where harm such as serious adverse 
reactions or burden surpassed the benefit.9 When the 
medical expense was high or when the facilities that can 
provide the treatment were limited despite numerous 
patients, the treatment was not likely to be generally 
recommended.9 Commentary was written based on the 
finished text of recommendations and the Evidence to 
Decision table.

The strength of recommendations is a continuum as 
shown in Figure 1.9 In the GRADE system, the strength of 
recommendation is expressed by 4 categories, which are 
strong or weak recommendations to do or not to do 
(Table 5). Some cases of Grade 1 may be proximate to 
cases of Grade 2, and others may be halfway between cases 
of Grades 1 and 29 (Figure 1). Table 6 shows the certainty 
of the body of evidence. It is stipulated that implementation 
of the recommendation should be determined individually 
for each patient, considering the patient’s sense of value, 
cost, resources, etc., and that not all healthcare profes-
sionals or patients are necessarily required to follow the 
recommendations.

Step 4:  Evaluation and Finalization of the Clinical Practice 
Guidelines

The content of the Guidelines was reviewed by external 
reviewers and based their reports, modifications were made 
as necessary.

 ▋1.5 Publication
The final draft was published after approval of the JCS 
Clinical Practice Guidelines Committee.

 ▋1.6 Conflict of Interest (COI)
Conflict of interest, if any, was declared according to the 
rules prescribed by the JCS. The declaration covered 3 
years from 2020 to 2022.
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I. Introduction

1. Definition and Classification

 ▋1.1 Concept (Figure 2)

Myocarditis is a group of inflammatory diseases involving 
the myocardium, and includes various pathological condi-
tions. It is the result of infection, drug exposure, immune 
system activation, etc., and is pathologically characterized 
by inflammatory cell infiltration and cardiomyocyte injury 
(degeneration and necrosis of adjacent cardiomyocytes). If 
the inflammation extends to the pericardium, the condition 
is called perimyocarditis. Myocarditis manifests a broad 
spectrum of clinical pictures and course.

The concepts and definitions of chronic myocarditis, 
chronic inflammatory cardiomyopathy, and inflammatory 
dilated cardiomyopathy have not been standardized 
internationally. In particular, there is discrepancy in the 
definitions between Japan and Western countries, causing 
some confusion. Therefore, in the present Guidelines, the 
disease concept described as “chronic myocarditis” in the 
previous Japanese guidelines (1996,10 2004,11 and 20091), is 
redefined as “chronic active myocarditis”.

Because myocarditis includes some types of cardio-
myopathy, there can be overlap, which is defined as 
“myocardial disease accompanied by cardiac dysfunction,” 
rather than being exclusive to each other.

Although the previous Japanese guidelines defined the 

boundary between acute and chronic status as 3 months (a 
few months) after onset, we have adopted a definition of 
the boundary as 30 days after onset, considering the trends 
in international statements.2

 ▋1.2 Classification
Myocarditis is classified by the clinical features, etiology, 
and histology (Table 7).

Based on the clinical features, myocarditis is classified as 
acute myocarditis, chronic active myocarditis, chronic 
myocarditis, chronic inflammatory cardiomyopathy, and 
post-myocarditis cardiomyopathy, according to the mode 
of onset and time after onset. Acute myocarditis and 
chronic active myocarditis are active conditions charac-
terized by current inflammatory cell infiltration and 
cardiomyocyte injury. Chronic myocarditis and chronic 
inflammatory cardiomyopathy are not accompanied by 
cardiomyocyte injury at the time of presentation. Post-
myocarditis cardiomyopathy is a condition characterized 
by remaining dysfunction with fibrosis and scarring after 
the myocarditis has healed.

A type of acute myocarditis that shows rapid collapse of 
hemodynamic status and follows a fatal course is called 
fulminant myocarditis.12 Subclinical acute myocarditis is 
rarely diagnosed in the clinical setting because the date of 
its onset is conceptual and difficult to identify. Chronic 
active myocarditis includes various pathological conditions, 

 

 

 
 

 

 

 

 
 

 
 

*1: Even when there is no cardiomyocyte injury in histopathology, the presence of either of 
     the following findings clinically indicates the possibility of chronic active myocarditis.
     (1) Persistent increase in the blood high-sensitivity cardiac troponin level
     (2) CD3-positive T cells in myocardial tissue ≥24/mm2 (5.8 cells/HPF)
     (3) Tenascin C (4C8) immunostain positive findings in myocardial tissue
*2: Immunohistological criteria for chronic inflammatory cardiomyopathy Leukocytes in 
     myocardial tissue ≥14/mm2 (accompanied by CD3-positive T cells ≥7/mm2)
HPF, high-power field (×40 objective lens with field number 22)

• Inflammatory cell
  infiltration
• Cardiomyocyte injury
  (necrosis/degeneration)
• Edema

• Inflammatory cell infiltration 
  (There are
  immunohistological criteria*2)
• No cardiomyocyte injury
• Fibrosis
• Cardiomyopathy-like
  changes in cardiomyocytes

• Subsidence of
  inflammation
• Granulation
  tissue
• Fibrosis/scarring

• Inflammatory cell infiltration
• Cardiomyocyte injury
  (necrosis/degeneration)
• Fibrosis/fat replacement
• Cardiomyopathy-like changes in
   cardiomyocytes

A condition which is defined by 
morphological and functional 
abnormailites (cardiomypathy) 
and histological findings as 
below

A chronic condition in which inflammatory 
cell infiltration and cardiomyocyte injury 
(degeneration/necrosis accompanied by 
encroachment of inflammatory cells at the 
perimeter of cardiomyocytes) are 
observed.*1 The mode of onset may be 
obscure or may extend from acute 
myocarditis

≥30 days<30 days
Onset

Acute myocarditis Chronic active myocarditis Chronic inflammatory
cardiomyopathy

Healed

Normalized Post-myocarditis
cardiomyopathy

Acute injury

Healing process

(Chronic myocarditis)

Figure 2.  Conceptual diagram of myocarditis.
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Table 7. Classification of Myocarditis

Clinical feature Etiology Histology

Acute myocarditis
  Clinical
  Fulminant
  Subclinical

Chronic active myocarditis
  Persistent
  Subclinical

Chronic myocarditis

 Chronic inflammatory cardiomyopathy 
(including inflammatory dilated 
cardiomyopathy)

Post-myocarditis cardiomyopathy

Infectious
  Viral
  Bacterial
  Fungal
  Rickettsial
  Spirochetal
  Protozoal, parasitic
  Other

Noninfectious
  Chemicals
    Drugs (including vaccines)
    Other chemicals
  Hypersensitivity reactions
  Systemic diseases
    Collagen disease, Kawasaki disease
    Sarcoidosis, etc.
  Radiation, heatstroke
  Unknown etiology
  Idiopathic

Lymphocytic
Giant cell
Eosinophilic
Granulomatous

Table 8. Definitions of Myocarditis

Term Definition
Inflammatory  
cell infiltration  
in myocardium

Cardiomyocyte 
injury (necrosis/

degeneration)

Acute myocarditis Myocarditis <30 days after onset histologically characterized by inflammatory 
cell infiltration and cardiomyocyte injury (degeneration/necrosis accompanied 
by encroachment of inflammatory cells at the perimeter of cardiomyocytes)
When myocardial biopsy is not feasible, a clinical diagnosis of acute 
myocarditis can be made when the following findings are obtained in addition 
to a clinical course and symptoms suggestive of myocarditis:
(1) Increase in the blood high-sensitivity cardiac troponin level
(2) Findings suggestive of edema on cardiac MRI

+ +

 Chronic active 
myocarditis

Myocarditis ≥30 days after onset histologically characterized by inflammatory 
cell infiltration and cardiomyocyte injury (degeneration/necrosis accompanied 
by encroachment of inflammatory cells at the perimeter of cardiomyocytes)
Even if cardiomyocyte injury is not seen on histopathology, the presence of 
either of the following findings indicates the possibility of clinical chronic 
active myocarditis:
(1) Persistent increase in the blood high-sensitivity cardiac troponin level
(2) CD3-positive T cells in myocardial tissue ≥24/mm2 (5.8 cells/HPF)
(3) Tenascin C (4C8) stain positive findings in myocardial tissue

+ +

Chronic myocarditis Myocarditis ≥30 days after onset histologically characterized by inflammatory 
cell infiltration without cardiomyocyte injury (degeneration/necrosis 
accompanied by encroachment of inflammatory cells at the perimeter of 
cardiomyocytes)
This seems to be a transitional phase between acute myocarditis and 
chronic inflammatory cardiomyopathy

+ −

 Chronic inflammatory 
cardiomyopathy

Myocardial inflammation persisting for ≥30 days after onset, accompanied 
by decreased ventricular wall motion. Histologically, there is fibrosis 
accompanied by cardiomyocyte abnormality (variation in cardiomyocyte 
size, etc.) and inflammatory cell infiltration (leukocytes in myocardial tissue 
≥14/mm2 with CD3-positive T cells ≥7/mm2). There is no cardiomyocyte 
injury (degeneration/necrosis accompanied by encroachment of 
inflammatory cells at the perimeter of cardiomyocytes)

+ −

 Inflammatory dilated 
cardiomyopathy

A subgroup of dilated cardiomyopathy, histologically characterized by 
inflammatory cell infiltration without cardiomyocyte injury (degeneration/
necrosis accompanied by encroachment of inflammatory cells at the 
perimeter of cardiomyocytes). This condition is conceptually included in 
chronic inflammatory cardiomyopathy

+ −
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and has conventionally been classified into 2 types (i.e., 
prolonged and subclinical) in Japan.1 Prolonged chronic 
active myocarditis is a condition showing persistent cardio-
myocyte injury at least 30 days after the onset of acute 
myocarditis and even after improvement of symptoms. 
Subclinical chronic active myocarditis denotes a condition 
with chronically persisting cardiomyocyte injury in the 
absence of clinical symptoms suggestive of acute myocar-
ditis. In contrast, chronic inflammatory cardiomyopathy 
shows decreased ventricular wall motion, myocardial 
inflammation persisting for at least 30 days, and fibrosis 
accompanied by inflammatory cell infiltration, but presents 

no cardiomyocyte necrosis at the time of diagnosis.
A case of ventricular remodeling progressing to present 

dilated cardiomyopathy-like features, despite improvement 
in findings of active inflammation due to myocarditis, is 
termed post-myocarditis cardiomyopathy.13 It has become 
apparent that patients with dilated cardiomyopathy include 
a relatively large proportion of those with histopatho-
logically persistent myocardial inflammation, and this 
condition is sometimes called inflammatory dilated cardio-
myopathy. Conceptually, it is understood that inflammatory 
dilated cardiomyopathy is included in chronic inflammatory 
cardiomyopathy.

Table 9. Differences in the Definitions in Existing Guidelines/Statements/Expert Consensus

Term
Japanese Circulation 
Society Guidelines

20091

European Society of 
Cardiology Position 

statement
20133

Ammirati E, et al.
Expert Consensus 

Document
20202

Japanese Circulation 
Society Guidelines

2023

 Acute  
myocarditis

Myocarditis <3 months 
(∼several months) after onset

Myocarditis <3 months 
after onset Myocarditis <30 days after onset

•  Histologically characterized by inflammatory cell infiltration
•   Cardiomyocyte injury (degeneration/necrosis accompanied by encroachment of inflammatory cells at the perimeter of 

cardiomyocytes)

 Chronic active 
myocarditis

Not defined
(Conceptually included in 
chronic myocarditis)

Not defined Not defined

•   Myocarditis >30 days after 
onset

•   Histologically characterized 
by inflammatory cell 
infiltration

•   Cardiomyocyte injury 
(degeneration/necrosis 
accompanied by 
encroachment of 
inflammatory cells at the 
perimeter of 
cardiomyocytes)

 Chronic 
myocarditis

Myocarditis >3 months 
(∼several months) after onset

Myocarditis >3 months 
after onset Not described Myocarditis >30 days after 

onset

•   Histologically characterized 
by mononuclear cell 
infiltration (not defined by 
immunohistochemistry)/
aggregation (≥5 cells/HPF)

•   Cardiomyocyte injury 
(degeneration/necrosis 
accompanied by 
encroachment of 
inflammatory cells at the 
perimeter of 
cardiomyocytes)

•   Histologically, fibrosis 
accompanied by 
cardiomyocyte 
abnormality (variation in 
cardiomyocyte size, etc.) 
and inflammatory cell 
infiltration (leukocytes in 
myocardial tissue 
≥14/mm2 with 
CD3-positive T cells 
≥7/mm2)

•   Not described regarding 
cardiomyocyte injury

•   Histologically characterized by inflammatory cell infiltration
•   No cardiomyocyte injury (degeneration/necrosis 

accompanied by encroachment of inflammatory cells at 
the perimeter of cardiomyocytes)

•   Transitional phase between acute myocarditis and 
chronic inflammatory cardiomyopathy

 Chronic 
inflammatory 
cardiomyopathy

Not defined

Not defined
(Conceptually included in 
chronic myocarditis as 
inflammatory 
cardiomyopathy)

Myocardial inflammation persisting for ≥30 days after onset

•  Decreased ventricular wall motion
•   Histologically, there is fibrosis accompanied by 

cardiomyocyte abnormality (variation in cardiomyocyte 
size, etc.) and inflammatory cell infiltration (leukocytes in 
myocardial tissue ≥14/mm2 with CD3-positive T cells 
≥7/mm2)

•   No cardiomyocyte injury (degeneration/necrosis 
accompanied by encroachment of inflammatory cells at 
the perimeter of cardiomyocytes)

 Inflammatory 
dilated 
cardiomyopathy

Not defined

•  Subgroup of dilated cardiomyopathy
•   Histologically characterized by inflammatory cell infiltration
•   No cardiomyocyte injury (degeneration/necrosis 

accompanied by encroachment of inflammatory cells at 
the perimeter of cardiomyocytes)

•   Conceptually included in chronic inflammatory 
cardiomyopathy

HPF, high-power field. (Source: Prepared based on Group JCS, et al, 2011,1 Ammirati E, et al. 2020,2 Caforio AL, et al. 2013.3)
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Etiologically, myocarditis is mainly classified as infectious 
or noninfectious. Among the infectious causes, viruses are 
the most common. Noninfectious causes involve chemical 
substances, including drugs and vaccines, systemic diseases 
such as collagen disease and sarcoidosis, hypersensitivity 
reactions, and radiation.

Myocarditis is also classified as lymphocytic, giant cell, 
eosinophilic, or granulomatous myocarditis according to 
its histological features. Lymphocytic myocarditis is mostly 
derived from viral infection, whereas giant cell, eosinophilic, 
or granulomatous myocarditis is often associated with 
cardiotoxic substances, drug allergy, autoimmunity, systemic 
disease, etc.

When using the classification by clinical disease type, 
histology, and etiology, it should be remembered that 
there is not necessarily one-to-one correspondence. If 
endomyocardial biopsy is feasible in the early phase of 
onset, it will allow development of a treatment strategy 
based on the histological diagnosis. However, in some 
cases, it is difficult to perform endomyocardial biopsy in 
the early phase of onset or to make an accurate histological 
diagnosis.

 ▋1.3 Definition
In the present Guidelines, acute myocarditis, chronic active 
myocarditis, chronic myocarditis, chronic inflammatory 
cardiomyopathy, and inflammatory dilated cardiomyopathy 
are defined in Table 8 and described below. In addition, 
differences in the definitions in existing guidelines/
statements/expert consensus are described in Table 9.1–3

The definitions of other specific types of myocarditis are 
described elsewhere.

  ▋ 1.3.1 Acute Myocarditis
Most cases of acute myocarditis develop after viral infec-
tion. It has characteristic features of active myocarditis on 
endomyocardial biopsy obtained <30 days after onset. 
Under light microscopy, aggregation or infiltration of 
mononuclear cells of various sizes and fusion or necrosis 
of adjacent cardiomyocytes are observed. Fibrosis may or 
may not be present. Even when endomyocardial biopsy is 
not feasible, there is usually an increase in high-sensitivity 
cardiac troponin, and cardiac magnetic resonance imaging 
(MRI) performed <30 days after onset shows findings of 
myocardial edema.

  ▋ 1.3.2 Chronic Active Myocarditis
The concept described as chronic myocarditis in previous 
Japanese guidelines (1996,10 2004,11 20091) is defined as 
chronic active myocarditis in the present Guidelines. 
Chronic myocarditis is a disease concept that has been 
proposed uniquely in Japan and has not been clearly 
defined in expert consensus or other statements published 
in Europe and the USA.2

Chronic active myocarditis is defined as a condition of 
myocardial inflammation persisting for ≥30 days and 
accompanied by cardiomyocyte injury including myocardial 
necrosis. Heart failure (HF) and arrhythmias often occur, 
presenting dilated cardiomyopathy-like features. In some 
cases it develops subclinically and follows a chronic course, 
whereas in others it shows persistence and prolongation of 
acute myocarditis.1,14–19 Even if not histologically-defined 
active myocarditis, chronic active myocarditis is suspected 
in cases of a persistent increase in the troponin level reflecting 

cardiomyocyte injury, or findings reflecting strong inflam-
mation in myocardial tissue, such as tenascin C (4C8) 
positive findings or infiltration of CD3-positive T cells 
≥24/mm2 (5.8 cells/high-power field).20

  ▋ 1.3.3 Chronic Myocarditis
The most recent expert consensus in Europe and the USA 
describes chronic myocarditis as a condition without 
myocardial necrosis or abnormality of cardiomyocytes, 
presenting as an intermediate stage between acute myocar-
ditis and chronic inflammatory cardiomyopathy.2 The 
present Guidelines have adopted the same definition as 
that used in Western countries. On the other hand, in our 
Guidelines, active myocarditis having myocardial injury in 
the chronic stage (previously described as chronic myocar-
ditis) is defined as chronic active myocarditis, which is 
undefined in Europe and the USA (see 1.3.2).

  ▋ 1.3.4 Chronic Inflammatory Cardiomyopathy
Chronic inflammatory cardiomyopathy is defined as a 
condition in which there is chronically persisting inflam-
matory cell infiltration (immunohistologic criteria are 
available), with no clear injury to adjacent cardiomyocytes 
(i.e., not active). Histologically, this condition is charac-
terized by abnormal cardiomyocytes (irregular in size) and 
local and diffuse fibrosis accompanied by inflammatory 
cell infiltration. It is accompanied by cardiac dysfunction 
and ventricular remodeling, often leading to HF and 
arrhythmias. Although cases attributable to viral infection 
are dominant, there is a wide variety of etiology including 
infectious and noninfectious causes.21

  ▋ 1.3.5 Inflammatory Dilated Cardiomyopathy
Inflammatory dilated cardiomyopathy is a subgroup of 
dilated cardiomyopathy that is accompanied by inflam-
mation. It is not a disease entity classified by etiology, but 
a syndrome included in chronic inflammatory cardiomy-
opathy.22 As in dilated cardiomyopathy with a genetic 
background, cardiomyocytes susceptible to stress are likely 
to exhibit cell injury or cell death. Cell injury causes a 
natural immune response, particularly the activation of 
monocytes/macrophages. Although reactive inflammation 
in response to cell injury or cell death is necessary for tissue 
repair, the characteristics differ from those of inflammation 
in autoimmune/viral myocarditis, and reactive inflammation 
induces the release of various inflammatory mediators, 
causing worsening of HF in a vicious cycle. Inflammatory 
dilated cardiomyopathy is suggested to be a part of this 
vicious cycle.23

In a recent multicenter collaborative study in Japan, a 
retrospective analysis of 261 patients with dilated cardio-
myopathy revealed that a higher number of CD3-positive 
T lymphocytes infiltrating the myocardial tissue was asso-
ciated with poorer prognosis.20 This suggests that tissue 
infiltration of inflammatory cells chronically induces 
myocardial injury in dilated cardiomyopathy, playing a 
role in disease progression.

 ▋1.4 Limitations in Defining Myocarditis
In current clinical practice, it is difficult to clearly distinguish 
among chronic active myocarditis, chronic inflammatory 
cardiomyopathy, inflammatory dilated cardiomyopathy, 
and dilated cardiomyopathy. The reason is that the defini-
tions may vary according to which factor is most weighted 
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in the classification; these factors include morphological 
abnormality, functional abnormality, histopathology, 
genetic predisposition, and mode of onset. For instance, in 
the present Guidelines, cases showing a chronic course are 
defined according to histopathological features, such as 
chronic active myocarditis when there is inflammatory cell 
infiltration accompanied by cardiomyocyte injury or as 
inflammatory dilated cardiomyopathy when there is 
inflammatory cell infiltration not accompanied by cardio-
myocyte injury. However, in some cases, a diagnosis of the 
latter condition made based on myocardial biopsy is 
changed to chronic active myocarditis after examining the 
extirpated heart at the time of transplantation. Therefore, 
the possibility of chronic active myocarditis cannot be 
denied in cases of inflammatory dilated cardiomyopathy. 
In addition, because the etiology of inflammatory cardio-
myopathy varies widely, including infectious and noninfec-
tious causes, it is also difficult to clearly distinguish between 
chronic inflammatory cardiomyopathy and inflammatory 
dilated cardiomyopathy in terms of their histological 
features.

2. Epidemiology

 ▋2.1  Adults in Japan  
(See Chapter VI. 6 for Epidemiology in 
Children, and Chapter V for Prognosis)

Details of the incidence and mortality of myocarditis in 
Japan remain unclear for the following reasons: (1) there 
are various clinical pictures, (2) there are no established 
noninvasive tests with high sensitivity and specificity, and 
(3) asymptomatic or mild cases are difficult to diagnose.

According to the Global Burden of Disease Study 2013 
(GBD 2013), the annual incidence rate of acute myocarditis 
was estimated to be 22 out of 1,000,000 people,24 and the 
GBD 2019 showed that the prevalence of myocarditis in 
100,000 people aged 35–39 years was 6.1 for men and 4.4 
for women, and increasing with age (63 out of 100,000 
among men aged 80–84 years).25 In recent years, the inci-
dence of acute myocarditis has increased from 95 to 144 
out of 1,000,000 people, as a result of improvement in 
diagnostic accuracy.26 According to the Annual of the 
Pathological Autopsy Cases in Japan, 434 cases of symp-
tomatic myocarditis were found among 377,841 autopsy 
cases during the 20 years from 1958, showing a frequency 
of 115 per 100,000 autopsy cases.27 It has been reported 
that cases of asymptomatic myocarditis account for 0.6% 
of autopsy cases of noncardiac death.28

Although the frequency of fulminant myocarditis in 
adult patients with acute myocarditis remains unclear, 
myocarditis was found in 6–10% of autopsy cases of young 
sudden death.2 In addition, features of cardiomyopathy 
and myocarditis overlap, showing active myocarditis and 
borderline myocarditis in 14% and 33%, respectively, of 
patients with dilated cardiomyopathy.29

  ▋ 2.1.1 Myocarditis Associated With COVID-19
Myocarditis associated with COVID-19, a new coronavirus 
infection that has become a global problem since 2019, 
can be divided into myocarditis due to COVID-19 itself 
and that due to COVID-19 vaccine. According to the 
TriNetx (Covid 19-Research network), the incidence of 
COVID-19-related myocarditis is generally reported to be 
0.01% (256/171,481 persons). A meta-analysis of several 

COVID-19 vaccines, including RNA vaccines, showed that 
the frequency of occurrence of myocarditis/pericarditis due 
to vaccines was 2–3 cases per 1,000,000 vaccinations.31

3. Pathophysiology

 ▋3.1 Etiology
Myocarditis is induced mainly by viral infection, but 
there are also other causes such as infection with bacteria 
or other microorganisms, drugs, toxic substances, and 
autoimmunity.

The causal relationship between viruses and myocarditis 
has been investigated for parvovirus B19, human herpes 
virus-6, adenovirus, coxsackievirus B3, etc. Viral genomes 
are found not only in acute myocarditis but also in chronic 
inflammatory cardiomyopathy and dilated cardiomyopathy, 
and even in myocardial tissue in healthy people.32 Viruses 
involved in myocarditis include adenovirus and enterovirus, 
which are likely to cause transitory infection in cardio-
myocytes; parvovirus B19, which is likely to cause persistent 
infection in blood vessels; and herpesvirus, which is likely 
to cause persistent infection in lymphocytes. These viruses 
are classified as those infiltrating the heart and those 
indirectly inducing cardiomyocyte injury through cytokine 
storm or cellular immune response via molecular mimicry.21 
For instance, human immunodeficiency virus, hepatitis C 
virus, influenza A virus, and influenza B virus are viruses 
that cause myocarditis by indirectly activating the immune 
system.

The Coronaviridae family, including SARS-CoV-2 
(COVID-19), has an affinity for angiotensin-converting 
enzyme-2 and may cause direct injury to the myocardium. 
Moreover, coronaviruses are reported to indirectly cause 
myocarditis by inducing an autoimmune reaction to 
components of the heart and by cardiotoxicity via cytokine 
storm, resembling influenza A and B viruses.33

It is speculated that, in myocarditis, autoimmunity-
related myocardial injury occurs because of antigen 
presentation, cytokines, chemokines, T cell activation, 
autoantibody production, etc., derived from direct or 
indirect injury to the myocardium caused by viruses or 
other causes.34 Genetic predisposition may also be involved 
in infection with microorganisms including viruses, onset 
of noninfectious myocarditis, and subsequent immune 
reaction.34

 ▋3.2 Pathophysiology
Myocarditis presents with a wide variety of clinical pictures, 
ranging from asymptomatic to sudden death. However, as 
far as general acute myocarditis is concerned, its funda-
mental disease state and clinical course are relatively simple, 
consisting of 1–2 weeks of an acute phase followed by a 
recovery phase. In myocarditis, myocardial necrosis and 
concurrent cardiomyocyte dysfunction due to inflammatory 
substances result in cardiac pump failure. In most cases, 
this is caused by reversible depression of cardiac function, 
and it is not rare for the ventricle that manifested severe 
loss of systolic function in the acute phase to be restored to 
almost normal. In the repair/scar healing phase, degenerated 
or necrotic myocardial tissue is subjected to the process of 
tissue repair and replacement fibrosis, along with recession 
of the activated immune response.35 Among the cases of 
recovery in cardiac function, there are some in which HF 



Circulation Journal Vol.87, May 2023

684 NAGAI T et al.

develops due to left ventricular diastolic dysfunction 
associated with replacement fibrosis.36

Chronic active myocarditis is attributable to prolonged 
inflammation due to suppression of lymphocyte apoptosis 
induced by myocarditis and the lack of transition from 
cytokine Th1 to Th2 in lesions, under the following condi-
tions: (1) persistent viral infection after acute myocarditis, 
(2) induced autoimmunity after viral infection or other 

triggers, and (3) myocardial injury prolonged by cytokines.
Among all cases of dilated cardiomyopathy, there are 

some in which the disease is considered to be a transition 
from myocarditis (inflammatory dilated cardiomyopathy) 
or where active inflammation of acute myocarditis has 
transitioned to chronic active myocarditis ≥30 days after 
onset (Figure 3).35

II. Diagnosis

1. Signs and Symptoms

 ▋1.1 General Signs and Symptoms of Myocarditis

Signs and symptoms reported by patients provide clues to 
the diagnosis of all diseases and are not restricted to 
myocarditis. However, because there are no myocarditis-
specific signs or symptoms, regardless of the acute or 
chronic phase, it is of primary importance for the first 
physician who encounters the patient to suspect myocarditis, 
consciously considering the diagnosis. Examinations to 
establish the diagnosis are then implemented. In the case 
of viral myocarditis, the key to early detection is to suspect 
myocarditis in patients who present with common cold-like 
symptoms accompanied with chest discomfort and refer 
them for further examination.

  ▋ 1.1.1 Symptoms of Acute Myocarditis
Myocarditis follows a series of processes beginning with 
exposure to the cause (infectious, noninfectious), myocar-
dial injury, immune reaction, and recovery or scarring.37 
Therefore, because there is a wide variation in causation, 
histological severity (location and extent of myocardial 
injury, level of inflammation), and the disease phase at 

onset, signs and symptoms range from asymptomatic to 
sudden death due to cardiogenic shock or lethal arrhyth-
mias.37,38 The clinical course also varies; for example, 
patients may suffer about 2 weeks of common cold-like 
symptoms resulting in spontaneous healing or have 
fulminant myocarditis characterized by a collapse of 
hemodynamics in a short period of time resulting in death. 
Although rare, there may also be some cases in which 
patients follow a subclinical course and remain undiagnosed 
in the clinical setting.

Symptoms of acute myocarditis are mainly divided into 
common cold-like symptoms (respiratory symptoms, 
gastrointestinal symptoms) and cardiac symptoms (chest 
pain, HF, arrhythmias), and they often coexist.

a) Infection-Associated Symptoms
Often common cold-like symptoms (chills, fever, headache, 
muscle ache, joint pain, fatigue), respiratory symptoms 
(sore throat, coughing), or gastrointestinal symptoms (loss 
of appetite, nausea/vomiting, diarrhea) precede cardiac 
symptoms, which occur several days or weeks later. The 
preceding common cold-like symptoms have been reported 
in 36–89% of patients in whom myocarditis was confirmed 
by biopsy.39–41

Persistent 
inflammation in 
myocardial tissue

No persistent 
inflammation in 
myocardial tissue

Genetic background

Acute myocarditis

Post-myocarditis 
cardiomyopathy

Chronic active myocarditis
Chronic inflammatory cardiomyopathy
(Inflammatory dilated cardiomyopathy)

Persistent T-cell activation
Autoantibody production

Cardiomyocyte death, cytokine production, immune system activation

Microbial infection
(viruses, bacteria, fungi, etc.)

Not related to infection
(toxic agents, drugs, autoimmunity, etc.)

Figure 3.  Pathophysiology of myocarditis.
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b) Chest Pain
Patients frequently complain of anterior chest pain, which 
occurs 1–4 weeks after the occurrence of common cold-like 
symptoms, with a reported frequency of 32–95%.40,42–49 
Chest pain may suggest concomitant pericarditis. The 
chest pain due to pericarditis is a sharp heartburn-like 
pain, characterized by aggravation on inhalation and 
coughing, and alleviation with the head bent forward in a 
sitting position. The chest pain may resemble anginal pain, 
and differential diagnosis from acute myocardial infarction 
may be considered.50–52 The chest pain may also occur with 
microvascular dysfunction or coronary artery spasm 
related to myocarditis.53

c) Symptoms of Heart Failure
Fatigue at rest or during exercise, exercise intolerance, etc., 
are observed. Upon disease progression, symptoms of left 
HF, such as a feeling of difficulty in breathing and orthopnea 
occur, with a reported frequency of 19–72%.40,42–49 Patients 
may notice symptoms of right HF, such as peripheral 
edema or loss of appetite.

d) Symptoms of Arrhythmias
These symptoms include palpitations derived from atrio-
ventricular extrasystoles or tachyarrhythmias and syncope 
derived from tachyarrhythmias or conduction disturbance. 
Sudden death may occur due to lethal arrhythmias. The 
frequencies of palpitation and syncope are reported to be 
6–25%.40,42–49 It has also been reported that myocarditis 
was found in 6–14% of autopsy cases of sudden death 
without any known cardiac disease.54–59 Sudden death 
occurs more frequently in young individuals than in older 
adults.60

  ▋ 1.1.2 Signs of Acute Myocarditis
Fever and tachycardia are signs reflecting infection.

As for HF, tachycardia, hypotension, and cold peripheral 
extremities are signs of low cardiac output and hypoxemia, 
the 3rd or 4th heart sound (gallop rhythm), and moist rales 
are signs of left HF. In addition, jugular venous distention, 
hepatomegaly, and peripheral edema may also occur as 
signs of right heart failure. If functional regurgitation 
occurs in the mitral valve or tricuspid valve, together with 
enlargement of the left or right ventricle, systolic regurgitant 
murmurs will be heard. If inflammation extends to the 
epicardium to cause pericarditis, pericardial friction 
sound may be heard as a scratching or gritty sound most 
commonly when the membrane surface of the stethoscope 
is placed near the left sternum.3 When heart sounds are 
reduced, it may reflect retention of pericardial fluid or a 
marked decrease in cardiac performance (i.e., circulatory 
collapse).

Pulse abnormalities (irregularity, bradycardia, tachycardia) 
are findings suggestive of arrhythmias.

 ▋1.2  Signs and Symptoms of Chronic Active 
Myocarditis and Chronic Inflammatory 
Cardiomyopathy

As a result of myocardial injury that has occurred and 
progressed clinically or subclinically, the aforementioned 
signs and symptoms associated with heart failure and 
arrhythmias occur.

 ▋1.3  Signs and Symptoms According to Medical 
History, and Etiology of the Disease

Although myocarditis is derived from various causes, its signs 
and symptoms may be characteristic of certain causes, and 
thus may provide a clue to the underlying disease.

Hypersensitivity myocarditis and eosinophilic myocar-
ditis (EM) may be accompanied by pruritic eruption.61 
Autoimmune disease may present with characteristic skin 
rash.62 Rheumatic fever caused by group A Streptococcus 
may present with fever, polyarthralgia, chorea minor, 
subcutaneous nodules, and eruption (erythema margin-
atum) (Jones diagnostic criteria for rheumatic fever).63 
Sarcoidosis may provide a wide variety of symptoms 
including respiratory, dermal, and ocular symptoms.64

With regard to medical history, verification of histories 
of medication (including the use of immune checkpoint 
inhibitors), ingestion of harmful substances, exposure to 
infectious materials (including travel history), autoimmune 
disease, vaccination, etc., may lead to a diagnosis. If the 
clinical course is prolonged, the possibility of cardiac 
sarcoidosis or giant cell myocarditis (GCM) should be 
considered.

 ▋1.4 Signs and Symptoms and Prognosis (Table 10)
In patients presenting with HF at the initial examination, 
the risk of cardiac death or the need for heart transplanta-
tion will be significantly high.65 It has been reported that the 
risk of cardiac death or the need for heart transplantation 
is significantly higher in patients in stage III–IV of the New 
York Heart Association (NYHA) classification than in 
those in NYHA stage I–II.66

In addition to cardiac symptoms, noncardiac symptoms 
may be also associated with worse outcomes. It has been 
reported that stage 3 of the Acute Kidney Injury Network 
(AKIN) classification67 is associated with increased in-
hospital deaths.68 It is also reported that the patients with 
higher organ damage scores, such as the Sequential Organ 
Failure Assessment (SOFA) score69 (≥4), Acute Physiology 
and Chronic Health Evaluation (APACHE) IV score 
(≥23), and Simplified Acute Physiology Score (SAPS) II 
score (≥17), have significantly higher short-term mortality 
rates than those with lower scores.69,70

Table 11 shows the recommendations and levels of 
evidence for obtaining the medical history in the diagnosis 
of myocarditis.

2. Electrocardiography

Electrocardiography (ECG) is a simple and noninvasive 
examination, and its use is recommended for patients 
suspected of myocarditis, although there are no ECG 
findings specific to myocarditis, and the sensitivity of ECG 
is not necessarily high (47–85%).43,45,71,72

 ▋2.1 ECG Findings of Acute Myocarditis

In myocarditis, myocardial injury occurs together with 
exposure to the causal agent and immune reaction. There-
fore, various ECG abnormalities and arrhythmias occur 
according to the location, and extent of myocardial injury 
(Figure 4).
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Table 10. Signs and Symptoms, and Prognosis

Suggestive of  
favorable prognosis Suggestive of poor prognosis

 Signs and  
symptoms

•  NYHA I–II66 •  Heart failure presentation at onset65

•  NYHA III–IV66

•  Acute kidney injury (AKIN stage 3)68

•   High values of SOFA, APACHE IV, and SAPS II scores on admission (SOFA score ≥4, 
APACHE IV score ≥23, SAPS II score ≥17)69,70

NYHA, New York Heart Association. (Source: Prepared based on Grün S, et al. 2012,65 Kindermann I, et al. 2008,66 Yang YW, et al. 2012,68 
Vincent JL, et al. 1996,69 Sun D, et al. 2017.70)

Table 11. COR and LOE for Obtaining Medical Examination and History in Diagnosis of Myocarditis

COR LOE GOR 
(MINDS)

LOE 
(MINDS)

Fever and tachycardia should be checked as signs of infection I C C1 IVb

Following signs suggesting heart failure should be checked: 
    •  Low cardiac output (tachycardia, hypotension, cold extremities)
    •  Left-sided heart failure (hypoxemia, 3rd or 4th heart sound, moist rales)
    •   Right-sided heart failure (jugular venous distention, hepatomegaly, 

peripheral edema)

I C C1 IVb

 Abnormal pulse (bradycardia, tachycardia) indicating arrhythmia should be 
checked I C C1 IVb

 Myocarditis should be suspected in patients who have common cold-like 
symptoms (respiratory symptoms, gastrointestinal symptoms) followed by 
signs and symptoms associated with heart failure or arrhythmias, and the 
following should be verified: 
    •  Time of onset and course of symptoms
    •  Skin rash (including insect bites)
    •  History of medication, vaccination, and ingestion of harmful materials
    •  Recent travel history
    •  Past history of autoimmune disease

I C C1 IVb

COR, class of recommendation; GOR, grade of recommendation (Medical Information Network Distribution Service 
[MINDS]); LOE, level of evidence (MINDS).

Figure 4.  ECG findings of acute myocarditis and acute pericarditis. (A) Acute myocarditis. Concave ST elevation appears in leads 
I, II, III, aVL, sVF, V1–6. (B) Acute myocarditis. In addition to ST elevation in leads II, III, aVF, V1–3, prolonged QRS duration (left 
bundle branch block), abnormal Q wave (II, III, aVF), and decreased R wave height (V1–3) are observed. (C) Acute myocarditis. 
ST elevation (V2–4) and negative T wave (V3–6) appear only in the precordial leads. Differential diagnosis from acute myocardial 
infarction may be considered. (D) Acute pericarditis. In addition to ST elevation in leads I, II, III, aVL, aVF, V2–6, there is a 
decreased PR interval in limb leads (except for increased PR interval in aVR).
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Specifically, various abnormalities, such as decreased R 
wave height, abnormal Q wave, ST-T abnormality, 
decreased voltage, sinus arrest, conduction abnormalities 
(atrioventricular block, bundle branch block, intraven-
tricular conduction defect), asystole, sinus tachycardia, 
and atrial or ventricular arrhythmias (supraventricular 
premature beats, atrial fibrillation, ventricular premature 
beats, ventricular tachycardia, ventricular fibrillation) are 
observed. ST-T abnormality shows the highest frequency 
among all ECG abnormalities.71–73 Table 12 shows the ECG 
abnormalities and their frequencies in acute myocarditis, 
based on studies in 270 Japanese,42 274 Chinese,74 18675 
and 8471 German, and 4272 and 58776 Italian patients.

In acute myocarditis showing cardiogenic shock, it is 
reported that the frequencies of ventricular tachycardia, 
prolonged PR interval, prolonged QRS duration, abnormal 
Q wave, ST elevation, ST depression, negative T wave, and 
advanced atrioventricular block are higher than with 
noncardiogenic shock.77 Conversely, it has been reported 
that myocarditis was found in 6% of patients who had 
atrioventricular block of unknown etiology.78

Even if the initial ECG changes are slight, abnormal 
findings may become more apparent, or new abnormal 

findings may occur, with the progression of the disease 
state (Figure 5). Therefore, patients diagnosed as having 
myocarditis should undergo repeated ECG to avoid 
overlooking signs of aggravation and should monitor ECG 
to detect lethal ventricular arrhythmias or conduction 
disturbances in the early stage.

 ▋2.2 Differentiation From Acute Coronary Syndrome
PR depression (except for increased PR in the aVR lead) is 
commonly observed in cases accompanied by pericarditis, 
but is rare in acute coronary syndrome. ST elevation is 
concave in cases of typical myocarditis and is seen in 
extended leads in a manner inconsistent with coronary 
artery supply and often not accompanied by reciprocal 
changes. On the other hand, ST elevation is often convex 
in ST-elevation acute myocardial infarction. However, 
localized ST elevation may also occur in cases of acute 
myocarditis, closely resembling that of ST-elevation acute 
myocardial infarction. In addition, acute myocarditis often 
shows T wave inversion after normalization of ST elevation, 
whereas coexistence with ST elevation is often seen in 
ST-elevation acute myocardial infarction.38

Table 12. ECG Abnormalities in Acute Myocarditis

Frequency

Overall42,71,72,74–76 Noncardiogenic  
shock77

Cardiogenic  
shock77

Rhythm disturbance

   Supraventricular premature beats   2–10%

  Supraventricular tachycardia 1–3%

  Atrial fibrillation   3–14%

  Ventricular premature beats 10–19%

  Ventricular tachycardia 6–9%

  Ventricular arrhythmias 6% 50%

Morphological abnormality

  PR depression 2%

  Decreased voltage   9–16%

  Decreased R wave height 10%

  Abnormal Q wave   2–63% 12%　　 75%

Repolarization abnormality

  ST elevation   5–48% 19%　　 60%

  ST depression   2–18% 10%　　 40%

  Negative T wave 25–48% 23%　　 80%

Conduction disturbance

  Sinus arrest 2%

  Atrioventricular block

    PR ≥200 ms   4–11% 6% 50%

    Complete atrioventricular block   1–26% 8% 40%

  QRS ≥120 ms 12–25% 9% 70%

    Right bundle branch block   4–17%

    Left bundle branch block   4–18%

    Intraventricular conduction defect 2%

  QTc ≥440 ms 22–34%

(Source: Prepared based on Kawamura K, et al. 1986,42 Deluigi CC, et al. 2013,71 Morgera T, et al. 1992,72 Chen J, 
et al. 2020,74 Ukena C, et al. 2011,75 Fischer K, et al. 2020,76 Yang D, et al. 2020.77)
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 ▋2.3  ECG Findings of Chronic Active Myocarditis and 
Chronic Inflammatory Cardiomyopathy

Various findings are obtained due to persistent myocardial 
inflammation and scar following the improvement of 
inflammation.79,80 Sustained ventricular tachycardia derived 
from myocardial scar may be observed.81,82

 ▋2.4 ECG Findings and Etiology of Myocarditis
Etiological characteristics of arrhythmias may be present, 
and in some cases, the etiology of the disease can be 
presumed from the ECG findings/arrhythmias.

Advanced atrioventricular block, which may be also 
observed in lymphocytic myocarditis, occurs at a relatively 
high frequency in cardiac sarcoidosis, GCM, EM, Lyme 
disease, and immune checkpoint inhibitor-related myocar-
ditis.3,83–88 It has also been reported that, among patients 
younger than 55 years with atrioventricular block, cardiac 
sarcoidosis or GCM accounted for 25%,84 and that 42% of 

patients with Lyme disease myocarditis developed advanced 
atrioventricular block.86

Sustained ventricular tachycardia is observed at a rela-
tively high frequency in patients with GCM (29%),89 and 
cardiac sarcoidosis (55%).90

 ▋2.5 ECG Findings and Prognosis (Table 13)
Prolonged QRS duration (≥120 ms),75,91 left bundle branch 
block,72,92 abnormal Q wave,93 and advanced atrioventricular 
block or sustained ventricular tachycardia94–96 are signifi-
cantly associated with cardiac death or heart transplantation. 
In addition, prolonged QTc interval (≥440 ms) is associated 
with poor prognosis because of the potential risk of life-
threatening arrhythmias.75

In contrast, the absence of ECG abnormalities or the 
presence of pericarditis-like ST elevation is associated with 
a favorable prognosis.97

Table 14 shows the recommendations and levels of 
evidence for ECG in the diagnosis of myocarditis.

Figure 5.  Representative changes in ECG findings in fulminant myocarditis. (A) Three days after onset. ST elevation in leads I, 
aVL, V1–6, abnormal Q wave in leads I, aVL, decreased R wave height in leads V1–5, and ST decrease in leads II, III, aVF. (B) 
Four days after onset. ST elevation in extended leads is enhanced, and prolonged QRS duration (right bundle branch block) is 
present. (C) Five days after onset. ST elevation in precordial leads is further enhanced, and QRS duration is also further increased. 
(D) Three hours after C ST elevation in precordial leads is prolonged, and complete atrioventricular block has appeared.

Table 13. ECG Findings and Prognosis

Suggestive of favorable prognosis Suggestive of poor prognosis

ECG •   No abnormal ECG findings •   Prolonged QRS duration (≥120 ms)75,91

•  Pericarditis-like ST elevation •  Left bundle branch block72,92

•  Abnormal Q wave93

•   Prolonged QTc interval (≥440 ms)75

•   Advanced atrioventricular block94,95

•   Sustained ventricular tachycardia94,95

ECG, electrocardiography. (Source: Prepared based on Morgera T, et al. 1992,72 Ukena C, et al. 2011,75 Ammirati E, 
et al. 2019,91 Magnani JW, et al. 2006,92 Nakashima H, et al. 1998,93 Ogunbayo GO, et al. 2019,94 Adegbala O, et al. 
2019.95)
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3. Blood Tests

Blood tests should be performed in patients suspected of 
myocarditis based on signs and symptoms. Although there 
are no specific blood tests or biomarkers for the diagnosis of 
myocarditis, the use of inflammatory markers, myocardial 
injury markers, or HF markers helps make a diagnosis.

 ▋3.1 Blood Tests for Myocarditis
  ▋ 3.1.1 Inflammatory Markers

In acute myocarditis, inflammatory markers such as white 
blood cells, C-reactive protein (CRP), and the erythrocyte 
sedimentation rate (ESR) are increased, but their diagnostic 
value is low because of low specificity.98–100 Although it is 
reported that ESR or CRP is increased in 80–99% of 
patients,43,44 myocarditis cannot be excluded even when 
values are within the normal ranges.38,101 Because these 
inflammatory markers are acute-phase reactants, they 
allow monitoring of the progression of the disease state 
and reactions to the treatment.

  ▋ 3.1.2 Myocardial Injury Markers
In acute myocarditis, levels of aspartate aminotransferase 
(AST), lactate dehydrogenase (LDH), creatine kinase 
myocardial bound (CK-MB), and cardiac troponin 
(troponin T, troponin I), are increased, reflecting myocar-
dial injury.102,103 It should be noted that the diagnostic 
sensitivity based on myocardial injury markers varies 
according to the time from onset to examination and the 
cutoff value used.

Regarding cardiac troponin, the diagnostic sensitivity is 
83% and specificity is 80% at a cutoff value of 0.05 ng/mL 
for high-sensitivity cardiac troponin T.104 This level 
increases within several hours after the occurrence of 
myocardial injury, and allows detection of minor myocar-
dial injury. Cardiac troponins have a higher diagnostic 
sensitivity than CK-MB, sharply reflecting myocardial 
injury.102,103,105,106 In addition, because cardiac troponin 
increases shortly after the onset of myocarditis, it is useful 
for early diagnosis of myocarditis,44,103,107 and thus its 
measurement is recommended. A sustained increase in 
cardiac troponin suggests the progression of myocardial 
injury. Because cardiac troponin reflects the status of 
myocarditis, it is expected that measurement of cardiac 
troponin will help judge the therapeutic effect and make an 
early diagnosis of prolongation or recrudescence of 
myocardial inflammation suggestive of chronic active 
myocarditis. However, cardiac troponin is insufficient to 
distinguish between ischemic cardiomyocyte injury and 
inflammatory cardiomyocyte injury; moreover, it may 
increase in some other diseases. It is reported that diagnostic 

sensitivity decreases over time, reaching a markedly low 
level after 13 days of onset of myocarditis symptoms.104 
Therefore, myocarditis may not be excludable even when 
a normal value is obtained.108,109

Among cases of chronic myocarditis, high-sensitivity 
cardiac troponin ≥0.05 ng/mL was found only in 17% of 
cases, and there was no significant difference from 
nonmyocarditis cases in which no inflammation was 
detected by endomyocardial biopsy.104 However, because 
a sustained increase in cardiac troponin suggests the 
progression of myocardial injury, it may reflect disease 
activity.110

  ▋ 3.1.3 Heart Failure Markers
B-type natriuretic peptide (BNP) and N-terminal pro BNP 
(NT-proBNP) are biomarkers that indicate elevation of 
ventricular filling pressure, and myocarditis cannot be 
excluded even when their values are normal.111 However, 
because their diagnostic sensitivity is high at the initial 
examination of HF,112 it is recommended to perform this 
examination in patients with suspected HF. In low cardiac 
output syndrome, levels of serum urea nitrogen, creatinine, 
liver transaminase, and lactate are elevated as a result of 
organ failure.113

 ▋3.2 Etiology-Related Blood Tests
Blood test findings characteristic of the etiology are 
obtained in some cases, and, therefore blood tests may 
allow identification of the cause of the disease.

  ▋ 3.2.1 Infectious Disease Tests (Viral, Nonviral)
Viral tests target various viruses, such as enterovirus, 
including group B coxsackievirus, adenovirus, parvovirus, 
influenza virus, respiratory syncytial virus, hepatitis virus 
[hepatitis A virus (HAV); hepatitis C virus (HCV)], human 
immunodeficiency virus (HIV), herpes simplex virus, 
cytomegalovirus, Epstein-Barr virus (EBV), measles virus, 
rubella virus, and mumps virus. Viral tests examine viral 
cultures and levels of virus antibodies. Viruses are isolated 
from the blood, tracheal secretion, urine, feces, etc., in the 
initial phase of onset.114 It should be remembered that 
positive viral cultures may not necessarily indicate infection 
in the myocardium. If viral cultures are negative, measure-
ment of the levels of viral antibodies helps diagnosis. 
Specific immunoglobulin (Ig) M and IgG should be deter-
mined at an interval of at least 2 weeks as neutralizing 
antibodies in the acute and recovery phases. Elevation of 
the level of specific IgM antibody is useful for identifying 
viral infection.115 Although there is the view that a ≥4-fold 
increase in the specific IgG antibody level from the acute 
to recovery phase is useful,116 it is often not very useful for 
identifying the virus because the prevalence of virus-specific 

Table 14. COR and LOE for ECG in Diagnosis of Myocarditis

COR LOE GOR 
(MINDS)

LOE 
(MINDS)

 12-lead ECG should be performed in all patients suspected of myocarditis 
based on signs and symptoms I C B IVb

 Periodic 12-lead ECG and 24-h ECG monitoring should be performed in 
patients diagnosed with acute myocarditis I C B IVb

COR, class of recommendation; ECG, electrocardiogram; GOR, grade of recommendation (Medical Information 
Network Distribution Service [MINDS]); LOE, level of evidence (MINDS).
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IgG antibody is high in the general population.117 Notably, 
viral serological tests are not associated with detection of 
viral genomes by polymerase chain reaction (PCR) of 
endomyocardial biopsy tissue.101 Therefore, it is not 
recommended to routinely perform assay of viral antibody 
titers in the acute and recovery phases, although such 
assays may help diagnose HCV or HIV infection.3 More-
over, PCR tests of nasal/throat swabs or airway secretions 
allow identification of influenza virus, adenovirus, and 
SARS-CoV-2. It is recommended to perform such PCR 
tests in patients with suspected symptoms of infection.

As for nonviral tests, blood cultures and antibody tests 
for Lyme disease (Borrelia) are reported to be useful.3

  ▋ 3.2.2 Eosinophil Count
The eosinophil count in the peripheral blood increases in 
most cases of EM, hypersensitivity myocarditis (drugs, 
vaccines), and parasitic infection.3,100 Eosinophils in the 
peripheral blood were increased in 75.9% of patients with 
EM.100

  ▋ 3.2.3 Autoantibodies
Patients with autoimmune disease (e.g., scleroderma, 
systemic lupus erythematosus, polymyositis, granulomatosis 
with polyangiitis) may have myocarditis (collagen disease-
related myocarditis). Therefore, when there are systemic 
signs and symptoms, it is useful to assay autoantibodies 
(antinuclear antibody, anti-Scl-70 antibody, anti-ds-DNA 
antibody, anti-Jo-1 antibody, c-ANCA, etc.).3,118–123

 ▋3.3 Blood Test Findings and Prognosis (Table 15)
There is a report documenting that peak levels of CK-MB 
≥29.5 ng/mL in patients with acute myocarditis or fulminant 
myocarditis predict in-hospital death with a sensitivity of 
83% and specificity of 73%.124

Although a large increase in cardiac troponin is consid-
ered to be a factor of poor prognosis because it suggests 
severe myocardial disorder, a mild increase is not necessarily 
associated with favorable prognosis.125 An early increase 
and early decrease of cardiac troponin suggest disappear-
ance or attenuation of the inflammatory process, and the 
prognosis in cases that follow such a process is reported 
to be favorable.126 However, sustained high levels or re-
elevation of cardiac troponin suggest persistence or 
recurrence of myocardial injury (chronic active myocarditis), 
implying a relation with poor prognosis.126

Peak levels of NT-proBNP of ≥4,225 pg/mL are associ-
ated with the occurrence of heart transplantation or 
cardiac death.104 Furthermore, increased serum levels of 

tumor necrosis factor-α (TNFα),127 interleukin (IL)-1β,128 
IL-10,127 and Fas ligand,129 which are inflammatory cyto-
kines, predict an increased risk of death in patients with 
acute myocarditis. High levels of TNFα and Fas ligand are 
associated with poor recovery of the left ventricular ejection 
fraction (LVEF) at 6 and 12 months.130 It is also reported 
that there is marked depression of cardiac function in the 
acute phase in patients with acute myocarditis showing 
high levels of IL-6.131

 ▋3.4 Blood Tests for Practical Use in the Future
At present, there are no specific diagnostic markers available 
for myocarditis, but some markers shown below are 
reported to be expected for practical use.

  ▋ 3.4.1 Anti-heart Autoantibodies
In patients with myocarditis, cardiac-specific autoantibodies 
(anti-heart autoantibodies) are found in the peripheral 
blood.132 In genetically highly sensitive patients, the 
expression of anti-heart autoantibodies is considered to be 
the result of induction of autoimmunity during the process 
of immune reaction to eliminate the causal agent.3 In fact, 
in cases of myocarditis and dilated cardiomyopathy there 
can be anti-heart autoantibodies against various tissues, 
including contractile structure (myosin), extracellular 
matrix (laminin), proteins involved in energy metabolism 
and conduction, ion channel/transporter, and sarcomere 
receptor.133–139 Anti-heart autoantibodies are observed in 
up to 60% of all patients with myocarditis in the chronic 
phase.21 Conversely, the corresponding percentage is ≈1% 
in those with heart disease without myocarditis and ≈3% in 
healthy persons.140 Therefore, their application to screening 
for myocarditis is expected.

The association between the presence of anti-heart 
autoantibodies and prognosis has also been reported. In 
acute myocarditis, their presence may predict cardiac 
death or the need for heart transplantation,141 whereas in 
chronic myocarditis, they are associated with future 
aggravation of cardiac function and transition to dilated 
cardiomyopathy.142 In patients who have anti-myosin 
antibody, improvement of left ventricular contraction and 
dilation is poor.142 The presence of anti-β adrenaline receptor 
antibody is associated with a high risk of cardiac death or 
heart transplantation.143

  ▋ 3.4.2 MicroRNA
MicroRNAs (miRNAs) are single-stranded, non-coding 
RNAs that are not translated to protein, and act on 
protein-coding mRNA and regulate gene expression.144 

Table 15. Blood Tests and Prognosis

Suggestive of  
favorable prognosis Suggestive of poor prognosis

Blood tests •   Early decrease in 
cardiac troponin

•  High levels of inflammatory cytokines (TNFα,127 IL-1β,128 IL-6,131 IL-10,127 Fas ligand129)

•  High levels of peak CK-MB (≥29.5 ng/mL)124

•  Persistently high levels or re-elevation of cardiac troponin126

•  High NT-pro BNP levels (≥4,225 pg/mL)104

•   Positive for anti-cardiac autoantibody (anti-myosin antibody,142 anti-β adrenalin receptor 
antibody143)

(Source: Prepared based on Ukena C, et al. 2014,104 Park JP, et al. 2009,124 Ammirati E, et al. 2021,126 Nishii M, et al. 2004,127 Anker SD, et al. 
2004,128 Fuse K, et al. 2000,129 Amioka N, et al. 2021,131 Lauer B, et al. 2000,142 Störk S, et al. 2006.143)
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They are involved in not only the differentiation, prolifera-
tion, and apoptosis of the heart cells but also in various 
diseases including cardiovascular disease,145,146 while having 
an influence on myocardial injury and inflammation. In 
addition, miRNAs are divided into 2 types: intracellular 

miRNA, which is identified by endomyocardial biopsy, 
and circulating miRNA, which is detected in the blood.

Differences in miRNA expression between ischemic HF 
and nonischemic HF have been reported.147 In viral acute 
myocarditis, miRNA expressed in myocardial tissue is 

Table 16. COR and LOE for Blood Tests in the Diagnosis of Myocarditis

COR LOE GOR 
(MINDS)

LOE 
(MINDS)

 White blood cell count (including differential count) and CRP should be 
assessed in all patients suspected of myocarditis from signs and symptoms I C B IVb

 Follow-up of white blood cell count (including differential count) and CRP can 
be considered in patients diagnosed with myocarditis IIa C C1 V

 CK-MB and cardiac troponin should be assessed in all patients suspected of 
myocarditis from signs and symptoms I C B IVb

 Serial changes on CK-MB and cardiac troponin should be assessed in 
patients diagnosed with myocarditis I C B IVb

 B-type natriuretic peptide (BNP) or NT-proBNP should be assessed in patients 
with myocarditis possibly accompanied by heart failure I C B IVb

 Hepatic function, renal function, electrolytes, and lactate should be assessed 
in patients with myocarditis possibly accompanied by heart failure I C B IVb

 Relevant autoantibodies should be assessed in patients with myocarditis 
possibly accompanied by autoimmune disease I C B IVb

 Routine viral serological tests to identify the causal virus are not recommended 
for patients with myocarditis

III (No 
benefit) C C2 IVb

CK-MB, creatine kinase myocardial bound; CRP, C-reactive protein; COR, class of recommendation; GOR, grade of 
recommendation (Medical Information Network Distribution Service [MINDS]); LOE, level of evidence (MINDS); 
NT-proBNP, N-terminal proBNP.

Figure 6.  Echocardiographic images 
of acute myocarditis. (A) Parasternal 
left ventricular long- and short-axis 
views (end-diastolic) in the acute 
phase: The left ventricular wall is 
thickened in a diffuse and edematous 
manner, showing a narrowed chamber 
and pericardial fluid retention. (B) 
Parasternal left ventricular long- and 
short-axis views (end-diastolic) in the 
recovery phase (8 days after A): 
Although there is remaining pericar-
dial effusion, the edematous thickening 
of the left ventricular wall is markedly 
improved.
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different from that in healthy persons.148 An increase in 
blood miRNA in relation to damage to cardiomyocytes is 
observed in patients with acute myocarditis.149,150

It is noteworthy that miRNA in the blood is useful for 
differentiating between acute myocarditis and acute 
myocardial infarction.151 In that study,151 a certain miRNA 
synthesized by type 17 helper T (Th17) cells was observed 
in the blood in a mouse model of autoimmune myocarditis, 
whereas no such miRNA was found in a model of myocar-
dial infarction. In humans, the quantity of miRNA 
expression was found to be higher in patients with acute 
myocarditis than in healthy persons or in patients with 
acute myocardial infarction. Thus, the expression of 
miRNA allows differentiation of acute myocarditis from 
acute myocardial infarction with an accuracy of ≈93%, and 
from a healthy status with an accuracy of ≈100%.

Table 16 shows the recommendations and levels of 
evidence for blood tests in the diagnosis of myocarditis.

4. Echocardiography

Transthoracic echocardiography is an essential examination 

both when acute myocarditis is suspected and after the 
diagnosis is made.152 The echocardiographic features of 
myocarditis are described below.

 ▋4.1 Acute Myocarditis
Typical findings are wall thickening and decreased wall 
motion consistent with that of the site of inflammation in 
the myocardium, narrowing of the cardiac chamber, and 
pericardial effusion153–156 (Figure 6A). Ventricular wall 
thickening and decreased wall motion are transient changes 
reflecting myocardial interstitial edema or inflammatory 
cell infiltration and will often improve in the recovery phase 
following the acute phase (Figure 6B). Left ventricular wall 
motion decreases diffusely when myocardial inflammation 
extends to a wide area. However, when inflammation is 
localized, there is localized asynergy inconsistent with 
coronary artery supply. In the initial stage of the disease, 
the decrease in left ventricular wall motion may be incon-
spicuous even when there is left ventricular diastolic 
dysfunction;157 however, as rapid deterioration of wall 
motion may occur, serial monitoring is required. Intra-
cardiac thrombosis may occur if the left ventricular systolic 
function is severely compromised,156 and thus caution is 
required not to overlook the lesion (Figure 7). Enlargement 
of the left ventricular cavity will not occur or is very 
slight,156 and the cardiac chamber will be narrowed if there 
is severe myocardial wall thickening due to inflammation.

In addition to assessment of the left ventricular diameter 
and LVEF, right ventricular systolic function should also 
be assessed in terms of right ventricular size, tricuspid 
annular plane systolic excursion (TAPSE), tricuspid systolic 
velocity (RV s′), right ventricular fractional area change 
(RVFAC), etc. Assessment of these indices over time 
allows an understanding of the changes in pathological 
condition and therapeutic effect.

Pericardial fluid is secreted from the pericardium and in 
pericarditis accompanying myocarditis, and it is observed 
in most cases of acute myocarditis. Because cardiac 
tamponade may occur during the course of illness, it is 
necessary to use echocardiography to check for temporal 
changes in the pericardial fluid and findings of early 
diastolic collapse of the right ventricular free wall suggesting 
cardiac tamponade (Figure 8). Highly sensitive indices of 
systolic and diastolic functions provided by new diagnostic 
imaging techniques such as tissue Doppler imaging158 and 
strain imaging159 often reveal abnormalities, but they lack 

Figure 7.  Apical thrombus.

Figure 8.  Early diastolic collapse of 
the right ventricular free wall observed 
in cardiac tamponade.
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disease-specificity.
Among parameters obtained by echocardiography, 

LVEF <50% on admission could be a prognostic factor 
related to the appearance of HF after admission, life-
threatening arrhythmias, and in-hospital death,45 but it 
remains difficult to determine the prognosis, including 
fulminant changes, for patients at early onset of acute 
myocarditis.61 It is important to assess cardiac function and 
hemodynamics repeatedly during the therapeutic process.

 ▋4.2  Chronic Active Myocarditis and Chronic 
Inflammatory Cardiomyopathy

The echocardiographic findings of chronic active myocar-
ditis and chronic inflammatory cardiomyopathy mostly 
include impaired left ventricular systolic function and 
increased left ventricular diameter, giving a dilated cardio-
myopathy-like morphology of the heart.61 Therefore, it is 
difficult to achieve a diagnosis based only on echocardio-
graphic findings.

Based on the above, Table 17 shows the recommendations 
and levels of evidence for transthoracic echocardiography 
in myocarditis.

5. Cardiac MRI

 ▋5.1  Criteria for Diagnostic Imaging Using Cardiac 
MRI in the Diagnosis of Myocarditis

Cardiac MRI allows noninvasive assessment of myocardial 
morphology, wall motion, and histological changes and is 
useful for differentiating between ischemic and nonischemic 
cardiomyopathy in patients who are clinically suspected of 
having acute myocarditis.160

In 2009, the criteria for diagnostic imaging of myocarditis 
using cardiac MRI were proposed as the Lake Louise 
Criteria (LLC 2009).161 According to these, among early 
gadolinium enhancement (EGE) and late gadolinium 
enhancement (LGE) images of the 3 conditions [i.e., (1) 
hyperemia, (2) tissue edema, and (3) necrosis/fibrosis], the 
presence of 2 positive findings leads to a diagnosis of 
myocarditis,161 with a diagnostic sensitivity and specificity 
of 74% and 86%, respectively.162 Thereafter, evidence 
concerning the assessment of myocardial injury using T1/
T2 mapping to obtain signal values of the myocardium 
itself and using extracellular volume (ECV) has accumu-
lated. Because EGE images were not generally taken and 
it was apparent that exclusion of EGE caused no decrease 
in diagnostic performance from the original LLC,163 the 
criteria were revised in 2018118 and mainly divided into 
diagnostic imaging criteria for T2-based images to examine 

myocardial edema and those for T1-based images to examine 
myocardial injury (Table 18, Figure 9).

In LLC 2018, myocardial inflammation is strongly 
suspected when the following 2 categories of cardiac MRI 
are both positive in patients whose clinical pretest proba-
bility is high.
(1)  There are positive findings on T2-weighted images or 

T2 mapping as markers of myocardial edema.
(2)  There is at least 1 positive finding among LGE, T1 

mapping, and ECV as markers of (nonischemic) 
myocardial injury.

In cases of only one criterion being met, it helps diagnose 
myocardial inflammation, but the specificity is low. 
Subsidiary criteria include myocarditis-associated pericar-
dial effusion as observed on T2-weighted images, cine MRI 
images, etc., and the presence of left ventricular systolic 
dysfunction.

When LLC 2018 is used, the sensitivity is 87.5%, and the 
specificity 96.2%, which are higher values than the 72.5% 
sensitivity and 96.2% specificity of LLC 2009.164 When 
assessing cardiac MRI images, it is necessary to exclude the 
presence of ischemic cardiomyopathy and nonischemic 
myocardial disease.118 When quantitative assessment of 
mapping or LGE imaging is implemented, myocardial 
segments of poor image quality, such as artifacts, should 
be excluded from the analysis, and software that allows 
measurement of signal intensity in any region of interest or 
signal values in T1 and T2 mapping should be used.

Regarding the relationship between the time of onset 
and imaging findings, myocardial edema in fulminant 
myocarditis persists for 4 weeks after onset.2,165 Therefore, 
it is desirable to perform cardiac MRI within 2–3 weeks 
after onset to achieve highly reliable assessment of active 
inflammation.2,165 Because it is known that the diagnostic 
performance of cardiac MRI is decreased in patients in the 
chronic phase of myocarditis ≥3 months after onset,118,166,167 
caution is required when diagnosing such patients.

 ▋5.2 Cardiac MRI for Cardiac Tissue Assessment
  ▋ 5.2.1 Assessment of Myocardial Injury by LGE Imaging

In areas where myocardial necrosis or fibrosis has occurred 
due to inflammation, the signal appears to be higher than 
in normal myocardial areas, reflecting the distribution of 
the contrast agent in the increased extracellular fluid space. 
To visualize abnormal myocardium as a high signal, it is 
necessary to wait until the contrast agent is washed out of 
the extracellular fluid fraction of the normal myocardium 
after administration of the contrast agent (in general, 
10 min after administration) to produce a high contrast 
between normal and abnormal myocardium. It is also 

Table 17. COR and LOE for Transthoracic Echocardiography in Myocarditis

COR LOE GOR 
(MINDS)

LOE 
(MINDS)

 Transthoracic echocardiography should be performed to diagnose acute 
myocarditis I C B IVa

 Time-course changes in echocardiographic findings in acute myocarditis 
should be observed, and fulminant changes and improvement of the 
pathological condition should be assessed

I C B IVa

COR, class of recommendation; GOR, grade of recommendation (Medical Information Network Distribution Service 
[MINDS]); LOE, level of evidence (MINDS).
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necessary to set the inversion time at the null point of the 
signal of normal myocardium.

Therefore, in the acute phase of acute myocarditis, LGE 
reflecting the mixed existence of edema, necrosis, and 
fibrosis is observed. The degree of edema in myocardial 
tissue varies according to the course of acute myocarditis, 
and LGE in the late phase mainly reflects replacement 
fibrosis. Accordingly, it is difficult to distinguish accurately 
among inflammation, necrosis, and fibrosis in terms of 
LGE alone. In myocarditis, there is an LGE pattern of 
abnormal patchy, middle-layer enhancement in epicardial 
locations, suggesting a nonischemic nature, and the frequent 
site is the cardiac base to the middle part on the inferolateral 
side.168 However, there are some exceptions, such as a whole 
circumferential sub-intimal pattern often seen in EM.169 In 
addition, diffuse LGE is often found in fulminant myocar-

ditis in comparison with nonfulminant myocarditis.153 
Thus, cardiac MRI is useful for assessment of myocardial 
tissue, but is difficult to apply to patients on a mechanical 
ventilator and those with unstable hemodynamics, as well 
as those using an MRI-incompatible intracorporeal device 
or with magnetic material.3,118 Therefore, in recent years, 
the usefulness of late enhancement computed tomography 
(CT) in patients not amenable to cardiac MRI has been 
reported, indicating its role as an alternative procedure.170–172

  ▋ 5.2.2 T1 Mapping
T1 mapping is a technique for obtaining a map that reflects 
tissue-specific T1 values (native T1) by analyzing the 
images taken. The native T1 value varies according to 
intracellular and extracellular interstitial factors,173 and 
increases as a reflection of edema, necrosis, and fibrosis. 

Acute
MyocarditisIncrease in 

native T1
Increase in ECV Regional high T2

signal intensity
Increase in T2Positive non-

ischemic LGE pattern

Lake Louise Criteria (2018 revised version)

T1-based imaging T2-based imaging

One positive
finding each
from T1, T2-

based images

Figure 9.  Criteria for diagnostic imaging for acute myocarditis using cardiac MRI. ECV, extracellular volume; LGE, late gadolinium 
enhancement. (Source: Prepared based on Ferreira VM, et al. 2018.118)

Table 18. Criteria for Diagnostic Imaging for Acute Myocarditis Using Cardiac MRI 

Lake Louise Criteria II (2018 revised version) 
(2 of the 2 major items are positive) Diagnostic targets

Main criteria

T2-based imaging
  (1) Regional high T2 signal intensity 
  (2)  Signal intensity in a local area or the entire myocardium at least double that of 

skeletal muscle in T2-weighted images
  (3) Regional or global increase of native myocardial T2 value

  Any 1 of (1)–(3)

Myocardial edema

T1-based imaging
  (1) Regional or global increase of native myocardial T1 value
  (2) Increased ECV
  (3)  Area with high signal intensity in a nonischemic distribution pattern in LGE images

  Any 1 of (1)–(3)

Edema, necrosis, fibrosis, 
hyperemia/capillary leak

Supportive criteria

Pericardial effusion on cine MRI images
  or
Pericardial high signal intensity on LGE images 

Pericardial inflammation

Systolic left ventricular asynergy (strain) in cine MRI images Decreased left ventricular 
function

ECV, extracellular volume; LGE, late gadolinium enhancement; MRI, magnetic resonance imaging. (Excerpted from 
Ferreira VM, et al. 2018.118) ©2018 Published by Elsevier on behalf of the American College of Cardiology Foundation.
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Edema is an important finding obtained in the presence of 
active inflammation in acute myocarditis and should be 
assessed using indices specific to edema. In the acute 
phase, edema is the predominant finding, and it can be 
determined in terms of an increase in the native T1 
value.174–176 Meta-analysis has shown that the specificity of 
T1 mapping is similar to that specified in LLC 2009,162,177 
but the sensitivity is higher. However, in cases in which 
inflammation resolves in the early phase, followed by 
subsequent occurrence of fibrosis, elevation of the native 
T1 value is not specific to inflammation.166,178 Therefore, it 
is difficult to distinguish between acute inflammation and 
chronic myocardial injury in terms of the native T1 value 
alone,118 and thus combined use of other imaging techniques 
is required for assessing inflammation. Myocardial edema 
may also develop from congestion in HF resulting from 
acute decompensation.179

Because 3 slices of the cardiac base, middle, and apex are 
generally used for assessment by T1 and T2 mapping, the 
whole left ventricle is not necessarily covered without blind 
corners. Both native T1 and T2 values vary according to 
the magnetic field intensity of the apparatus, imaging 
sequence, etc., and thus there are no standardized cutoff 
values. Therefore, it is desirable that reference values be set 
in each facility based on the images taken in volunteers, 
etc. and that the results of measurement be provided with 
a description of the normal range.180

  ▋ 5.2.3 T2 Mapping/T2-Weighted Imaging
T2 mapping allows quantitative assessment by determining 
the edema-derived increase in water content in terms of 
increased T2 values.181 It has been reported that T2 
mapping is useful for distinguishing between myocarditis 
and noninflammatory cardiomyopathy in patients who 
have symptoms persisting for at least 2 weeks.166,182

In T2-weighted images, the lesion is captured as local or 
whole myocardial high signal intensity. The signal intensity 
increases in the acute phase and gradually normalizes over 
months. Because of this, T2-weighted imaging and T2 
mapping are useful for staging and monitoring the recovering 
process.178 T2-weighted imaging determines the signal ratio 
to skeletal muscle in the same cross-section as a qualitative 
visual assessment or semiquantitative assessment.183 On the 
other hand, elevation of T2 values in T2 mapping is a 
reliable quantitative index for myocardial edema,184,185 and 
is useful for distinguishing edema in the acute phase and 

scars in the chronic phase because fibrosis and scarring 
cause no increase in signal values.178

  ▋ 5.2.4 Extracellular Volume
ECV increases as a reflection of the enlargement of the 
extracellular fluid space due to edema, necrosis, and fibrosis. 
Unlike T1 mapping, because there are no variations among 
different imaging apparatuses, it is easy to compare among 
different facilities. ECV is superior to LGE in the assessment 
of diffuse fibrosis. In the diagnosis of myocarditis, combined 
use of ECV and LGE in the assessment makes the level of 
diagnostic performance ≈90%.186

 ▋5.3  Monitoring of the Pathological Condition and 
Prognostic Evaluation by Cardiac MRI

Echocardiography or blood tests are more commonly used 
for follow-up observation of myocarditis, and there are 
insufficient data concerning when to perform follow-up 
cardiac MRI.

Persistent LGE is often observed 3 months after onset 
even when inflammatory findings are improved, and 
cardiac MRI is useful for risk assessment when added to 
conventional techniques.187 As for the prognosis of viral 
myocarditis diagnosed by biopsy, LGE can be a prognostic 
factor during an average observation period of 4.7 years 
(mortality rate: 19.2%).65 Therefore, LGE is useful for 
monitoring the therapeutic process and for outcome 
prediction.

Myocardial edema has resolved at 6 months in 84% of 
patients,188 but the prognosis is poor if LGE remains 
despite the disappearance of edema. Furthermore, the 
prognosis is poor if LGE becomes greater than in the 
initial phase.188 In addition, a meta-analysis showed that 
the presence and extent of LGE and anteroseptal LGE are 
high-risk factors for cardiovascular events.189

LVEF obtained by cardiac MRI could be a prognostic 
factor for cardiovascular events after 19 months of obser-
vation.48 Strain analysis using the feature tracking technique 
in cardiac cine MRI has revealed that global longitudinal 
strain (GLS) is an additional prognostic factor besides 
LVEF and LGE.190

Based on the above, the recommendations and levels of 
evidence for cardiac MRI in diagnosis of myocarditis are 
shown in Table 19.

Table 19. COR and LOE for Cardiac MRI in the Diagnosis of Myocarditis

COR LOE GOR 
(MINDS)

LOE 
(MINDS)

 Cardiac MRI should be performed to diagnose myocarditis in patients who 
have signs and symptoms suggestive of myocarditis and stable 
hemodynamics

I A A I

 Cardiac MRI can be considered to evaluate regional edema or fibrosis by 
cardiac MRI IIa A B I

 The assessment of myocardial pathological condition and the risk stratification 
should be performed by cardiac MRI I B B I

Myocardial fibrosis/edema should be assessed by T1 mapping I B B III

 Myocardial edema should be assessed by T2 mapping or T2-weighted 
imaging I B B III

COR, class of recommendation; GOR, grade of recommendation (Medical Information Network Distribution Service 
[MINDS]); LOE, level of evidence (MINDS); MRI, magnetic resonance imaging.
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6. Cardiac Nuclear Imaging

 ▋6.1  Gallium Scintigraphy and 
18F-Fluorodeoxyglucose Positron Emission 
Tomography (FDG-PET)

Accumulation of gallium (Ga) increases in the presence of 
myocardial inflammation, but the diagnostic sensitivity is 
low. In recent years, assessment of inflammatory lesions by 
positron emission tomography (PET) using 18F-fluorode-
oxyglucose (FDG) has become available.

 ▋6.2 FDG-PET for Myocarditis
In highly active inflammatory foci, inflammatory cells, such 
as macrophages, lymphocytes, and granulocytes, aggregate 
and consume a large amount of glucose. Inflammatory cells 
show accumulation of FDG mainly via glucose transporter 
(GLUT)-1 and GLUT-3.191 If the advance preparation is 
performed thoroughly and physiological accumulation is 
inhibited, FDG accumulation is considered to be useful for 
assessing the activity of myocarditis. In addition to animal 
experiments,192,193 there are several reports in actual clinical 
settings. For instance, 55 patients with suspected myocar-
ditis were assessed prospectively using FDG-PET/MRI, 
and LGE and T2-weighted images were compared. The 
sensitivity and specificity of FDG-PET were 74% and 97%, 
respectively, indicating a strong agreement between PET 
and cardiac MRI findings.194 Amigues et al195 assessed 119 
patients with rheumatoid arthritis using FDG-PET/CT 
and found asymptomatic myocarditis in 46 (39%). They 
reported that the degree of inflammation was associated 
with the degree of rheumatoid arthritis, and that disease 
activity was decreased by treatment.195 Marmursztejn et al, 
who assessed 20 patients with Churg-Strauss syndrome 
using FDG-PET, reported on the potential for FDG-PET 
to distinguish between fibrosis and active inflammation, 
which is difficult to perform with cardiac MRI.196

Combined use of FDG-PET and conventional techniques 
may not only allow assessment of the activity and extent of 
myocarditis with high diagnostic accuracy, but also serve 
as a useful means to determine the therapeutic effect. A 
multicenter prospective collaborative observation study 
(STREAM study; NCT04085718) in patients with suspected 
myocarditis is ongoing, and it is expected that the diagnostic 
usefulness of FDG-PET/CT will become apparent.197

When using FDG-PET, it is necessary to be aware of the 
physiological accumulation of FDG in the myocardium. 
FDG is a glucose analog, and the energy substrates used in 
myocardial metabolism are mainly glucose and fatty 
acids. In the same manner as glucose, FDG is incorporated 
into cells via GLUT expressed on the cell membrane.198 
Cardiomyocytes express GLUT-4, and FDG is incorpo-
rated into viable myocardium where glucose metabolism 
remains. Therefore, physiological accumulation of FDG 
should be inhibited for the assessment of inflammatory 
lesions in the myocardium. A number of studies of pre-
imaging procedures in the assessment of cardiac sarcoidosis 
have been performed,199–201 and it is common that assess-
ment of myocarditis is implemented according to the 
method for cardiac sarcoidosis. For the purpose of estab-
lishing fatty acids as the dominant energy substrate used in 
the myocardium, a combination of prolonged fasting 
(preferably ≥18 h) and low-carbohydrate diet (plus high-fat 
diet) is generally recommended.202,203

7. Endomyocardial Biopsy,  
Cardiac Catheterization

When acute myocarditis is suspected, cardiac catheteriza-
tion should be performed in the acute phase, when the 
diagnostic value is high. First, acute coronary syndrome 
should be excluded by coronary angiography, and if 
necessary, assessment of hemodynamics by right heart 
catheterization and endomyocardial biopsy are imple-
mented. Endomyocardial biopsy is the only examination 
that provides a definitive diagnosis of myocarditis, which 
helps treatment and contributes to the estimation of the 
prognosis.

 ▋7.1 Method
Samples are usually obtained from areas on the inter-
ventricular septum of the right ventricle, but those from 
the left ventricle are also feasible. It is inevitable to have 
differences in the histological image and false-negative 
results according to the site of sampling, the number of 
samples, and timing of sampling.204–206 In cases of myocar-
ditis, the false-negative rate is 5% when there are 3 samples 
and 2% when there are 4 samples.207 Collection of ≥3 
biopsy samples and preparation of deeper-cut sections [10 
sections 3-μm thick should be prepared, and the first, 
fourth, and seventh sections should be subjected to 
hematoxylin-eosin (HE) staining] will improve the diag-
nostic accuracy. In addition to HE staining, Masson 
trichrome staining and immunostaining [CD3, CD68, 
major basic protein (MBP), tenascin C (4C8), tenascin C 
(4F10)] are useful for histological diagnosis. Tenascin C is 
an extracellular matrix protein that is expressed during 
wound healing, and the degree of its expression reflects the 
degree of myocardial necrosis.208 Tenascin C (4C8) is 
expressed only in the acute phase, whereas tenascin C 
(4F10) is still detected even 50 days after onset, although 
there is a gradual diminution.

 ▋7.2 Indications
Endomyocardial biopsy is indicated in patients with 
suspected acute myocarditis, particularly those with acute 
HF, cardiogenic shock, left ventricular dysfunction, 
refractory ventricular arrhythmia, or conduction system 
disorders. Moreover, this procedure is also considered for 
patients with stable hemodynamics and those with suspected 
chronic active myocarditis or chronic inflammatory 
cardiomyopathy. Clinical scenarios that particularly require 
consideration of endomyocardial biopsy are shown below.2

1)  Acute myocarditis accompanied by severe HF or 
cardiogenic shock

2)  Acute myocarditis accompanied by acute HF, 
ventricular arrhythmias, or advanced atrioventricular 
block

3)  Acute myocarditis accompanied by peripheral eosino-
philia

4)  Acute myocarditis caused by immune checkpoint 
inhibitors

5)  Chronic active myocarditis or chronic inflammatory 
cardiomyopathy is suspected

The diagnostic value of endomyocardial biopsy in acute 
myocarditis is maintained within 2–4 weeks after onset.3,204 
In particular, in cases of GCM, within 2–4 weeks after 
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onset, the diagnostic sensitivity is 80%, and the positive 
predictive value is 71%.209 Therefore, early histological 
diagnosis is important in cases of GCM or EM. In patients 
with prolonged or severe disease, particularly those with 
remaining cardiac dysfunction or persistent high levels of 
troponins, it is desirable that serial biopsy be performed 
over time to verify the activity of inflammation.37,210 
Although a gene search for potential pathogenic genes 
using myocardial tissue has been reported, the detection 
rate of such genes is not high, and its usefulness in clinical 
practice is controversial.

CQ1:
Is endomyocardial biopsy recommended for patients with 
acute myocarditis?
Recommendation: Endomyocardial biopsy is proposed for 
patients with acute myocarditis (GRADE 2C) (Strength of 
recommendation [weak recommendation]/certainty of evidence 
[low])

A. Background, Priority of This CQ
Although it is recommended by expert consensus or other 
statements to perform endomyocardial biopsy in patients 
with acute myocarditis with the aim of decision-making for 
diagnosis or treatment policy,3,204 it has not been verified 
by large-scale clinical studies. It is expected that useful infor-
mation on the therapeutic effect of immunosuppressants, 
etc., or prognosis will be obtained from histopathological 
findings in endomyocardial biopsy specimens, but on the 
other hand, there is concern about risks associated with the 
technique. It is of clinical importance to closely investigate 
whether undergoing endomyocardial biopsy in patients 
with acute myocarditis contributes to improvement of their 
prognosis.

B. Summary of Evidence
B.1 PICO

P: Acute myocarditis

I : Endomyocardial biopsy performed
C: Endomyocardial biopsy not performed
O: Outcomes approved in the panel meeting as follows

Benefit-related critical outcomes: overall mortality [including 
transplantation, left ventricular assist device (LVAD)] 
(importance of outcome: 9, the same below), hospitalization 
due to aggravated HF (8), improvement of LVEF (8)
Harm-related critical outcomes: cardiac tamponade (9), 
pacemaker implantation (6)
B.2 Systematic Review
Systematic review found no randomized controlled trials 
(RCTs) and selected 4 observational studies on acute 
myocarditis (Kawamura et al 1985,211 Ukimura et al 2010,212 
Annamalai et al 2018,213 Kondo et al 2022214) to perform a 
meta-analysis.

C. Benefit–Harm Balance
C.1  Desirable Effects (See Supplementary Appendix 

Table 1. Summary of Findings)
C.1.1 Overall Mortality (Figure 10)
Overall mortality was examined in the 4 observation 
studies (481 patients).211–214 The risk ratio for patients with 
endomyocardial biopsy compared with those without 
endomyocardial biopsy was 0.36 (95% confidence interval 
[CI] 0.15–0.86). In regard to absolute risk difference, overall 
mortality was lower by 16% (95% CI 8–24%) in those 
with endomyocardial biopsy than in those without endo-
myocardial biopsy.
C.1.2 Hospitalization due to Aggravated Heart Failure
There is no research evidence on aggravation of HF.
C.1.3 Improvement of LVEF
There is no research evidence on LVEF.
C.1.4 Summary of Desirable Effects
It is judged that implementation of endomyocardial biopsy 
in patients with acute myocarditis has desirable effects. The 
effects are rated as “moderate to great”.
C.2 Undesirable Effects
Cardiac tamponade and pacemaker implantation were 
cited as outcomes in question, but there was no available 

Favours [experimental]             Favours [control]
0.01 0.1 1 10 100

Risk Ratio
IV, Random, 95% CI

Risk Ratio
IV, Random, 95% CI

No EMB
Events   Total

EMB
Events   Total WeightStudy or Subgroup

Annamalai 2018 1 9 11 23 15.7% 0.23[0.03, 1.55]
Kawamura 1985 2 82 20 136 23.0% 0.17[0.04, 0.69]
Kondo 2022 43 155 26 61 53.4% 0.65[0.44, 0.96]
Ukimura 2010 0 9 2 6 8.0% 0.14[0.01, 2.49]

Total(95%CI)  255 226 100.0% 0.36[0.15, 0.86]
Total events 46 59
Heterogeneity: Tau2=0.33; Chi 2=5.09, df=3(P=0.17); I2 =41%
Test for overall effect: Z=2.31(P=0.02)
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Figure 10.  Comparison of overall mortality in acute myocarditis patients with and without endomyocardial biopsy (EMB). CI, 
confidence interval.
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research evidence on these issues.
Additional discussion:
In an observational study using the National Inpatient 
Sample Database in the USA, Elbadawi et al. found that 
endomyocardial biopsy was performed in 798 (3.6%) of 
22,299 hospitalized patients with myocarditis and that the 
incidence of cardiac tamponade was significantly higher in 
those who underwent endomyocardial biopsy than in those 
who did not (1.5% vs. 0.3%; OR 5.20, 95% CI 2.75–9.80; 
P<0.001).215 Although the risk of complications of endo-
myocardial biopsy has been reported to be 1–6% in 
general,216,217 it is thought that there has been a substantial 
decrease in the risk over the past 2 decades. In a retrospec-
tive single-center study, Holzman et al found 2 cases of 
cardiac tamponade and 1 case of pacemaker implantation 
as complications (0.12%) among 2,505 cases of endomyo-
cardial biopsy performed between 1995 and 2003.218 On 
the other hand, in a prospective study, no complications 
(0%) occurred in 543 cases of endomyocardial biopsy 
performed during the 2 years from 2004 to 2005, indicating 
that the risk of endomyocardial biopsy performed in 
experienced institutions is lower than the risk of complica-
tions associated with coronary angiography.219 Because the 
risk of complications may increase in institutions that are 
poorly experienced in this technique, undesirable effects 
are judged as “small”.
C.3 Benefit–Harm Balance
There was a decrease in the death of patients with acute 
myocarditis who underwent myocardial biopsy. Current 
insufficiency of evidence precludes accurate assessment of 
the risk of complications associated with this technique. 
However, considering the general incidence of complica-
tions associated with endomyocardial biopsy, benefit of 
this technique is considered to surpass its harm, as far as 
institutions experienced in this technique are concerned.

D. Certainty of the Body of Evidence
Overall mortality, an assessable outcome, was improved in 
patients who underwent intervention. Citing the certainty 
of this evidence, the certainty of the body of evidence has 
been rated as “low (C)”.

E. Patients’ Sense of Value
There were no reports on patients’ sense of value concerning 
priorities of outcomes.

F. Cost
No cost-effectiveness analysis in adult subjects performed 
from the perspective of patients could be identified.

G. Tolerability
Endomyocardial biopsy is presumed to be well tolerated 
by patients.

H. Feasibility
Endomyocardial biopsy, which is an invasive examination, 
is required to be performed in institutions where operators 
experienced in this technique are present and similar 
examinations are performed routinely.

I. Grading of Recommendations
There were no objections presented in the meeting. Using 
the modified Delphi method (RAND method), voting 
included all members of the present Guidelines Develop-
ment Committee. The above text of recommendations was 
approved with the voting rate being 92%, median 8, DI 
0.13, and approval rate (rate of score 7 or higher) 87%.

J. Related Statements in Other Clinical Practice Guidelines
J.1  2016 ESC Guidelines for the diagnosis and treatment 
of acute and chronic HF.220

Endomyocardial biopsy should be considered in patients 
with rapidly progressive HF despite standard therapy 
when there is a probability of a specific diagnosis that can 
be confirmed only in myocardial samples and specific therapy 
is available and effective (Class of Recommendation IIa, 
Level of Evidence C).
J.2  AHA/ACC/ESC Scientific Statement: The Role of 
Endomyocardial Biopsy in the Management of Cardiovas-
cular Disease (2007).204

Endomyocardial biopsy is recommended in the setting 
of unexplained, new-onset HF of less than 2 weeks’ duration 
associated with hemodynamic compromise (Class of 
Recommendation I, Level of Evidence B).

Table 20. COR and LOE for Endomyocardial Biopsy in Myocarditis

COR LOE GOR 
(MINDS)

LOE 
(MINDS)

 Endomyocardial biopsy should be performed when acute myocarditis 
accompanied by severe heart failure or cardiogenic shock is suspected and 
when endomyocardial biopsy is available*

I C C1 IVa

 Endomyocardial biopsy should be performed when acute myocarditis 
accompanied by acute heart failure, ventricular arrhythmias, or advanced 
atrioventricular block is suspected and when endomyocardial biopsy is 
available*

I C C1 IVa

 Endomyocardial biopsy can be considered when acute myocarditis 
accompanied by peripheral eosinophilia is suspected IIa C C1 IVa

 Endomyocardial biopsy can be considered when immune checkpoint inhibitor 
myocarditis is suspected IIa C C1 IVa

 Endomyocardial biopsy may be considered when acute myocarditis is 
suspected in cases other than those above IIb C C1 V

 Endomyocardial biopsy can be considered when chronic active myocarditis 
or chronic inflammatory cardiomyopathy is suspected IIa C C1 IVa

*If endomyocardial biopsy is not available, it is desirable to consider transferring the patient to another institution 
where endomyocardial biopsy is available. COR, class of recommendation; GOR, grade of recommendation (Medical 
Information Network Distribution Service [MINDS]); LOE, level of evidence (MINDS).
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J.3  Position statement of the ESC Working Group on 
Myocardial and Pericardial Diseases (2013).3

Endomyocardial biopsy should be considered in all 
patients with clinically suspected myocarditis. Patients 
with a life-threatening presentation should be sent to 
specialized units with the capability for hemodynamic 
monitoring, cardiac catheterization, and expertise in 
endomyocardial biopsy (expert opinion).

K. Monitoring of Treatment
It is important to diagnose the histological condition of 
acute myocarditis in the early phase and to make an inter-
vention as necessary.

L. Monitoring and Assessment
Influences of death, cardiac death, LVEF improvement 
rate, HF-related readmission rate, etc., on long-term 
prognosis should be monitored and assessed.

M. Possibility of Future Research
RCTs are considered (e.g., P: patients with acute myocar-
ditis, I: endomyocardial biopsy, C: endomyocardial biopsy 
not implemented, O: mortality, cardiovascular events, 
cardiac tamponade, pacemaker implantation).

Although CQ1 suggests performing a myocardial biopsy 
for all patients with suspected acute myocarditis, the 
strength of the recommendation is weak and the certainty 
of the evidence is judged to be low. However, as described 
above, there are clinical scenarios in which endocardial 

myocardial biopsy is particularly considered. Accordingly, 
this guideline proposes recommendations for each clinical 
scenario based on the results of the CQ1.

Table 20 shows the recommendations and levels of 
evidence for endomyocardial biopsy in myocarditis.

 ▋7.3 Complications
The incidence of major complications is generally around 
1%.221,222 Although there are various reports, major 
complications and their incidence are as follows: death 
(0–0.07%), cardiac perforation/tamponade (0–6.9%), 
pneumothorax/air embolism (0–0.8%), thromboembolism 
(0–0.32%), valvular injury (0.02–1.1%), and severe 
arrhythmias/atrioventricular block (0–11%).223

 ▋7.4 Representative Histological Features
In myocarditis, representative histological features 
include (1) cardiomyocyte injury (degeneration/necrosis 
accompanied by encroachment of inflammatory cells at the 
perimeter of cardiomyocytes); (2) disruption, myocytolysis, 
and disappearance (loss); and (3) interstitial edema/
fibrosis (Figure 11A–C). In terms of histological character-
istics, myocarditis is mainly classified as lymphocytic 
(Figures 11–14), eosinophilic (Figures 15,16), giant cell 
(Figure 17), or granulomatous (e.g., sarcoidosis). At low 
magnification, lymphocytic myocarditis presents diffuse 
inflammatory cell infiltration, whereas giant cell, eosino-
philic, and granulomatous myocarditis are likely to have 
multifocal infiltration (Figures 11A,15A,17A).

Figure 11.  Lymphocytic myocarditis (acute myocarditis). (A) Low magnification image of diffuse cellular infiltration. (B) High 
magnification image of lymphocyte infiltration accompanied by signs of cardiomyocyte injury (arrows). (C) High magnification 
image of lymphocyte infiltration accompanied by signs of cardiomyocyte injury (arrow). (D) Diffuse CD3-positive T lymphocyte 
infiltration (CD3 immunostaining).
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  ▋ 7.4.1 Eosinophilic Myocarditis
EM is caused by eosinophilic cationic protein (ECP) 
contained in granules of eosinophils infiltrating in the 
myocardium and by cytotoxic substances, such as MBP.224–230 
Histopathologically, radiating eosinophil infiltration, 

degranulation, destruction of cardiomyocytes, and cardio-
myocyte injury (degeneration/necrosis accompanied by 
encroachment of inflammatory cells at the perimeter of 
cardiomyocytes) are seen (Figure 15A–D). When eosinophil 
infiltration is not apparent, immunostaining using anti-

Figure 12.  Chronic active myocarditis observed in the explanted heart (Post-fulminant myocarditis case with severe heart failure). 
(A) Initial endomyocardial biopsy at onset of fulminant myocarditis. There is severe diffuse inflammatory cell infiltration accompanied 
by interstitial edema and fibrosis. (B) Explanted heart at heart transplantation (3 years after onset, cross-section of both ventricles). 
Dilation of the cavities, thinning of the ventricular wall, and subendocardial band-like fibrous scars are conspicuous. (C) Focal 
lymphocyte infiltration accompanied by signs of cardiomyocyte injury still observed in the extirpated heart.

Figure 13.  Chronic active myocarditis (previously clinically recognized as dilated cardiomyopathy). (A) Focal inflammatory cell 
infiltration found in 1 of the 3 specimens from the initial endomyocardial biopsy (arrow). (B) High magnification image of A as 
indicated by the arrow. There is lymphocyte infiltration accompanied by signs of cardiomyocyte injury (degeneration/necrosis 
accompanied by encroachment of inflammatory cells at the perimeter of cardiomyocytes), and the lesion is deemed to be active 
(insert, CD3 immunostaining). (C) Masson trichrome staining of the same part as B. Lymphocyte infiltration accompanied by 
cardiomyocyte injury, with replacement by fibrosis and fatty tissue in the background. (D) Mild inflammatory cell infiltration in the 
interstitium. Without the finding of active inflammation as in B and C, a diagnosis of chronic inflammatory cardiomyopathy would 
be made. Cardiomyocytes are irregular in size, swollen, and arranged in a disorganized pattern. (E) Follow-up biopsy 3 years after 
onset (heart failure aggravated while immunosuppressive therapy was discontinued because of improvement of cardiac function). 
There is active inflammation partly accompanied by signs of cardiomyocyte injury, showing a focal tenascin C (4C8)-positive area 
(insert, tenascin C immunostaining). (F) Follow-up biopsy 5 years after onset (during ongoing immunosuppressive therapy). 
Inflammatory cell infiltration is inconspicuous. Replacement fibrosis and fatty infiltration suggest post-inflammatory changes.
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MBP antibody is useful because MBP from degranulated 
eosinophils is deposited in the endocardium and interstitium 
(Figure 15E).28,231 If myocardial tissue necrosis or giant cell 
infiltration is observed, the possibility of necrotizing EM or 
GCM should be considered. Hypersensitivity myocarditis, 
derived from drugs, etc., is often a differential diagnosis 
that should be considered. In hypersensitivity myocarditis, 
there is eosinophil infiltration unaccompanied by the 
cardiomyocyte injury on the myocardium in the interstitium 
and perivascular areas. Myocardial necrosis is often not 
found or is localized in some areas. The absence of necro-
tizing vasculitis is the important key to differential diagnosis 
(Figure 16).232

  ▋ 7.4.2 Giant Cell Myocarditis
GCM is a fatal type of myocarditis that presents with 
diffuse myocardial necrosis and multinucleated giant 
cells.233 Allergy/autoimmunity has been speculated to be 
involved. It is necessary to distinguish GCM from cardiac 
sarcoidosis.85 Whereas infiltration of lymphocytes and 
eosinophils is predominant with severe myocardial necrosis 
in GCM (Figure 17A–E), cardiac sarcoidosis shows 
conspicuous interstitial fibrosis, accompanied by epithelioid 
cell granuloma formation. The presence of asteroid bodies 
is a feature characteristic of the latter disease (Figure 17F). 
In granulomatous myocarditis, hypersensitivity reactions 
may be the main presentation during the course of illness, 
together with severe eosinophil infiltration. In cases in which 
well-formed granuloma is absent, this type of granuloma-
tous myocarditis is regarded as giant cell granulomatous 

myocarditis, distinct from cardiac sarcoidosis.234–236

 ▋7.5 Collagen Disease-Related Myocarditis
Collagen disease-related myocarditis is based on deposition 
of immune complexes, complement activation, etc., in the 
same manner as in disorders of the kidney, skin, choroid 
plexus, etc. Characteristic pathological features include 
noninfectious fibrinoid degeneration, collagenous degen-
eration, interstitial edema, myocardial necrosis, and 
inflammatory cell infiltration.237

  ▋ 7.5.1 Scleroderma
In 50–80% of autopsy cases, there is a condition called 
scleroderma heart, characterized by lymphocyte infiltra-
tion, myocardial degeneration, and fibrosis and patchy 
cardiomyocyte dropout mainly in the perivascular and 
subendocardial areas. Although lymphocyte infiltration is 
found in the interstitium, there are no signs of cardio-
myocyte injury (Figure 18). These inflammatory changes 
are also involved in dilated HF and conduction system 
disorders.238,239

  ▋ 7.5.2 Systemic Lupus Erythematosus
Cardiac lesions are found in 40–60% of autopsy cases. 
Among them, cardiomegaly, endocarditis, and Libman-
Sacks endocarditis accompanied by warts and ulcers are 
well known. Myocarditis associated with systemic lupus 
erythematosus is termed lupus myocarditis, occurring at a 
frequency of 1–10%.240,241 Pathological findings include 

Figure 14.  Chronic inflammatory cardiomyopathy (previously clinically recognized as dilated cardiomyopathy). (A) Initial 
endomyocardial biopsy. Cell infiltration in the interstitium not accompanied by distinct signs of cardiomyocyte injury. Cardiomyocytes 
are swollen and irregular in size. (B) Loose interstitial fibrosis (Masson trichrome staining) (C) Scattered CD3-positive T-lymphocyte 
infiltration (CD3 immunostaining). (D) Explanted heart at heart transplantation (cross-section of both ventricles). Marked dilation 
of the left ventricle and thinning of the ventricular wall are seen. In particular, whitish areas suggesting fibrotic change are prominent 
from the lateral to posterior walls. (E) Left ventricle of the explanted heart. Dropout of cardiomyocytes and size variation are seen. 
There is scattered inflammatory cell infiltration in highly fibrotic areas. (F) Dilated cardiomyopathy-like interstitial and replacement 
fibrosis (Masson trichrome staining).
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relatively multifocal lymphocyte infiltration in the endo-
cardium and among cardiomyocytes, interstitial edema, 
intravascular microthrombosis, fibrinoid necrosis, vasculitis, 
and myocardial degeneration and necrosis derived from 
these lesions (Figure 19).

  ▋ 7.5.3 Polymyositis/Dermatomyositis
Autopsy frequently reveals cardiac lesions, most of which 

are associated with myocarditis (38%), vasculitis, and intimal 
hyperplasia.242 Involvement of allergy/autoimmunity is 
speculated in band-like myocardial dropout and fibrotic 
lesions mainly located in subendocardial areas.243,244 
Although lymphocyte infiltration is found in the intersti-
tium, there are no apparent signs of cardiomyocyte injury 
(Figure 20).

Figure 15.  Eosinophilic myocarditis. (A) Low magnification image of multifocal cell infiltration (arrows). (B) High magnification 
image of eosinophil infiltration (arrows) accompanied by cardiomyocyte injury (degeneration/necrosis accompanied by encroachment 
of inflammatory cells at the perimeter of cardiomyocytes) that is extending intercellularly. (C) High magnification image of a rapid 
specimen (frozen section) showing Giemsa stain-positive granules (arrow). (D) High magnification image of eosinophilic myocarditis. 
Direct fast scarlet (DFS)-positive (red-orange) eosinophil infiltration and degranulation are seen (arrows). (E) Major basic protein 
(MBP)-positive areas in and just beneath the endocardium (arrows) (MBP immunostaining).

Figure 16.  Hypersensitivity myocarditis. (A) 
Low magnification image of local cell infiltration 
around blood vessels (arrow). (B) High 
magnification image of eosinophil infiltration 
localized in the interstitium around blood 
vessels, etc.
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Figure 18.  Myocarditis secondary to 
scleroderma. (A) Low magnification 
image of myocardial dropout continuous 
from the endocardial side (arrow). 
The area of myocardial dropout is 
positive for tenascin C (4F10) (inset, 
tenascin C immunostaining). (B) Low 
magnification image (Masson trichrome 
staining). Endocardium, subendo-
cardial myocardial dropout, and 
replacement fibrosis (arrow). *Cardiac 
cavity. (C) High magnification image 
(Elastica-van Gieson staining). 
Disruption of the elastic fiber layer in 
the endocardium (arrows). *Cardiac 
cavity. (D) High magnification image 
of lymphocyte infiltration unaccom-
panied by signs of cardiomyocyte 
injury in the interstitium.

Figure 17.  Giant cell myocarditis. (A) Low magnification image of multifocal cardiomyocyte dropout and cell infiltration (arrows). 
(B) High magnification image of giant cell infiltration with eosinophil infiltration in the background (arrow). (C) Aggregated 
CD68-positive macrophages (CD68 immunostaining). Positive multinucleated giant cells (insert, arrow). (D) High magnification 
image of a rapid specimen (frozen section) showing infiltrating multinucleated giant cells (arrow). (E) High magnification image of 
myofibrils phagocytosed by multinucleated giant cells (arrow). (F) High magnification image of asteroid bodies in multinucleated 
giant cells of cardiac sarcoidosis (arrows).
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Figure 19.  Lupus myocarditis. (A) 
Low magnification image of the multi-
focal pattern of lymphocyte infiltration. 
(B) High magnification image of 
cardiomyocyte coagulation necrosis 
in small areas just beneath the 
endocardium (arrow). *Cardiac cavity. 
(C) High magnification image of 
intramicrovascular microthrombosis 
(arrow). Thrombi positive for CD61 
immunostaining (insert). (D) Multifocal 
areas positive for tenascin C (4C8) 
(tenascin C immunostaining).

Figure 20.  Myocarditis secondary to polymyo-
sitis. (A) Low magnification image of band-like 
myocardial dropout and replacement fibrosis 
on the endocardial side. *Cardiac cavity. (B) 
High magnification image of lymphocyte 
infiltration unaccompanied by signs of cardio-
myocyte injury in the interstitium (arrow). CD3-
positive areas (insert: CD3 immunostaining).
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III. Diagnostic Algorithm

This guideline proposes a diagnostic algorithm for acute 
myocarditis, chronic active myocarditis and chronic 
inflammatory cardiomyopathy, based on a summary of 
Chapters I. Introduction and II. Diagnosis.

1. Acute Myocarditis (Figure 21)

• Common cold-like symptoms and gastrointestinal symptoms (may not be preceding)
• Heart failure: shortness of breath, general fatigue, edema, etc.
• Arrhythmias: palpitations, syncope, recovery from cardiac arrest, etc.

• Coronary angiography
• Coronary CT

• Sings/symptoms/clinical course suggestive of
  acute myocarditis
• Elevated high-sensitivity cardiac troponin level
• Positive findings in both T1 and T2-based
  images on cardiac MRI

• Lymphocytic
• Eosinophilic
  (see details in VI. Diagnosis and Treatment of Specific
   Types of Myocarditis, 1.3 Diagnosis)
• Giant cell
  (see details in VI. Diagnosis and Treatment of Specific
   Types of Myocarditis, 2.3 Diagnosis)
• Granulomatous

Note: Exclusion of takotsubo cardiomyopathy, 
MINOCA (Myocardial Infarction with Non-Obstructive 
Coronary Arteries), etc., is required

Culprit lesion; positive

Culprit lesion; negative

Feasible and positive findings

Unfeasible or 
Feasible and negative findings

• ECG: ST elevation, advanced atrioventricular block, ventricular tachycardia, etc.
• Blood tests: elevated biomarkers for myocardial injury (e.g., CK-MB, high-sensitivity cardiac troponin),
  elevated BNP and NT-pro BNP, etc.
• Echocardiography: ventricular wall thickening/motion abnormality/decreased LVEF, pericardial effusion, etc.
• Cardiac MRI (if hemodynamically stable): positive in both T1, T2-based images
  T1-based (delayed hyperenhancement, increased native T1 value or increased ECV)
  T2-based (increased T2 value or regional high T2 signal intensity)

Signs and symptoms: 
less than 30 days after onset

Acute coronary syndrome

Acute myocarditis

Exclusion of acute coronary syndrome

Histological diagnosis Diagnosis based on clinical findings 
without histological findings

• Perform in early phase of onset as early as possible
• Perform by well trained operators in well trained facilities

Endomyocardial biopsy

Non-invasive examinations

Figure 21.  Diagnostic algorithm for acute myocarditis. BNP, B-type natriuretic peptide; CK-MB, creatine kinase myocardial bound; 
CT, computed tomography; ECV, extracellular volume; LVEF, left ventricular ejection fraction; MRI, magnetic resonance imaging.
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2. Chronic Active Myocarditis and Chronic 
Inflammatory Cardiomyopathy (Figure 22)

Leukocytes ≥14/mm2

(accompanied by CD3-positive T cells ≥7/mm2)

Culprit lesion; positive

Culprit lesion; negative

Yes

No

Yes No

• Heart failure: shortness of breath, general fatigue, edema, etc.
• Arrhythmias: palpitations, syncope, recovery from cardiac arrest, etc.
  Note: May be transitioned from acute myocarditis or may follow an
  asymptomatic (subclinical) course

Nonischemic cardiomyopathy 
other than chronic inflammatory 
cardiomyopathy suspected

STEP 1: Inflammatory cell infiltration

(degeneration/necrosis accompanied
by encroachment of inflammatory cells

at the perimeter of cardiomyocytes)

STEP 2: Cardiomyocyte injury

Chronic active
myocarditis

Chronic inflammatory
cardiomyopathy

If there are each of the following
findings, follow carefully, considering the
presence of chronic active myocarditis

Ischemic
cardiomyopathy

Signs and symptoms: 
more than 30 days after onset

• Coronary CT
• Coronary angiography
• Myocardial scintigraphy, etc.

• Persistent increase in high-sensitivity cardiac troponin level
• CD3-positive T cells in myocardial tissue ≥24/mm2 (5.8 cells/HPF)
• Tenascin C (4C8) immunostain positive findings in myocardial tissue

Exclusion of ischemic cardiomyopathy

Histological diagnosis

Endomyocardial biopsy
• Perform by well trained operators in well trained facilities

• Electrocardiography: ST-T changes, bundle branch block, atrioventricular
  block, ventricular tachycardia, etc.
• Blood tests: elevated high-sensitivity cardiac troponin, elevated BNP
  and NT-pro BNP, etc.
• Echocardiography: ventricular wall motion abnormality, ventricular dilatation,
  decreased left ventricular ejection fraction, etc.

Noninvasive examination

Figure 22.  Diagnostic algorithm for chronic active myocarditis and chronic inflammatory cardiomyopathy. BNP, B-type natriuretic 
peptide; HPF, high-power field (×40 objective lens with field number 22).
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IV. Treatment and Management

1. Basic Treatment and Management

 ▋1.1  Management of Patients With Hemodynamic 
Instability (Fulminant Myocarditis)

Although fulminant myocarditis is generally defined as 
“fatal acute myocarditis with sudden hemodynamic 
collapse”, no precise global definition has been established. 
Fulminant myocarditis has been considered as severe 
myocarditis “requiring mechanical circulatory support” in 
Japan, but according to recent American and European 
studies, cases of myocarditis requiring only hemodynamic 
support with intravenous inotropes may also be regarded 
as fulminant.245 In this guideline, fulminant myocarditis 
will be defined as “fatal acute myocarditis with sudden 
hemodynamic collapse” with or without mechanical circu-
latory support (MCS).

It should be noted that although some patients with 
fulminant myocarditis have hemodynamic collapse in the 
early stage of onset, others with initially mild symptoms 
can rapidly fall into a fulminant condition. For patients 
with acute myocarditis, strict monitoring is necessary to 
ensure timely treatment because the condition may progress 
daily or even hourly. Patients with cardiac enzyme levels 
decreasing over time to normal can be considered to have 
stabilized, but worsening of myocarditis should be antici-
pated when cardiac enzyme levels continue rising.246,247 
Repeated echocardiographic monitoring for left ventricular 
wall thickening,248 progression of a decrease in left 
ventricular wall motion, and a decrease in cardiac output 
is needed for early detection of fulminant myocarditis. The 
patient’s condition may change rapidly.61 Both left and 
right ventricular function will be significantly impaired in 
many patients with fulminant myocarditis,249 affecting the 
later course of treatment.

Most deaths due to fulminant myocarditis occur in the 
acute phase. Spontaneous remission may be expected once 
the patient overcomes the most critical phase.153,245,250 
Therefore, the most important treatment strategy during 
acute-phase management is to help the patient achieve 
spontaneous remission while avoiding hemodynamic 
collapse associated with myocarditis.

  ▋ 1.1.1 Drug Therapy
Diuretics, vasodilators, and inotropes are used for hemo-

dynamic support, similar to the general treatment of 
acute HF. Dobutamine and phosphodiesterase (PDE) III 
inhibitors are the first-line treatment for cardiac pump 
failure. Dopamine or noradrenaline should be concomi-
tantly used to increase blood pressure in patients with 
hypoperfusion and hypotension. The use of noradrenaline 
for cardiogenic shock after myocardial infarction is associ-
ated with a better prognosis compared with dopamine. 
However, drug efficacy for fulminant myocarditis has not 
been investigated.61,251 There should be no hesitation to use 
circulatory support in patients unable to recover from 
cardiogenic shock with intravenous inotropes.

Table 21 shows the recommendations of drug therapies 
for fulminant myocarditis and the level of evidence.

  ▋ 1.1.2 Percutaneous Circulatory Support
a) Intra-Aortic Balloon Pumping (IABP)
Afterload reduction and increase in coronary blood flow 
with counterpulsation using a balloon placed in the 
descending aorta is the mechanism of cardiovascular 
support with IABP. IABP was originally indicated for 
cardiovascular support before and after reperfusion therapy 
for myocardial infarction and before surgical repair of 
mechanical complications (ventricular septal rupture, 
acute mitral regurgitation) of acute myocardial infarction. 
It is also considered to be indicated for severe HF in general, 
including fulminant myocarditis. Although routine use of 
IABP is not recommended, because it did not improve the 
prognosis of cardiogenic shock associated with acute 
myocardial infarction in the IABP-SHOCK II trial,252 the 
use of IABP should be considered in severe HF unrespon-
sive to drug therapy.253

IABP can be started promptly because the catheter is 
relatively easy to insert. Contraindications to IABP 
include moderate or severe aortic regurgitation and aortic 
dissection. Although ischemia in the lower limb on the 
side of balloon insertion needs to be checked for as a 
complication, the risk of vascular complications tends to 
be lower because the size of balloon catheter is smaller 
than the intracardiac pump catheter for circulatory support 
(IMPELLA) or venoarterial extracorporeal membrane 
oxygenation (VA-ECMO). IABP also provides pressure 
support for which the efficacy is insufficient in extremely 
severe hemodynamic collapse because its capability to 
support the circulation depends on the patient’s cardiac 
function. The capability to support circulation will be 

Table 21. COR and LOE for Drug Therapies in Fulminant Myocarditis

COR LOE GOR 
(MINDS)

LOE 
(MINDS)

 Use of dobutamine can be considered for pump failure and pulmonary 
congestion IIa C B IVa

 Use of PDE III inhibitor can be considered for pump failure and pulmonary 
congestion IIa C B IVa

Use of noradrenaline can be considered in patients with cardiogenic shock IIa B B II

Use of dopamine may be considered in patients with cardiogenic shock IIb B C2 II

COR, class of recommendation; GOR, grade of recommendation (Medical Information Network Distribution Service 
[MINDS]); LOE, level of evidence (MINDS); PDE, phosphodiesterase.
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reduced when the patient has concurrent arrhythmia or 
severe tachycardia. Combined use of IABP with VA-ECMO 
has been recommended for afterload reduction and as a 
backup during VA-ECMO weaning. In recent years, 
IMPELLA has been increasingly used for this purpose. 
However, its superiority to IABP is unclear.254,255

b)  Intracardiac Pump Catheter for Circulatory Support 
(IMPELLA)

Currently, IMPELLA 2.5, IMPELLA CP, IMPELLA 5.0, 
and IMPELLA 5.5 for left ventricular support have been 
approved in Japan. The number in the product name 
shows the maximum flow rate (L/min) of the device. 
IMPELLA CP provides a maximum flow rate of 3.7 L/min. 
The tip of the IMPELLA pump is inserted into the femoral 
or subclavian artery, guided through the ascending aorta 
and the aortic valve in a retrograde fashion, and placed in 
the left ventricle. Using a small built-in axial pump, the 
device establishes left-sided heart bypass by draining blood 
from the left ventricle and sending it to the ascending 
aorta.

Two RCTs of IMPELLA 2.5, CP, and IABP used for 
cardiogenic shock associated with acute myocardial 
infarction (ISAR-SHOCK trial and IMPRESS in Severe 
Shock trial) failed to show superiority of IMPELLA in the 
improvement of prognosis.256,257 Although IMPELLA has 
been used alone to treat fulminant myocarditis,258 it should 
be remembered that it may not provide sufficient cardiac 
support alone because fulminant myocarditis is often 
complicated with right HF. Similarly, cardiac support with 
IMPELLA alone will be unrealistic when the patient has 
ventricular fibrillation or cardiac arrest. VA-ECMO should 
therefore be used in combination with IMPELLA. When 
using IMPELLA in combination with VA-ECMO, left 
ventricular unloading may be expected, while possible 
coronary and cerebral hypoxia due to inadequate oxygen-
ation by the patient’s lungs should be considered.

Echocardiography plays an important role in the 
assessment of IMPELLA’s placement position. Physicians 
should ensure that the blood inlet area is placed in the left 
ventricle without interfering with the mitral leaflet or the 
papillary muscle and that the outlet area is located above 
the aortic valve without touching it.259

Complications of pump insertion include ischemia and 
bleeding in the lower limb on the IMPELLA insertion side. 
Patients with myocarditis often have a small left ventricular 

cavity due to myocardial edema. IMPELLA contacting the 
left ventricular wall may cause ventricular arrhythmia, 
hemolysis, and intrapump thrombosis.

c) VA-ECMO
Comprising a percutaneously insertable cannula, a centrifugal 
pump, and an extracorporeal membrane oxygenator, 
VA-ECMO can be introduced relatively easily to support 
the right and left heart as well as respiration. VA-ECMO 
is the key MCS device for treating fulminant myocarditis. 
Indications, introduction, operation, weaning, and compli-
cation management are described later for the correct use 
of VA-ECMO (see Section 1.1.5).

The post-VA-ECMO survival to discharge rate is 
47–83.3% in patients with fulminant myocarditis.260 Post-
procedural prognosis is relatively favorable compared with 
other etiplogies.260 The Survival After Veno-arterial ECMO 
(SAVE) score can be used as a predictor of post-VA-ECMO 
survival.261

Table 22 shows the recommendations of percutaneous 
circulatory support for fulminant myocarditis and the level 
of evidence.

  ▋ 1.1.3 Circulatory Support Requiring Thoracotomy
Generally, VA-ECMO is performed by percutaneous 
cannulation from the femoral artery. However, the use of 
VA-ECMO or an extracorporeal ventricular assist device 
(VAD) under thoracotomy should be considered when (1) 
hemodynamic management is difficult due to bleeding at 
the site of vascular access or lower limb ischemia; (2) the 
flow rate is insufficient because of the cannula size that fits 
the small vascular diameter; or (3) long-term circulatory 
support is required because of persistent impaired cardiac 
function.

Central ECMO is performed under thoracotomy with a 
cannula inserted into the right atrium to drain blood, which 
is returned to the ascending aorta. Blood drainage from 
the left ventricular apex may be performed simultaneously 
for left ventricular afterload reduction. With central ECMO, 
vascular complications (bleeding from the insertion site, 
lower limb ischemia) associated with femoral VA-ECMO 
may be avoided, and high-flow circulatory support may be 
expected with a larger cannula.

Although central ECMO assists the biventricular and 
lung functions, switching to extracorporeal VAD should 
be considered when longer hemodynamic support is 

Table 22. COR and LOE for Percutaneous Circulatory Support in Fulminant Myocarditis 

COR LOE GOR 
(MINDS)

LOE 
(MINDS)

 VA-ECMO should be used in patients with cardiogenic shock or lethal 
arrhythmia I C B IVa

Use of IMPELLA can be considered in patients with cardiogenic shock IIa C B IVa

Use of IABP can be considered in patients with cardiogenic shock IIa C B IVa

Use of IABP or IMPELLA can be considered in combination with VA-ECMO IIa C B IVa

 Use of IABP or IMPELLA alone is not recommended in patients with life-
threatening arrhythmias, right heart failure, and significant respiratory failure

III (No 
benefit) C C2 V

COR, class of recommendation; GOR, grade of recommendation (Medical Information Network Distribution Service 
[MINDS]); IABP, intra-aortic balloon pump; LOE, level of evidence (MINDS); VA-ECMO, veno-arterial extracorporeal 
membrane oxygenation.
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required. The outflow graft connected to the ascending 
aorta and the drainage cannula inserted into the left atrium 
or ventricle pass through the patient’s skin and are 
connected to the extracorporeal pump of the LVAD, which 
greatly improves pulmonary congestion.

As an extracorporeal VAD, use of the pulsatile flow 
pump (Nipro VAD) is covered by National Health 
Insurance and has been used in Japan. Currently, more 
institutions are using extracorporeal centrifugal pumps 
(continuous flow pumps). A continuous flow pump (Biofloat 
VAD) was listed in 2021 as an extracorporeal VAD on the 
National Health Insurance price list. The flow volume is 
easily controlled with an extracorporeal VAD with a 
continuous flow pump. The target level of anticoagulation 
therapy is PT-INR 2.5–3.5 with warfarin and activated 
clotting time (ACT) of 150–170 s with heparin. In contrast, 
Nipro VAD has an advantage in terms of patient ambula-
tion. Patients using Nipro VAD will find it easier to leave 
their beds and exercise. EXCOR (Berlin Heart) is an extra-
corporeal VAD with a pulsatile flow pump for pediatric 
use, which is reimbursed by National Health Insurance 
price list and has been used clinically.

The right ventricular assist device (RVAD) is a system 
in which the return cannula connected to the pulmonary 
artery and the drainage cannula inserted into the right 
atrium or ventricle pass through the patient’s skin and are 
connected to the pump. A combination of LVAD and 
RVAD is called a biventricular assist device (BiVAD). 
Cardiogenic shock associated with fulminant myocarditis 
may accompany severe right and left HF and may often be 
complicated by pulmonary disorder during its course. 
Hemodynamic support with a LVAD alone may be insuf-
ficient. BiVAD or central ECMO may provide more 
effective circulatory support in such cases. The advantage 
of central ECMO is less surgical invasion compared with 
BiVAD and easier management because of its single-pump 
design. However, central ECMO is unsuitable for long-term 
management because an oxygenator is required and it 
provides non-physiological circulation with significantly 
reduced pulmonary blood flow.

Table 23 shows the recommendations of circulatory 
support requiring thoracotomy for fulminant myocarditis 
and the level of evidence.

  ▋ 1.1.4 Implantable VAD and Heart Transplantation (Table 23)
LVAD with a small continuous flow pump placed in the 
patient’s body is called an implantable LVAD. Heart 
transplantation and an implantable LVAD are the treat-
ment options for severe HF resistant to any drug therapy. 
The implantable VAD is reimbursed by National Health 
Insurance as a bridge to transplantation (BTT) or desti-

nation therapy (DT) in Japan. Fulminant myocarditis 
follows an acute course. Neither heart transplantation nor 
implantable VAD is indicated for the treatment of fulmi-
nant myocarditis in general because many patients will 
recover once they survive the acute phase. In some patients, 
however, cardiac dysfunction may persist even 30 days 
after onset of fulminant myocarditis and eventually becomes 
chronic active myocarditis or chronic inflammatory 
cardiomyopathy. A repeat endomyocardial biopsy should 
be performed for pathological reevaluation of inflammatory 
activity when a prolonged inflammatory response and 
increased troponin levels are shown in blood tests. No 
criteria have been established for early prediction of 
improvement of cardiac function; therefore, the development 
of prediction criteria is warranted. Heart transplantation 
or implantable LVAD may be indicated for treating severe 
HF diagnosed as chronic active myocarditis or chronic 
inflammatory cardiomyopathy based on the severity of HF 
and other medical and social conditions.

  ▋ 1.1.5 Management of VA-ECMO (Figure 23)
a) Indication
The indications of VA-ECMO for the treatment of fulmi-
nant myocarditis include life-threatening arrhythmias 
(including asystole) and low-output state secondary to 
cardiac pump failure. Note that both lethal arrhythmias 
and low-output state are present in fulminant myocarditis. 
Although the major cause of death in patients with fulmi-
nant myocarditis is disease-related circulatory failure, 
complications associated with a MCS device cannot be 
ignored and excessive use should be strictly avoided.

Early use of VA-ECMO should be considered when an 
exacerbation is predicted, because multiple organ failure 
will follow cardiopulmonary arrest, making subsequent 
treatment difficult. When the patient develops cardio-
pulmonary arrest, it is important to minimize the risk of 
death due to sudden circulatory collapse, especially the risk 
of central nervous system damage. Appropriate cardiopul-
monary resuscitation is crucial. However, drug therapy or 
cardioversion for ventricular tachycardia and fibrillation 
associated with fulminant myocarditis is often unsuccessful. 
In this case, there should be an immediate switch to VA-
ECMO while continuing cardiopulmonary resuscitation 
[extracorporeal cardiopulmonary resuscitation (ECPR)] 
when direct-current cardioversion is ineffective or ventricular 
tachycardia/fibrillation recurs easily. Ventricular tachycardia 
may often subside spontaneously after starting VA-ECMO.

Use of VA-ECMO should not be hesitated in patients 
with multiple organ failure due to insufficient organ perfu-
sion associated with a low-output state secondary to 
cardiac pump failure. In patients with gradual progression 

Table 23. COR and LOE for Circulatory Support Requiring Thoracotomy in Fulminant Myocarditis

COR LOE GOR 
(MINDS)

LOE 
(MINDS)

 Use of central ECMO or extracorporeal VAD can be considered in patients in 
whom percutaneous circulatory support is ineffective for circulation 
management

IIa C C1 V

 Use of implantable LVAD can be considered when the cardiac function does 
not improve with initial appropriate treatment IIa C C1 V

COR, class of recommendation; GOR, grade of recommendation (Medical Information Network Distribution Service 
[MINDS]); LOE, level of evidence (MINDS); VAD, ventricular assist device; VA-ECMO, veno-arterial extracorporeal 
membrane oxygenation.
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1) Decision of the initial supporting flow rate
2) Establish of distal perfusion
3) Continuous monitoring by Swan-Ganz catheter

Central ECMO,
Extracorporeal LVAD/BiVAD

Consider indications for heart transplantation or
implantable LVAD if there is no improvement of
cardiac function 30 days or more after onsetPerform VA-ECMO off test after heparin bolus

Attempt weaning if there is no worsening of hemodynamics and
cardiac function

1) Maintenance of circulation
    Indices: flow rate, urine volume, SvO2, metabolic acidosis, lactate
    levels, laboratory data (serum bilirubin, serum creatinine, etc.)
2) Serial assessment of cardiac function
    Indices: markers for myocardial damage, electrocardiography,
    echocardiography, hemodynamics
3) Maintenance of appropriate anticoagulation
4) Maintenance of appropriate intra-circuit pressure

Cardiopulmonary
resuscitation

±IABP/IMPELLA

See Table 24

Successful

Unsuccessful

Sheath placement in femoral artery and vein

Catecholamine, PDE III inhibitor

No improvement of hypoperfusion

If severe right ventricular
failure is documented Swan-Ganz catheter placement

IABP/IMPELLA
Improvement of
hypoperfusion

No improvement of hypoperfusion Continue treatment

Indication 1:
Fatal arrhythmias (including asystole)

Indication 2: 
Low cardiac output

Introduce VA-ECMO

1) Improving trend of cardiac function
2) Circulation maintained at a supporting flow rate of <1.5 L/min

Weaning

1) Difficulty in controlling puncture site bleeding or lower limb ischemia
2) Sufficient flow rate is not achieved
3) No signs of improvement of cardiac function, requiring long-term
    circulatory support

Management for
complications

Management

Consider weaning

Consider conversion to circulatory supports requiring thoracotomy

Figure 23.  VA-ECMO management flowchart for fulminant myocarditis. ECMO, extracorporeal membrane oxygenation; BiVAD, 
biventricular assist device; IABP, intra-aortic balloon pumping; LVAD, left ventricular assist device; PDE, phosphodiesterase; VA-ECMO, 
veno-arterial ECMO. (Source: Prepared based on the Guidelines for diagnosis and treatment of myocarditis [JCS 2009].1)
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of cardiac pump failure, inotropes, IABP/IMPELLA, or 
VA-ECMO should be appropriately used while monitoring 
the clinical indicators over time. IABP or IMPELLA 
should be the first choice when the patient is unresponsive 
to inotropic drugs. VA-ECMO may be a priority when an 
exacerbation is predicted or left ventricular support alone 
is ineffective because of right HF. Possible predictors of an 
exacerbation include (1) an increase in the left ventricular 
wall thickness, (2) an increase in biomarkers for myocardial 
damage, and (3) heart rhythm abnormalities.247

b) Introduction
If there is sufficient time, the physician should measure the 
arterial and venous diameters at the insertion sites using 
contrast CT or ultrasound in advance to select cannulas of 
suitable sizes. The return and drainage cannulas are usually 
inserted into the femoral artery and vein. However, the 
internal jugular vein may be used for drainage, and the 
axillary/subclavian arteries may be used to return the blood 
in rare cases. The mean flow rate should be 2–3 L/min with 
a 17-Fr return cannula and a 21-Fr drainage cannula. The 
flow rate should be determined by the size and the location 
of the return/drainage cannulas.

An adequate flow rate cannot be secured if the cannula 
is too small. Conversely, a cannula that is too large may 
cause vascular complications. Once the patient has a 
life-threatening arrhythmia, cannulation during cardiopul-
monary resuscitation is often difficult and may increase the 
risk of infection and bleeding. When disease progression is 
expected, venous cutdown is recommended to prepare for 
cannulation before the hemodynamic collapse. Prophylactic 
distal perfusion is recommended at the return cannula 
insertion site to reduce the incidence of lower limb ischemic 
complications.262

c) Management and Monitoring
Hemodynamic monitoring with right heart catheterization 
is recommended for all patients on VA-ECMO. The goal 
is maintenance of appropriate preload and afterload with 
VA-ECMO and/or IABP/IMPELLA, and most impor-
tantly, sufficient organ perfusion. The target total own 
cardiac output and VA-ECMO flow rate is ≥2.5 L/min/m2. 
A higher flow rate is needed in patients with organ damage, 
such as acute kidney or liver injury, and those with infection. 
The flow rate should be monitored as well as the indicators 
for organ perfusion (i.e., urine volume, SvO2, metabolic 
acidosis, lactate level, and other blood test results e.g., total 
bilirubin, creatinine) to ensure adequate organ perfusion. 
If the necessary flow rate cannot be achieved, the cause 
should be identified. Adding a cannula or switching to a 
MCS device requiring thoracotomy may be considered. 
The flow rate should be adjusted appropriately because an 
excessively high flow rate may increase the afterload or 
cause hemolysis.

While the patient is on VA-ECMO, echocardiography 
should be performed daily to monitor cardiac function and 
to check for aortic valve opening and left ventricular 
thrombus. If not already used, the use of IABP or 
IMPELLA in combination should be considered if aortic 
valve opening cannot be achieved with adequate flow rate 
and afterload, and progression of pulmonary congestion 
and blood stagnation in the left ventricle are noted.263

An arterial line should be secured in the right radial 
artery. Where the blood flow from the patient’s lungs 
mixes with that from VA-ECMO is called the mixing zone, 

which can be speculated by simultaneously analyzing the 
blood gas in the right radial artery and the oxygenator. 
When the mixing zone is in the ascending aorta, failure of 
aortic valve opening may likely cause pulmonary congestion 
and blood stagnation in the left ventricle. Gradual distal 
shifting of the mixing zone under a constant ECMO flow 
indicates an improvement in cardiac function. Oxygenation 
of the patient’s lungs is crucial because the blood passing 
through them is perfused in the coronary artery and the 
brain.

The type of anticoagulation therapy and the monitoring 
method used for patients on VA-ECMO vary among the 
institutions. Unfractionated heparin is commonly used in 
Japanese institutions. In general, bolus unfractionated 
heparin 50–100 U/kg is given before cannulation, after 
which ACT or the activated partial thromboplastin time 
(APTT) is controlled at 1.5–2.5-fold of the normal institu-
tional value (ACT 180–220 s or APTT 50–60 s for reference). 
Nonetheless, several patients on VA-ECMO will eventually 
have disseminated intravascular coagulation (DIC), 
decreased platelets, and bleeding. An appropriate target 
value should be determined based on the conditions of the 
individual patient.

d) Weaning
Generally, VA-ECMO is designed for circulatory support 
for 1–2 weeks. Long-term use of VA-ECMO increases the 
risk of complications. Fulminant myocarditis is an acute 
disease in many cases. Weaning the patient from VA-
ECMO should be immediately considered when the 
myocardial inflammation subsides, and cardiac function is 
sufficiently improved. Weaning should be considered 
achieved when cardiac enzymes decrease, when ECG 
findings improve, or when an echocardiogram shows 
improvement in myocardial edema and wall motion. An 
aortic valve opening time measured with an M-mode 
echocardiogram [corrected left ventricular ejection time 
(LVETc = LVET / RR)] >200 ms is one criteria for weaning.250

A Swan-Ganz catheter should be placed when weaning 
the patient from VA-ECMO. A weaning test should be 
performed once the following are confirmed: improvement 
of cardiac function, SvO2 ≥65%, normal lactate level, no 
acidosis shown by arterial blood gas analysis, no progres-
sion of organ damage shown by biochemical blood tests, 
and constant urinary volume when the flow rate of VA-
ECMO gradually decreases to <1.5 L/min. Oxygenation and 
ventilation of the patient’s lungs should be also confirmed. 
Multiple factors, including hemodynamics, cardiac func-
tion, respiratory function, and organ damage, should be 
comprehensively evaluated before VA-ECMO weaning.264,265 
A VA-ECMO off-test can be performed by turning it off 
while administering a bolus of heparin and ensuring the 
absence of right heart expansion, increase in right atrial/
pulmonary arterial pressure, decrease in SvO2, and abnormal 
arterial blood gas analysis.

e) Complication Management (Table 24)
i. Lower Limb Ischemia
In the initial several days of using VA-ECMO, patients can 
die of multiple organ failure despite improvement in cardiac 
function. Lower limb ischemia is the major cause of multiple 
organ failure, and it can result from incompatibility of 
return/drainage catheter diameters and femoral arterial/
venous diameters in some cases, while bleeding and 
hematoma formation associated with frequent catheter 
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insertions may also be the cause. Patients with fulminant 
myocarditis often manifest a feeble arterial pulse, making 
VA-ECMO cannulation difficult. Therefore, it is recom-
mended to place sheaths in the femoral artery/vein in 
patients expected to deteriorate. Prompt establishment of 
distal perfusion in the return circuit is recommended after 
starting VA-ECMO to prevent lower limb ischemia.262 
Distal perfusion establishment after the occurrence of 
ischemia is often ineffective.

ii. Pulmonary Complications
An increase in left ventricular afterload associated with 
retrograde blood flow from VA-ECMO and fluid overload 
due to excessive fluid infusion will cause pulmonary 
congestion, inhibit oxygenation of the patient’s lungs, and 
reduce lung ventilatory performance. Hypoxia may not be 
a significant issue while oxygenated arterial blood from 
VA-ECMO flows through the body. However, once the 
patient’s cardiac function improves and the blood passing 
through the patient’s lungs starts circulating in the body, 
there is a risk of hypoxia, particularly in the coronary artery 
and the carotid artery (i.e., north–south syndrome). To 
prevent pulmonary congestion, it is important to reduce 
the left ventricular afterload by using IABP or IMPELLA 
in combination with VA-ECMO and control the preload 
to maintain central venous pressure at an appropriate level 
(<10 mmHg). It is also important to change the position of 
the patient on VA-ECMO as frequently as possible and 
perform suctioning by bronchoscopy as necessary to 
prevent/treat atelectasis.

iii. Bleeding and Hemolysis
To prevent hemolysis, pressure in the return/drainage 
cannula should be measured and the return pressure 
adjusted to <300 mmHg and the drainage pressure to 
>−100 mmHg.260 Hemolysis can be detected based on 
hemoglobinuria (change in urine color), LDH, and free 
hemoglobin in the blood. The Extracorporeal Life Support 
Organization (ELSO) guidelines recommend measuring 

free hemoglobin for the diagnosis of hemolysis. Normal 
free hemoglobin is <10 mg/dL. If free hemoglobin increases, 
the cause should be explored.264 Haptoglobin is generally 
considered for the treatment of hemolysis. Intervention to 
address the cause of extensive hemolysis is necessary, 
because otherwise irreversible renal failure can occur.

Anticoagulant therapy must continue while the patient 
is on VA-ECMO. Bleeding complications may occur, 
particularly at the puncture sites. Switching to a MCS 
device requiring thoracotomy should be considered if 
bleeding from the puncture sites cannot be controlled with 
compression or suture. Moreover, bleeding in other areas, 
such as the gastrointestinal tract, often occurs during 
intensive care. The hemoglobin level should be constantly 
monitored, and CT or endoscopy should be performed to 
search for the source of bleeding as necessary.

iv. Multiple Organ Failure
The patient will already be in cardiogenic shock when 
VA-ECMO is started. Progression of multiple organ failure 
is often noted in the early stage. Organ damage will gradually 
be reversed as the hemodynamics improve with VA-ECMO. 
Unchanged or aggravated organ damage must be managed 
by identifying the cause, such as insufficient hemodynamic 
support by VA-ECMO, complication with infection, and 
embolism. Continuous hemofiltration should be used in 
patients with renal failure and those requiring fluid 
adjustment. Infection will be unavoidable with long-term 
VA-ECMO. Although some studies suggest the usefulness 
of prophylactic antimicrobials, no consensus has been 
reached.266,267

 ▋1.2  Management of Patients With Stable 
Hemodynamics

The prognosis of acute myocarditis without decreased 
cardiac function (LVEF <50%), atrial arrhythmia, or 
unstable hemodynamics is relatively better compared with 
acute myocarditis with those signs present in the initial 

Table 24. Common VA-ECMO Complications and Their Management

Complication Prophylaxis Management

 Lower limb 
ischemia

Selection of appropriate cannula size
Distal perfusion

Relaxation incision, conversion to circulatory support 
requiring thoracotomy

 Pulmonary 
complications

Management of appropriate preload/
afterload
Use of inotropes or IABP/IMPELLA
Postural change

Sputum drainage by bronchoscopy

Hemolysis Management of appropriate outflow/
inflow pressure

Haptoglobin administration
Circuit exchange

 Puncture site 
bleeding

Maintenance of appropriate 
anticoagulation

Hemostasis (compression, suture), blood transfusion, 
conversion to circulatory support requiring thoracotomy

Embolism

Maintenance of appropriate 
anticoagulation
Avoid left ventricular blood stasis
Circuit exchange

Infection
Submission of various cultures
Antimicrobial drug therapy from the 
initial introduction phase

Catheter exchange

Hypoperfusion
Selection of appropriate cannula size
Management of appropriate preload/
afterload

Addition of inflow/outflow cannulas, conversion to 
circulatory support requiring thoracotomy
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stage (5-year cardiac death and heart transplant rate, 0% 
vs. 14.7%).43 However, patients with stable hemodynamics 
or no HF symptoms should also be hospitalized and 
monitored for at least 48 h,268 because many of the symp-
toms and findings of reduced cardiac function appear within 
a few weeks after onset.43

There is no evidence to support the specific efficacy of 
guideline-directed medical treatment (GDMT) for HF 
(i.e., renin-angiotensin-aldosterone inhibitors, β-blockers) 
for acute myocarditis.268 It is unclear whether use of these 
drugs early after onset is effective for the prevention of 
disease progression or reduction of left ventricular function 
in patients with preserved LVEF (>50%).21 In contrast, 
treatment should be continued for at least 6 months in 
patients with reduced LVEF early after onset even if LVEF 
improves (>50%) with the GDMT21,83 recommended for 
HF with reduced ejection fraction (HFrEF).220 In patients 
with reduced LVEF early after onset that does not improve 
with GDMT, reevaluation of cardiac enzymes (e.g., cardiac 
troponin) and endomyocardial biopsy should be considered 
in anticipation of possible chronic active myocarditis or 
chronic inflammatory cardiomyopathy with attention to 
progressive myocardial injury and inflammation. Immuno-
suppressive therapy can be considered based on the 
underlying disease. Patients whose HF symptoms, cardiac 
enzymes, and abnormal ECG and imaging findings have 
improved should avoid intense exercise for 6 months after 
onset.269

Acute myocarditis may progress to chronic active 
myocarditis or chronic inflammatory cardiomyopathy in 
some patients.270 GCM may recur or be aggravated 
depending on the disease status. In lymphocytic myocarditis 
and EM, exposure to an unidentified pathogen or allergen 
may persist. Injured myocardium fibrosing in the recovery 
process may cause recurrence of acute myocarditis in the 
chronic phase, or the heart shape may be deformed (e.g., 
dilated cardiomyopathy) in some patients.271 An observa-
tional study of 1,662 patients with acute myocarditis 
reported recurrence of acute myocarditis or rehospitaliza-
tion in 10.3% during a 4.5-year follow-up.272 Long-term 
regular check-ups, including ECG and cardiac ultrasound, 
are therefore recommended after the symptoms resolve.268 
However, there is no clear evidence concerning an appro-
priate follow-up period.

Table 25 shows the recommendations and levels of 

evidence for the treatment of myocarditis with stable 
hemodynamics.

 ▋1.3 Management of Life-Threatening Arrhythmia
  ▋ 1.3.1 Epidemiology and Pathology

The frequency of acute myocarditis complicated by 
arrhythmia varies from 20% to 100%, depending on the 
study.40,273 Tachyarrhythmia has been reported in many 
patients. The frequency of supraventricular arrhythmia is 
higher compared with ventricular arrhythmia. Autoimmune 
myocarditis is frequently complicated by bradyarrhythmia,80 
and GCM is frequently complicated by ventricular 
arrhythmia (29%) rather than by bradyarrhythmia.89,274 
Myocarditis may be complicated by different types of 
arrhythmias depending on its pathology.275

Myocardial edema and cardiomyocyte injury in the acute 
phase of myocarditis may cause arrhythmia (arrhythmia 
substrate), which may occur in any disease stage.59,82 
According to Japanese studies, the presence and prolon-
gation of a rhythm disorder (ventricular arrhythmia, 
atrioventricular block, asystole) in the acute phase of acute 
myocarditis is a poor prognostic factor.247,276

The mechanism of onset of different types of arrhythmias 
include electrical instability due to direct cell damage, 
myocardial ischemia due to coronary microcirculation 
dysfunction, intercellular gap junction dysfunction, and 
calcium handling and intraventricular conduction distur-
bances.277 Ventricular arrhythmia occurring in association 
with scarred myocardial tissue during the healing process 
of myocarditis comprises monomorphic ventricular 
tachycardia.278 The fibrotic area that serves as the source 
of arrhythmia is shown as a low-voltage area on electro-
physiological testing and detected on delayed enhanced 
cardiac MRI. Although findings of delayed enhanced 
cardiac MRI are associated with concurrent ventricular 
arrhythmia,43,48,279 patients without LVEF reduction may 
also have arrhythmia substrates.280 It is considered that 
there is no clear correlation between LVEF and frequency 
of arrhythmia.281

  ▋ 1.3.2 Bradyarrhythmia
Sick sinus syndrome is relatively rare among the bradyar-
rhythmias complicating acute myocarditis. Although 
complete atrioventricular block is infrequent, except in 

Table 25. COR and LOE for the Treatment of Acute Myocarditis With Stable Hemodynamics 

COR LOE GOR 
(MINDS)

LOE 
(MINDS)

 Hospitalization and monitoring for at least 48 h can be considered in patients 
even with stable hemodynamics or no HF symptoms IIa C C1 VI

 GDMT for HFrEF can be considered in patients with reduced LVEF (<50%) 
early after onset IIa C C1 VI

GDMT for HFrEF may be considered in patients with adequate LVEF (≥50%) IIb C C2 VI

 Intense exercise may need to be avoided for 6 months after onset in patients 
whose HF symptoms, cardiac enzymes, and abnormal ECG and image 
findings have improved

IIb C C1 VI

 Long-term regular check-ups, including ECG and cardiac ultrasound, can be 
considered after the symptoms resolve IIa C C1 VI

COR, class of recommendation; ECG, electrocardiogram; GDMT, guideline-directed medical treatment; GOR, grade 
of recommendation (Medical Information Network Distribution Service [MINDS]); HFrEF, heart failure with reduced 
ejection fraction; LOE, level of evidence (MINDS); LVEF, left ventricular ejection fraction.
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particular types of myocarditis (i.e., GCM and autoimmune 
myocarditis80), the prognosis of myocarditis complicated 
by advanced atrioventricular block is poor.247,276

Temporary pacing will be effective when the patient’s 
condition is complicated by complete atrioventricular block 
and involving unstable hemodynamics. Immunosuppressive 
therapy with steroids may promote recovery of atrioven-
tricular nodal conduction. However, the long-term efficacy 
of immunosuppressive therapy is unknown.80 Atrioven-
tricular block is transient and resolves in ≈1 week in 
many cases. In some patients, however, it may persist even 
after the acute phase, requiring permanent pacemaker 
implantation.282

  ▋ 1.3.3 Lethal Ventricular Arrhythmia
a) Basic Management in the Acute Phase
There is scarce evidence regarding the efficacy of drug 
therapy for symptomatic ventricular arrhythmia in acute 
myocarditis. Temporary pacing, sedation and mechanical 
ventilation management, and circulatory support with a 
MCS device are required in patients with unstable hemo-
dynamics and lethal ventricular arrhythmia unresponsive 
to drug therapy or electrical cardioversion.82,247,283

b) Electrical Storm
An arrhythmia occurs when an arrhythmic substrate is 
present in the myocardium. HF and alteration of autonomic 
function are the modifiers. Arrhythmic substrates include 
anatomic substrates (e.g., scarred myocardial tissue) and 
electrical substrates (e.g., ion channel dysfunction).284 As 
these arrhythmic substrates are made highly unstable by 
the modifiers, the frequency of arrhythmia increases while 
the sensitivity to electrical cardioversion and drugs 
decreases, causing an electrical storm (a state of continuous 
or recurrent arrhythmia resistant to drug therapy).

Factors for unstable arrhythmic substrates include 
HF, myocardial ischemia, abnormal electrolytes, use of 
catecholamines, and mental/physical stress. According to 
a study in patients with an implantable cardioverter defibril-
lator (ICD), reduced cardiac function, prolonged QRS, 

and failure to use renin-angiotensin-converting enzyme 
inhibitor or β-blocker were factors affecting the onset of 
electrical storm.285 These factors must be examined and 
managed in parallel with the treatment in the acute phase. 
Many of the factors cause excessive excitation of the 
sympathetic nervous system. Notably, the purpose of 
managing the factors is to reduce the excitation of sympa-
thetic nerves. In a study of electrical storm immediately 
after myocardial infarction, the mortality rate within 1 
week was significantly lower in patients treated with a 
β-blocker or stellate ganglion block for sympathetic block 
compared with patients treated with an antiarrhythmic 
agent (22% vs. 82%).286 Many acute-phase treatments for 
HF suppress arrhythmia by inhibiting the excitation of the 
sympathetic nervous system. Tracheal intubation and deep 
sedation of the patient will be useful to promptly and 
effectively suppress the sympathetic nerves. Sedation relieves 
the patient’s pain and may suppress an electrical storm by 
inhibiting intrinsic sympathetic activity.

Temporary pacing may also be effective for suppressing 
an electrical storm. However, not every electrical storm 
will be suppressed. Termination of tachycardia may be 
expected when the electrical storm is caused by re-entry 
ventricular tachycardia or when it is a torsade de pointes 
electrical storm. Thus, sedation and temporary pacing are 
effective in some patients, while others may have an electrical 
storm that cannot be suppressed or may develop cardiac 
arrest.

A MCS device should be used immediately in patients 
whose electrical storm cannot be suppressed by initial 
treatments. VA-ECMO is the first-line MCS device for an 
electrical storm, as it assists both ventricles. Many patients 
with ventricular tachycardia or ventricular fibrillation 
can be expected to survive with appropriate treatment. 
Thus, ECPR with VA-ECMO is a useful and effective 
resuscitation.287 Extracardiac provoking factors and 
underlying disease that may induce secondary ventricular 
arrhythmia should be identified and eliminated to the 
extent possible to suppress ventricular arrhythmia during 
VA-ECMO management. In HF, calcium ion influx into 

Table 26. COR and LOE for the Treatment of Fatal Ventricular Arrhythmia in Acute Myocarditis

COR LOE GOR 
(MINDS)

LOE 
(MINDS)

 Temporary pacing should be used in patients with unstable hemodynamics 
due to bradyarrhythmia I C B V

 Permanent pacemaker implantation can be considered in patients with 
persistent symptomatic bradyarrhythmia even after the acute phase IIa C B V

 Sedation can be considered to suppress sympathetic activity in an electrical 
storm IIa B B V

 Temporary pacing can be considered for re-entry ventricular tachycardia and 
torsade de pointes/polymorphic ventricular tachycardia IIa B B V

 VA-ECMO should be used in patients with lethal arrhythmia (electrical storm 
in particular) I B B V

 WCD can be considered to prevent sudden death in patients with a high risk 
of sudden cardiac death or complicating ventricular arrhythmia in the acute 
phase

IIa B B I

 The indication of an implantable device (ICD, CRT-D) for sudden death 
prevention can be determined 3–6 months after the acute phase or later, 
based on the clinical course and the pathological assessment

IIa C C1 V

COR, class of recommendation; CRT-D, cardiac resynchronization therapy defibrillator; GOR, grade of 
recommendation (Medical Information Network Distribution Service [MINDS]); ICD, implantable cardioverter 
defibrillator; LOE, level of evidence (MINDS); VA-ECMO, veno-arterial extracorporeal membrane oxygenation; WCD, 
wearable cardioverter defibrillator.
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the cytoplasm leads to intracellular calcium ion overload 
in diastole due to sympathetic tone and dysfunction of the 
sarcoplasmic reticulum calcium ion ATPase and ryanodine 
receptor. Delayed afterdepolarization-induced triggered 
activity will be promoted.288 Therefore, it is necessary to 
have an appropriate flow rate setting to prevent an excessive 
increase of intracardiac pressure and fluid adjustment in 
VA-ECMO management.

  ▋ 1.3.4. Prevention of Sudden Cardiac Death
The risk of sudden cardiac death due to complicating fatal 
arrhythmias in myocarditis is unrelated to the severity of 
inflammation and may persist even after the inflammation 
subsides in the acute phase.289 Therefore, the indication of 
ICD and cardiac resynchronization therapy defibrillator 
(CRT-D) should be considered in the chronic phase to 
prevent sudden cardiac death, even in recovering patients, 
if ventricular arrhythmia persists.283

Resolution of inflammation and recovery from persistent 
myocardial injury should be confirmed before determining 
the indication. Early device implantation based on reduced 
LVEF alone should be avoided in patients without 
arrhythmia. In patients with a high risk of sudden cardiac 
death277 and those with lymphocytic myocarditis compli-
cated by ventricular arrhythmia in the acute phase, it is 
recommended to consider using a wearable cardioverter 
defibrillator (WCD) early during the hospitalization.290 
The indication for an implantable device should be deter-
mined 3–6 months after the acute phase or later, based on 
the clinical course and the pathological assessment and in 
accordance with the guidelines on non-pharmacotherapy 
of cardiac arrhythmias.21,283,291

Table 26 shows the recommendations and levels of 
evidence for treating lethal ventricular arrhythmia.

2. Immunosuppressive Therapy

The efficacy of immunosuppressive therapy for myocarditis 
differs according to the etiology.292–294 For lymphatic 
myocarditis it is yet to be supported by sufficient evidence.61 
In contrast, patients with EM respond favorably to 
immunosuppressive therapy, with an increase in the survival 
rate of patients with GCM.295–297

 ▋2.1 Acute Lymphocytic Myocarditis
Many patients with acute lymphocytic myocarditis recover 
spontaneously from the disease. Even patients with severe 
HF may show improvement in cardiac function after 
standard HF treatment if systemic organ perfusion can be 
maintained with MCS device used for circulatory failure in 
the acute phase.250,298–300 Therefore, the therapeutic efficacy 
of immunosuppressants is yet to be supported by clear 
evidence. Several RCTs292,301–304 evaluating the efficacy of 
immunosuppressive therapy for acute lymphocytic myocar-
ditis classified the disease into viral and nonviral myocarditis 
based on the detection of viruses in the myocardium. 
Immunosuppressive therapy may be considered when the 
patient has a recurrence, recurring exacerbation, or persis-
tent inflammatory cell infiltration (e.g., when chronic 
active myocarditis is strongly suspected), given the possible 
involvement of autoimmune disease or noninfectious 
disease. However, the therapeutic efficacy is unclear because 
accurate differentiation of chronic active myocarditis is 

difficult.
An RCT evaluating the efficacy of steroids in myocarditis 

and inflammatory dilated cardiomyopathy showed that the 
treatment had no clinical efficacy in terms of LVEF 
improvement or increase in survival rate.305 Among the 
studies of combined steroids and immunosuppressants, 2 
RCTs reported improvement in LVEF and symptoms,301,303 
but an RCT of combined steroids and azathioprine or 
cyclosporin showed no significant improvement in LVEF 
or symptoms compared with placebo.306

CQ2:
Is steroid pulse therapy recommended in patients with acute 
lymphocytic myocarditis?
Recommendation: No systematic review and meta-analysis 
can be conducted to generate a recommendation because the 
efficacy of steroid pulse therapy for lymphocytic myocarditis 
has not been studied to date. Sparse evidence is available to 
support routine steroid pulse therapy in patients with acute 
lymphocytic myocarditis.
Comment (see Supplementary Appendix 2 for details)

A literature search was performed for the CQ. See 
Supplementary Appendix 2 (SR-1) for the search formula 
and Supplementary Appendix 2 (SR-2) for the literature 
search flow chart.

The search formula was created with P “lymphocytic 
myocarditis [MeSH]” AND I “steroid pulse therapy [tiab]” 
(*see Supplementary Appendix 2 (SR-2) for other search 
keywords). A total of 20 articles was found in the PubMed 
search. The contents of the articles were reviewed based on 
the titles and the abstracts. Most of the articles were case 
reports. No RCT or observational study was found. The 
results of searches on the CENTRAL (n=3) and ICHUSHI 
(n=118) databases were similar.

A new search formula was created to expand the search 
scope, on the suspicion that the specific search word “steroid 
pulse therapy” may have decreased the number of articles 
found in the prior search. The new search formula was 
created with P “lymphocytic myocarditis [MeSH]” AND I 
“steroid [tiab]” (*see Supplementary Appendix 2 (SR-2) for 
other search keywords). This time, 44 articles were found 
in the PubMed search. The contents of the articles were 
reviewed based on the titles and the abstracts. There were 
2 review articles on immunosuppressive therapy for 
myocarditis.307,308 The articles mentioned systematic 
reviews and meta-analyses of data on the combination of 
steroids and immunosuppressants but not steroid pulse 
therapy. The CENTRAL search (n=77) found a study of 
immunosuppressive therapy (prednisolone and cyclosporin 
or azathioprine) for myocarditis;306 however, no article on 
steroid pulse therapy was found.

Thus, no systematic review and meta-analysis will be 
feasible because the efficacy of steroid pulse therapy for 
lymphocytic myocarditis has not been studied.

No evidence is currently available to support the efficacy 
of immunosuppressive therapy for acute lymphocytic 
myocarditis.3 Therefore, routine immunosuppressive 
therapy is not recommended. Detection of viral genome in 
myocardial tissue will be difficult in the acute phase; 
however, immunosuppressive therapy may be considered 
in patients with presumed nonviral myocarditis and unstable 
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hemodynamics. Immunosuppressive therapy may also be 
considered to prevent recurrence in the subacute or chronic 
phase in myocarditis patients who show poor improvement 
when the involvement of autoimmune disease is strongly 
suspected, even if their hemodynamics are stable.

Table 27 shows a sample protocol of immunosuppressive 
therapy for acute lymphocytic myocarditis.

 ▋2.2 Chronic Active Lymphocytic Myocarditis
No clear evidence has been established to support the 
therapeutic efficacy of immunosuppressive therapy for 
chronic active lymphocytic myocarditis in which inflam-
matory cell infiltration and HF symptoms persist for >1 
month after onset.

An RCT of 6-month treatment with steroids and 
azathioprine reported a significant improvement in LVEF 
compared with the standard HF treatment in a chronic 
phase of viral myocarditis with proven negative viral 
genome.301 Other study has also reported improvement of 
LVEF with steroids; however, the level of evidence is 
insufficient and improvement of survival rate has not been 
reported.309 Further investigation is warranted.

 ▋2.3 Acute Eosinophilic Myocarditis
EM generally responds well to steroid pulse therapy 
compared with GCM.310–312 Although rarely used, mycophe-
nolate mofetil313 and azathioprine314 may be second-line 
drugs. Symptoms may resolve with concomitant immuno-
suppressants, even in patients who require inotropes or 
mechanical circulation assistance.313,315,316 However, the 
appropriate duration of steroid therapy and risk factors 
for recurrence differ depending on the underlying disease.

Recurrence with an increase in troponin level and 
reduction of cardiac function has been reported, and 
mepolizumab or alemtuzumab should be considered when 
recurrence occurs.317 A search for other systemic diseases 
is particularly important in cases of recurrence. If the 
recurrence involves a systemic disease, immunosuppressive 
therapy should be provided based on the underlying disease.

Table 28 shows a sample protocol of immunosuppressive 
therapy for acute eosinophilic myocarditis.

 ▋2.4 Giant Cell Myocarditis
The survival rate of patients with GCM, which was once a 

Table 27. Sample Protocol of Immunosuppressive Therapy for Acute Lymphocytic Myocarditis

First 3 days Up to 1 year 1 year and thereafter

Steroid pulse therapy Aftertreatment Maintenance therapy

 Unstable 
hemodynamics 
(Note 2)

Methylprednisolone 
1 g/day × 3 days

Prednisolone, beginning with 0.5–1 mg/kg/day
•   Reduce the dose by 5 mg/day every 7 days 

(thereafter consider discontinuation)
Consider dose reduction/discontinuation while 
paying attention to signs of recurrence, if there 
is no evidence suggesting inflammation and 
progressive damage to the myocardium in 
terms of blood troponin levels, diagnostic 
imaging (echocardiography, cardiac MRI, etc.), 
myocardial biopsy, etc.

In the case of poor response to the initial 
treatment, consider concomitant use of the 
following immunosuppressants:

Cyclosporin 100–150 ng/mL (trough)
  or
Tacrolimus 5–10 ng/mL (trough)
  or
Azathioprine 1.5–2.0 mg/kg/day

 Stable 
hemodynamics Not considered (Note 3)

Note 1: The effect of immunosuppressive therapy for acute lymphocytic myocarditis is limited, and therefore its routine use is not recommended.
Note 2: Although detection of viral genome in myocardial tissue is difficult in the acute phase, implementation of immunosuppressive therapy 
may be considered in patients with presumed nonviral myocarditis and unstable hemodynamics.
Note 3: Immunosuppressive therapy may be considered to prevent recurrence in the subacute or chronic phase in myocarditis patients who 
show poor improvement when involvement of autoimmune disease is strongly suspected even if their hemodynamics are stable.

Table 28. Sample Protocol of Immunosuppressive Therapy for Acute Eosinophilic Myocarditis

First 3 days Up to 1 year 1 year and thereafter

Steroid pulse therapy Aftertreatment Maintenance therapy

 Unstable 
hemodynamics

Methylprednisolone 
1 g/day × 3 days

Idiopathic or hypersensitivity eosinophilic myocarditis

Prednisolone 0.5–1 mg/kg/day
•  Reduce the dose by 5 mg/day every 7 days
•  Also consider tapering to discontinuation

Consider dose reduction/discontinuation while 
paying attention to signs of recurrence, if there 
is no evidence suggesting inflammation and 
progressive damage to the myocardium in 
terms of blood troponin levels, diagnostic 
imaging (echocardiography, cardiac MRI, etc.), 
myocardial biopsy, etc. Stable 

hemodynamics

Not considered 
(Consider beginning 
from aftertreatment 
protocol)

Eosinophilic granulomatosis with polyangiitis or eosinophilia syndrome

Treatment should be in accordance with the management of the underlying disease
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fatal disease, has improved with immunosuppressive 
therapy.318,319 Calcineurin inhibitors or anti-T cell antibodies 
reduced myocardial tissue inflammation and improved the 
survival rate compared with steroids in studies of immuno-
suppressive therapy in a mouse model of GCM.89,320 The 
survival rate was not improved with steroids alone in 
patients with GCM.89 Although complete remission was not 
achieved, the survival rate improved with the combination 
of steroids and other immunosuppressants in a prospective 
study and a retrospective study.89,321 Sudden discontinuation 
of immunosuppressive therapy resulted in death due to 
recurrence of GCM.322 Immunosuppressive therapy started 
within 12 weeks of the onset of GCM may improve the 
survival rate. Improvement in the survival rate with immu-
nosuppressants, including cyclosporin, has been reported 
in several multicenter prospective observational studies 
and case reports.109,321,323

Early immunosuppressive therapy, particularly combi-
nation therapy with steroids, cyclosporin, and azathioprine 
or muromonab-CD3, improved the median survival rate 
from 3.0 to 12.4 months.89 In the multicenter study,89 11 
patients were treated with steroids and cyclosporin, and 

most also used muromonab-CD3. The 1-year survival rate 
was 73% (8/11).321 Use of muromonab-CD3 is now restricted 
because cytokine release syndrome has been reported as an 
adverse reaction. Azathioprine or mycophenolate mofetil 
with a lower toxicity profile is currently used in combination 
therapy.322,324

According to a Finnish case series of 37 patients, of 
whom 70% received 3-drug combination therapy, 1- and 
5-year survival rates were 80% (95% CI [64%, 90%]) and 
58% (95% CI [44%, 70%]), respectively.98 The treatment 
regimen used in that study was designed at a time when 
cyclosporin and azathioprine were the standard immuno-
suppressive treatment for heart transplant rejection. Recent 
studies reported that the treatment protocol with tacrolimus 
and mycophenolate mofetil was associated with fewer 
adverse events and higher efficacy compared with the 
protocol with cyclosporin and azathioprine in organ 
transplant patients.325 The use of the former treatment 
protocol has started in patients with GCM. Patients treated 
with tacrolimus (target serum concentration, 8–12 ng/mL 
in short-term treatment and 6–8 ng/mL in long-term 
treatment) had fewer adverse reactions than those treated 

Table 29. Sample Protocol of Immunosuppressive Therapy for Giant Cell Myocarditis

First 3 days Up to 1 year 1 year and thereafter

Steroid pulse therapy Aftertreatment beginning with  
combined use of (1) and (2) Maintenance therapy

 Methylprednisolone 
1 g/day × 3 days

(1) Prednisolone

•  Begin with 0.5–1 mg/kg/day
•  Reduce the dose by 5 mg/day every 7 days
•  Maintain at the minimum dose 5 mg/day

Consider dose reduction/discontinuation while paying attention to 
signs of recurrence, if there is no evidence suggesting inflammation 
and progressive damage to the myocardium in terms of blood 
troponin levels, diagnostic imaging (echocardiography, cardiac 
MRI, etc.), myocardial biopsy, etc.

(2) Cyclosporin or tacrolimus

Ciclosporin
Up to 3 months: 150–300 ng/mL (trough)
3–12 months: 100–150 ng/mL (trough)

75–100 ng/mL (trough)
Adjust according to signs of recrudescence and adverse drug 
reactions

Tacrolimus (if not tolerated, use sirolimus)
Up to 6 months: 10–15 ng/mL (trough)
 6–12 months: 5–10 ng/mL (trough)

5–10 ng/mL (trough)
Adjust according to signs of recrudescence and adverse drug 
reactions

In cases of poor response to combined use of (1) and (2)

Azathioprine 1.5–2.0 mg/kg/day
  or
Mycophenolate mofetil 1.0–2.0 g/day

Consider dose reduction/discontinuation while paying attention to 
signs of recurrence, if there is no evidence suggesting inflammation 
and progressive damage to the myocardium in terms of blood 
troponin levels, diagnostic imaging (echocardiography, cardiac 
MRI, etc.), myocardial biopsy, etc.

Table 30. COR and LOE for Immunosuppressive Therapy in Acute Myocarditis

COR LOE GOR 
(MINDS)

LOE 
(MINDS)

 Routine immunosuppressive therapy is not recommended for acute 
lymphocytic myocarditis

III (No 
benefit) B C2 II

 Steroid pulse therapy should be used for acute eosinophilic myocarditis with 
unstable hemodynamics I C C1 V

 Steroid therapy can be considered for acute eosinophilic myocarditis with 
stable hemodynamics depending on the underlying disease IIa C C1 V

 Combination of immunosuppressive therapy should be initiated in the early 
stage of giant cell myocarditis (see Table 29) I C B III

COR, class of recommendation; GOR, grade of recommendation (Medical Information Network Distribution Service 
[MINDS]); LOE, level of evidence (MINDS).
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with the old regimen.326–328

Only limited evidence is available for the dose of immu-
nosuppressants used to treat GCM and the duration of 
treatment for long-term management. One study reported 
the specific steroid dosing of steroid pulse therapy with 
methylprednisolone 1 g for at least 3 days followed by oral 
prednisolone 1 mg/kg for 1 week and gradually decreasing 
by 5–10 mg/week to 5 mg/day as a maintenance dose.236 
Different dose tapering and dosing intervals have been 
used.321,326 Another study reported steroid discontinuation 
after dose tapering while patients were still on low-dose 
calcineurin inhibitors and mycophenolate mofetil or 
azathioprine.236 Yet another study used low-dose calcineurin 
inhibitors in a long-term management protocol.61 On the 
other hand, the permanent use of low-dose steroids is 
recommended to prevent recurrence in patients undergoing 
heart transplantation due to GCM. Unmonitored dose 
tapering of immunosuppressant induced recurrence of 
GCM. Some patients experienced recurrence more than 8 
years after the initial onset, irrespective of whether the 
heart was the patient’s own or transplanted.99,330

Table 29 shows a sample protocol of immunosuppressive 
therapy for GCM and Table 30 shows the recommendations 
for immunosuppressive therapy for acute myocarditis and 
the level of evidence.

3. Immunomodulatory/Antiviral Therapy

Myocardial damage in myocarditis is caused by direct 
injury from viruses or by indirect injury mediated via an 
immunological mechanism or pro-inflammatory cytokine 
cascade.2 Theoretically, immunomodulatory therapy with 
immunoglobulin targets the fundamental pathophysio-
logical mechanism of myocarditis and may be useful for 
inhibiting inflammation, reducing myocardial damage, and 
improving clinical symptoms and prognosis.21 However, 
data from large-scale multicenter clinical studies are lacking 
and the existing clinical studies have produced inconsistent 
results. No global standard of immunosuppressive or 
immunomodulatory therapy is available.331

 ▋3.1 Intravenous Immunoglobulin
IVIG is a source of passive immunity and helps viral 
clearance. It regulates the functions of antigen-presenting 
cells and regulatory T cells via inhibitory Fc receptors to 
prevent overactivation of cellular immunity, and reduces 
the damage done by cytotoxic T cells to suppress cytokine 
production.332 With such a mechanism, IVIG is expected 
to inhibit inflammation and reduce myocardial damage.

Few large-scale randomized studies have evaluated the 
efficacy of IVIG for the treatment of acute myocarditis. A 
recent systematic review based on the Cochrane database 
included 2 studies of adults, which produced contradictory 
results: one reported an improvement in 60-day survival 
with IVIG, while the other reported no significant benefit.333 
A retrospective study showed no survival advantage for 
inpatients with fulminant myocarditis treated with IVIG.334 
Contrarily, IVIG was found to be useful in some other 
studies. A recent meta-analysis of the benefits of IVIG in 
acute myocarditis showed a significant decrease in in-
hospital deaths and improvement of LVEF.335 An American 
observational study showed that high-dose IVIG might 
significantly increase LVEF in patients with myocarditis 

with LVEF <30%.336 LVEF was maintained even in the 
chronic phase, and the rate of rehospitalization decreased. 
A Japanese multicenter study showed IVIG 1–2 g/kg for 2 
days significantly increased the 1-month survival rate and 
markedly decreased cytokines, including TNF-α and IL-6.337

A small-scale randomized study of IVIG in patients with 
parvovirus B19-related inflammatory cardiomyopathy or 
chronic myocarditis showed that IVIG did not improve 
cardiac function, exercise tolerance, or quality of life 
(QOL).338

CQ3:
Is high-dose immunoglobulin therapy recommended for 
patients with acute lymphocytic myocarditis?
Recommendation: No systematic review and meta-analysis 
can be conducted to generate a recommendation because the 
efficacy of high-dose immunoglobulin therapy for acute 
lymphocytic myocarditis has not been studied to date. 
Scant evidence is available to support routine high-dose 
immunoglobulin therapy in patients with acute lymphocytic 
myocarditis.
Comment (see Supplementary Appendix 3 for details)

A literature search was performed to answer “CQ3. Is 
high-dose immunoglobulin therapy recommended for 
patients with acute lymphocytic myocarditis?”

The specific search formulas are presented in Supplementary 
Appendix 3 (SR-1). The literature search flow chart is 
presented in Supplementary Appendix 3 (SR-2). The search 
formula was created with P “acute myocarditis or fulminant 
myocarditis [MeSH]” AND P “lymphocytic [MeSH].” After 
searching with the formula, I “immunoglobulin [tiab]” was 
connected to it with AND. The PubMed search located 
127 articles. One article was found in the CENTRAL 
search. The search formula was created for the search on 
the database ICHUSI with P “acute lymphatic myocarditis 
[MeSH]” AND P “high-dose gamma-globulin therapy, 
immunoglobulin, IVIG, high-dose immunoglobulin therapy 
[tiab]”; 4 articles were found in the ICHUSHI database. 
Nearly all the articles were case reports or review articles. 
No randomized or observational study was found. Another 
5 articles were hand-picked as candidate references: 4 case 
reports, and 1 review article.

Based on the search results, we concluded that no study 
had been conducted to evaluate the efficacy of high-dose 
immunoglobulin therapy in patients with acute lymphocytic 
myocarditis. No meta-analysis or systematic review will be 
feasible to answer this CQ.

Table 31 shows the recommendations and levels of 
evidence for immunomodulatory therapy for acute 
myocarditis.

 ▋3.2 Antiviral Therapy
Antiviral therapy may theoretically be effective for treating 
viral myocarditis because a viral infection is integral to the 
background of the pathological process. For example, 
interferon-β may be effective for treating myocarditis caused 
by infection with enterovirus (coxsackievirus) or adenovirus, 
and acyclovir may be effective for treating myocarditis 
caused by infection with human herpes virus-6.3,339 Antiviral 
drugs may be expected to be useful early in infection because 
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direct myocardial injury caused by viral invasion and 
replication occurs in the early stage of viral myocarditis.340 
It was reported that early use of antiviral drugs reduces the 
mortality rate and produced a good prognosis in patients 
with viral myocarditis caused by the novel influenza A 
(H1N1) virus infection.341 However, whether the detected 
virus is the true cause of the disease (i.e., detection of a 
virus as a bystander) cannot be determined. Currently, no 
antiviral therapy with established efficacy is available; 
therefore, antiviral therapy is not generally used for the 
treatment of myocarditis.

  ▋ 3.2.1 Anti-Influenza Virus Drugs
Neuraminidase inhibitors, including oseltamivir, zanamivir, 
peramivir, and laninamivir, are effective for the treatment 
of influenza A and B viral infections. The drugs inhibit 
neuraminidase, which is essential for viral release from the 
cell surface, to suppress viral proliferation and diffusion. 
Other anti-influenza virus drugs include a cap-endonuclease 

inhibitor, baloxavir marboxil, and an RNA polymerase 
inhibitor, favipiravir.

  ▋ 3.2.2 Interferon
Enterovirus and adenovirus genomes may be eliminated 
with interferon-β. The NYHA functional class improved,342 
and a good 10-year prognosis was achieved343 with 
interferon-β, particularly in patients with myocarditis 
caused by enterovirus infection. Interferon therapy may be 
considered for viral myocarditis patients.

  ▋ 3.2.3 Guanosine Analog
Guanosine analog inhibits viral DNA synthesis. Acyclovir 
may be effective for treating infections with DNA viruses 
such as EBV. Ganciclovir may be effective for the treatment 
of cytomegalovirus infection. However, the usefulness of 
these drugs for the treatment of myocarditis has not been 
established.339

V. Prognosis

1. Acute Myocarditis

Acute myocarditis resolves spontaneously in many patients,2 
and prognosis is primarily affected by pump failure and 
fatal arrhythmias. According to a European registry, 
cardiogenic shock occurred in 8.6% of patients, and the 
in-hospital mortality rate was 2.7% in all acute myocarditis 
patients.43 Cardiac death or heart transplantation at 30 
days and 5 years were reported in 10.4% and 14.7%,43 
respectively, of patients with LVEF <50%, sustained 
ventricular arrhythmia, or low cardiac output syndrome.

Hemodynamics rapidly collapse in several hours to days 
in fulminant myocarditis, which may be fatal. The mortality 
rate of patients with fulminant myocarditis requiring a 
MCS device is 20–50%, and most deaths occur within 30 
days of hospitalization.12,96,153,344,345 A retrospective study 
reported that the prognosis was poorer in patients requiring 
advanced circulation management with VA-ECMO than 
those supported by IABP/IMPELLA.214 The severity of 
myocarditis should be considered when interpreting the 
study results. A Japanese multicenter registry study 
(CHANGE PUMP study) showed higher in-hospital 
mortality rates in patients with complete atrioventricular 
block or ventricular tachycardia/fibrillation at the start of 
VA-ECMO.346 Furthermore, a large-scale Japanese registry 
of 344 patients with fulminant myocarditis reported that 
non-sinus rhythm, LVEF <40%, and ventricular tachycardia/

ventricular fibrillation at the time of hospitalization were 
significantly associated with higher risk of death or heart 
transplantation within 90 days of hospitalization.96

According to a recent report, both the short- and long-
term incidence of cardiac death and heart transplantation 
is significantly higher in fulminant myocarditis compared 
with acute nonfulminant myocarditis.91 In contrast, survival 
may be guaranteed if the patient’s condition is managed 
appropriately in the most critical phase.245 Delayed diag-
nosis and intervention may lead to a poor prognosis because 
of rapid hemodynamic collapse and disease progression in 
fulminant myocarditis. Early, accurate diagnosis and 
timely intervention are necessary. It is important to build 
a regional cooperation system by understanding the 
treatment available at the respective institutions and its 
limitations. Close cooperation with institutions where 
ventricular assist device (VAD) implantation or heart 
transplantation is performed is necessary, particularly for 
patients on a MCS device.

Young age, tachycardia, low blood pressure, high CK/
cardiac troponin/IL-10, conduction disturbance, low 
LVEF, and concentric wall thickening may be associated 
with progression to fulminant myocarditis.347,348 However, 
progression to fulminant myocarditis at a specific time 
point cannot be fully predicted. Monitoring for changes in 
these tests over time is most important.61,248

Weaning from MCS or inotropes will be difficult in 
10–15% of patients with fulminant myocarditis.153 An 

Table 31. COR and LOE for Immunomodulatory Therapy in Acute Myocarditis

COR LOE GOR 
(MINDS)

LOE 
(MINDS)

 IVIG may be considered in acute myocarditis patients with unstable 
hemodynamics IIb C C1 IVa

 IVIG may be considered in acute myocarditis patients with stable 
hemodynamics IIb C C1 IVa

COR, class of recommendation; GOR, grade of recommendation (Medical Information Network Distribution Service 
[MINDS]); IVIG, intravenous immunoglobulin; LOE, level of evidence (MINDS).
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implantable VAD or heart transplantation will be required 
in these patients. Predictors for VA-ECMO weaning 
include maximum CK-MB ≤185 IU/L, left ventricular 
posterior wall thickness ≤11 mm, improvement of LVEF at 
48 h after starting VA-ECMO, and reduction of AST.247,345

The prognosis of myocarditis also differs depending on 
the histopathology.245,349 An analysis of the prognosis of 
patients with or without endomyocardial biopsy showed a 
better prognosis in patients with a histopathological 
diagnosis.96 According to an international analysis, the 
prognosis of GCM was significantly poorer compared with 
eosinophilic or lymphocytic myocarditis.91 A Japanese survey 
based on tissue classification also showed poor prognosis 
of GCM compared with lymphocytic myocarditis.12 The 
prognosis of EM is better than that of lymphocytic 
myocarditis.214 The 1-year LVEF in patients diagnosed 
with EM in the acute phase was lower than in those diag-
nosed with lymphocytic myocarditis.8 Moreover, in a 
myocardial tissue analysis of 162 patients with lymphocytic 
fulminant myocarditis, patients with severe myocardial 
damage had a significantly higher incidence of death or 
heart transplantation within 90 days of hospitalization 
than those with mild myocardial damage.96 The prognosis 
and the pathology of prolonged inflammation after the 
acute phase may differ depending on the type of myocar-
ditis. Appropriate immunosuppressive/immunomodulatory 
therapy based on risk assessment by myocardial histopa-
thology is necessary.

2. Chronic Active Myocarditis/Chronic 
Inflammatory Cardiomyopathy

The prognosis of chronic active myocarditis/chronic 
inflammatory cardiomyopathy with inflammatory cell 
infiltration found on endomyocardial biopsy is poorer than 
that of dilated cardiomyopathy without inflammatory cell 
infiltration.83 Therefore, a more radical intervention should 
be considered in chronic active myocarditis/chronic 
inflammatory cardiomyopathy. Factors suggestive of poor 
prognosis include infiltrating inflammatory cell count in 
an endomyocardial biopsy, positive PCR for viral genes, 
positive HLA-DR, QRS complex on ECG, and late gado-
linium enhancement on cardiac MRI.3,65 A Japanese 
multicenter retrospective study proposed a prognostic 
stratification based on a CD3-positive T cell count, with a 
cell count <13/mm2 defined as mild infiltration, 13–24/mm2 
as moderate infiltration, and ≥24/mm2 as severe infiltration.20

Acute myocarditis may progress to chronic active 
myocarditis/chronic inflammatory cardiomyopathy;1 
however, specific details remain unknown. Few patients 
die in the long-term after emerging from the acute phase of 
myocarditis and being discharged. Although the prognosis 
is generally good, some patients with chronic active 
myocarditis/chronic inflammatory cardiomyopathy may 
die in the long term.17

VI. Diagnosis and Treatment of Specific Types of Myocarditis

1. Eosinophilic Myocarditis

 ▋1.1 Epidemiology

EM is diagnosed in 0.04–0.5% of autopsied hearts,350 and 
an international multicenter cohort study in 2019 showed 
that EM accounted for approximately 15% of those with 
fulminant myocarditis and approximately 18% of those 
with nonfulminant acute myocarditis.91 A multicenter 
retrospective cohort study in Japan also showed that 15% 
of patients with histopathologically diagnosed fulminant 
myocarditis had EM, suggesting that EM is by no means a 
rare disease.96 According to a systematic review of case 
reports regarding EM (179 cases), the median age at diag-
nosis was 41 years, and approximately 10% of the cases 
were young patients aged 16 years or younger.100 There 
was no difference in sex.100

Eosinophilic infiltration is observed in approximately 
1–7% of recipients’ hearts removed during heart transplan-
tation.351–353 However, because there are reports indicating 
that the presence of eosinophilic infiltration does not affect 
the prognosis after transplantation or that myocarditis 
resolved after implantation of a VAD, myocarditis may be 
a hypersensitive reaction to many drugs (especially dobu-
tamine) that are used during the waiting period before 
transplantation.354–357

 ▋1.2 Pathophysiology
Activated eosinophils infiltrating into the myocardium 

release granules containing cationic proteins such as MBP 
and ECP (i.e., degranulation) through cytolysis (causing 
membrane breakdown) or piecemeal degranulation (without 
causing membrane breakdown).224,358 Given the pathogenic 
mechanism, EM is assumed to be caused by disorders 
induced by these cationic proteins binding to cardio-
myocytes and vascular endothelial cells.1,224,357 In addition, 
these granule proteins inhibit the antithrombotic action of 
thrombomodulin on endothelial cell surfaces, which is 
assumed to be one of the mechanisms of mural thrombus 
formation in this disease.359

For EM, there are 2 disease classification systems: (1) 
based on the clinical course, severity, and primary site of 
inflammation and (2) based on the cause of elevated 
eosinophil count. According to classification (1), EM is 
classified as acute EM, acute necrotizing EM that follows 
a fulminant course, and Loffler endomyocarditis that is 
characterized by chronic progression and lesions mainly 
located on the endocardium. For details regarding classifi-
cation (2), see Section 1.3.2 below.

Loffler endomyocarditis is desmoplastic endomyocarditis 
associated with eosinophilic infiltration, and lesions are 
mainly located on the endocardium and adjacent subendo-
cardial myocardium.360–362 Advanced cases of this disease 
exhibit histological and clinical features resembling endo-
myocardial fibrosis.363 Based on a comparison between 
pathological findings of the myocardium and the clinical 
course, Brockington et al demonstrated that Loffler endo-
myocarditis follows 3 disease stages: (1) the acute necrotic 
stage (on average 5.5 months after onset), (2) the thrombotic 
stage (on average 10 months after onset), and (3) the 
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fibrotic stage (on average 24.5 months after onset).363 In the 
acute necrotic stage, the disease mainly exhibits nonspecific 
symptoms, such as fever and general fatigue, and cardiac 
symptoms and abnormal echocardiographic findings are 
unremarkable. However, the disease can be detected by 
cardiac MRI and PET-CT.362

 ▋1.3 Diagnosis
The diagnosis of myocarditis is made according to the 
“Diagnostic Algorithm for Myocarditis” (see Chapter III.1), 
and EM is diagnosed when endomyocardial biopsy reveals 
significant eosinophilic infiltration, degranulation, and 
dissolution/disappearance of cardiomyocytes (Table 32). 
The fulminant type of EM is referred to as acute necrotizing 
EM.

  ▋ 1.3.1 Symptoms
As with viral myocarditis, EM may exhibit preceding 
symptoms, such as fever, pharyngeal pain, and cough.1,364 
The major symptoms observed at hospital visit include 
dyspnea (59.4%), chest pain (43.4%), and fever (35.5%), 
and nausea, fatigue, myalgia, etc. are also observed.100,364 
Fever is significantly common in hypersensitivity EM 
(54.2%).100 Because allergic disorders, mainly bronchial 
asthma, are diagnosed prior to the diagnosis of EM in 
approximately 30% of cases, allergic disorders may lead to 
the diagnosis of EM.1,100,364 Cardiac arrest occurs in 27.2% 
of cases in the acute phase and is significantly common in 
hypersensitivity EM (44.6%).100

  ▋ 1.3.2 Tests of Causative Drugs and Underlying Diseases
The causative/underlying disease of EM includes primary/
clonal hypereosinophilia [including idiopathic hypereo-
sinophilic syndrome (HES)] and secondary (reactive) 
hypereosinophilia such as drug hypersensitivity, eosino-
philic granulomatosis with polyangiitis (EGPA), parasitic 
infection, solid tumors and other conditions. The most 
common type of EM is idiopathic (of unknown cause).1,100,364

   ▋ 1.3.2.1 Hypersensitivity Eosinophilic Myocarditis
Because hypersensitivity EM mainly occurs as an allergic 
reaction to drugs, identification of the causative drug is 
extremely important for preventing recurrence. The results 
of the drug-induced lymphocyte stimulation test (DLST) 
should be considered. Drug-induced hypersensitivity 
syndrome/drug reaction with eosinophilia and systemic 
symptoms (DiHS/DRESS) is a type of severe drug eruption 
characterized by fever, lymphadenopathy, hepatic dysfunc-
tion, and systemic skin rash, and it may be complicated by 
EM.365–367 Typically, DiHS/DRESS occurs a few weeks to 
a few months after oral administration of drugs including 
antiepileptics (e.g., carbamazepine, phenytoin, and pheno-
barbital), allopurinol, and salazosulfapyridine.365 Skin rash 
and organ dysfunction characteristically and repeatedly 
occur after discontinuation of suspected drugs, which is 
suggested to be associated with reactivation of human 
herpesvirus-6 and other herpesviruses.365

   ▋ 1.3.2.2 EGPA
Bronchial asthma/allergic rhinitis and elevated peripheral 
eosinophil counts precede hypersensitivity EM and the 
appearance of symptoms of vasculitis. In Japan, hypersen-
sitivity EM is diagnosed according to the diagnostic criteria 
issued by the Ministry of Health and Welfare (current 

Ministry of Health, Labour and Welfare) in 1998 and the 
Guideline on management of vasculitis syndrome issued by 
the Japanese Circulation Society and others.368 Because the 
symptoms of vasculitis do not include EM, the diagnosis 
of EM should be comprehensively made based on the 
clinical course, skin findings, histological findings of affected 
organs, etc. Positivity for myeloperoxidase-antineutrophil 
cytoplasmic antibody is a helpful finding for the diagnosis 
of EGPA. However, an epidemiological study conducted 
in Japan in 2009 revealed a positivity rate of approximately 
50%;369 furthermore, the positivity rate has been reported 
to be low in patients with cardiac complications (e.g., HF, 
EM, and pericarditis).370,371

   ▋ 1.3.2.3 Parasitic Infection
Parasites, particularly Toxocara canis, may cause EM. The 
assumed infection routes are (1) soil/sand contaminated by 
dog feces, from which parasitic eggs attach to the hands 
and fingers and are subsequently ingested, (2) prior close 
contact with dogs, and (3) eating raw liver and meat of 
chickens, cows, and other farm animals that are infected 
with T. canis. These routes should be taken into consider-
ation during history taking.372 Because T. canis invades 
tissues, the diagnosis is difficult to make by fecal examina-
tion for parasitic eggs, and histology is not practical in 
many cases. Thus, infection with this parasite is often 
diagnosed based on the clinical course and immunoserologic 
test results.1,372 Overseas, there have been many reported 
cases of myocarditis associated with elevated eosinophil 
counts due to infection with Trichinella spiralis, caused by 
eating raw pork or bear meat.373 Accordingly, travel history 
should also be considered.

   ▋ 1.3.2.4 HES and Primary Hypereosinophilia
When secondary (reactive) hypereosinophilia is ruled out 

Table 32. Diagnostic Criteria for Eosinophilic Myocarditis

Required items  

1)  Clinical diagnosis of acute myocarditis (see Chapter III. 
Diagnostic Algorithm)  

2)  Eosinophilic infiltration into myocardial tissues with 
degranulation and dissolution/disappearance of 
cardiomyocytes

 

Reference items  

1)  Suspect eosinophilic myocarditis in cases of elevated 
peripheral eosinophil count (≥500/mm3)  

2)  Suspect eosinophilic myocarditis in cases of normal peripheral 
eosinophil counts if eosinophil counts measured on 
consecutive days or every few days show an increasing trend

 

3)  Approximately 1 in 3 patients have allergic disorders (e.g., 
bronchial asthma and rhinitis)  

4)  In cases of eosinophilic granulomatosis with polyangiitis or 
hypereosinophilic syndrome, when acute myocarditis is 
strongly suspected from the clinical course and cardiac MRI 
findings, consider eosinophilic myocarditis despite a lack of 
typical histopathological features

 

5)  Because ST elevation or abnormal Q waves are often 
observed, differentiation from acute coronary syndrome is 
important

 

6)  The rapid diagnosis of endomyocardial biopsy tissues 
contributes to prompt initiation of immunosuppressive therapy  

(Source: Prepared based on the Guidelines for Diagnosis and 
Treatment of Myocarditis [JCS 2009].1)
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in patients with persistently elevated peripheral eosinophil 
counts (>1.5×103/mm3) and organ dysfunction, differential 
diagnosis of primary/clonal hypereosinophilia should be 
performed.374 Particularly, the diagnosis of (1) hypereo-
sinophilia caused by chromosomal translocation responsible 
for constitutive activation of tyrosine kinases, such as 
platelet-derived growth factor alpha receptor, platelet-
derived growth factor β receptor, and fibroblast growth 
factor receptor 1, and (2) chronic eosinophilic leukemia, 
are extremely important for determining the therapeutic 
strategy.374 HES is diagnosed when all conditions are ruled 
out. Persistent peripheral hypereosinophilia is generally 
diagnosed when the condition persists for ≥6 months or is 
confirmed by 2 tests performed at an interval of 1 month 
or longer.374,375

  ▋ 1.3.3 Blood Tests
In the peripheral blood the levels of cardiac enzymes (e.g., 
CK-MB) and myocardial structural proteins (e.g., cardiac 
troponin) are elevated.1,100 Although elevated peripheral 
eosinophil counts (≥500/mm3) suggest the presence of EM, 
an increase at onset is not essential for the diagnosis of EM 
because peripheral eosinophil counts are not elevated in 
the early stages in some patients.1,100,155,376 On the other 
hand, there are patients whose peripheral eosinophil 
counts are normal at onset but subsequently increase to 
exceed 500/mm3.1,155,376 Thus, EM should be considered as 
a potential diagnosis in all patients with acute myocarditis. 
In the acute phase, eosinophil counts should be measured 
on consecutive days or every few days.1 Peripheral eosino-
phil counts fluctuate depending on the supply of eosinophils 
from the bone marrow or their infiltration from blood 
vessels into tissues. Many patients with normal peripheral 
eosinophil counts at onset have hypersensitivity EM 
(followed by idiopathic EM), the conditions of which can 
be reasonably explained as follows: hypersensitive reactions 
first cause eosinophilic infiltration into organs/local tissues, 
mainly the myocardium, followed by differentiation of 
eosinophils in the bone marrow and their release into 
peripheral blood.

  ▋ 1.3.4 Electrocardiography
Because ST elevation is frequently detected (39–51%) in 
addition to various changes in ST waves, differentiation 
from acute coronary syndrome is essential.100,364 Abnormal 
Q waves are also observed in approximately one-third of 
cases.364 The condition may be complicated by ventricular 
arrhythmia (≈10–30%) or atrioventricular block (≈3–
10%).91,100,364

  ▋ 1.3.5 Echocardiography
In the acute phase, left ventricular wall thickening is 
observed in approximately 80% of cases in addition to left 
ventricular asynergy, and the thickness of both the 
ventricular septum and the left ventricular posterior wall 
may reach ≥15 mm.1,154,161 Such wall thickening is caused 
by edema of the cardiac interstitium and is normalized in 
7–14 days.154 Both decreased myocardial contractility and 
left ventricular lumen narrowing contribute to a reduction 
in stroke volume.161 As pericardial effusion is observed in 
34–70% of cases, attention should be paid to the develop-
ment of cardiac tamponade (≈6%).100,364 Thrombi are 
detected in the left ventricle in approximately 14% of 
cases.351

  ▋ 1.3.6 Cardiac MRI
Cardiac MRI may be useful for the diagnosis of EM, as 
with the diagnosis of acute myocarditis. However, 
although acute myocarditis is characterized by edema (on 
T2-weighted images) and LGE on the epicardial side or in 
the middle layer of the myocardium, it should be noted 
that LGE is detected on the endocardial side in many cases 
of EM.100,161

  ▋ 1.3.7  Endomyocardial Biopsy and Cardiac Catheterization 
(see Chapter II.7)

To differentiate EM from acute myocardial infarction, coro-
nary angiography should be performed, if possible.100,377,378 
Endomyocardial biopsy, which is essential for the definitive 
diagnosis of EM, should be performed in the acute phase 
if at all possible. In particular, prompt biopsy is recom-
mended for cases of cardiogenic shock/acute HF, decreased 
LVEF (particularly <30%), and life-threatening ventricular 
arrhythmia.2 If biopsy specimens show dissolution/disap-
pearance of cardiomyocytes in addition to significant 
eosinophilic infiltration and eosinophil degranulation, EM 
is definitively diagnosed.1,35 In many cases, EM is associated 
with lymphocytic infiltration, and endocarditis may be 
observed.1,35 Depending on disease stage, edema or fibrosis 
of the interstitium is observed.1,35 Histological analysis of 
autopsy cases of hypersensitivity myocarditis has shown 
no substantial difference in the distribution of inflammation 
between the right and left ventricles.379 Thus, EM can be 
diagnosed by routine endomyocardial biopsy of the right 
ventricle. When endomyocardial biopsy of the left ventricle 
is performed, sufficient attention should be paid to the 
risk of embolism with thrombi in the left ventricle. Because 
foci may be scattered, it is preferable to collect ≥3 speci-
mens in consideration of the risk of sampling error.1,35 
Generally, ECP and MBP are visualized through immu-
nostaining.1,35 Because rapid diagnosis of endomyocardial 
biopsy tissues contributes to prompt initiation of immuno-
suppressive therapy, endomyocardial biopsy should be 
actively considered.

 ▋1.4 Treatment
EM exhibits a wide range of clinical features from asymp-
tomatic cases to cases of cardiogenic shock/cardiac arrest. 
Therefore, surveillance for pre-existing/underlying diseases 
is extremely important. In cooperation with departments 
of hematology, connective tissue diseases/rheumatology, 
allergy, dermatology, pulmonary medicine, etc., EM should 
be promptly diagnosed, and early treatment should be 
considered. In principle, drugs suggested to be associated 
with onset should be discontinued.

In cases of mild cardiac symptoms, spontaneous remis-
sion may be achieved with bedrest and follow-up observation 
only, but patients should be placed under careful moni-
toring.1,380 Cases of HF/cardiogenic shock or ventricular 
arrhythmia are indicated for steroid therapy, including 
steroid pulse therapy, in addition to standard treatment of 
HF/arrhythmia (see Chapter IV. Treatment and Management). 
Because a systematic review of EM complicating DiHS/
DRESS (22 cases) showed a mortality rate of 55%,367 
prompt systemic administration of high-dose steroids 
should be considered after the diagnosis is confirmed.366 
Idiopathic and hypersensitivity EM is often improved by 
steroid therapy administered in the acute phase. Based on 
subjective symptoms, peripheral eosinophil counts, cardiac 
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troponin levels, ECG, and echocardiogram, the steroid 
doses should be tapered, and discontinuation of steroid 
therapy should be considered. There are cases in which 
eosinophil counts increase during the chronic phase. In 
such cases, the causes of elevated eosinophil counts should 
be re-examined, and long-term administration of steroids 
should be considered. Patients with clearly identified 
pre-existing diseases should be treated according to the 
guidelines for the treatment of the respective diseases.

A sample protocol of immunosuppressive therapy for 
acute EM is given in the previous section (Chapter IV.2, 
Table 28). In addition, because endocarditis often concomi-
tantly occurs in EM, the use of anticoagulants should be 
considered to prevent mural thrombus formation.

Table 33 shows the recommendations and levels of 
evidence for the treatment of EM.

 ▋1.5 Prognosis
According to analysis of 35 cases in Japan, there was only 
one case of in-hospital death, and the short-term prognosis 
was favorable.364 Although a meta-analysis of case reports 
of histologically diagnosed EM has shown an in-hospital 
mortality rate of 22.3%, selection bias should be considered 
because many of the included reports of cases of severe 
manifestation.100 According to that meta-analysis, hyper-
sensitivity EM was associated with the highest in-hospital 
mortality (36.1%) and a low event-free survival rate for 120 
days after hospital admission (53.7%).100

2. Giant Cell Myocarditis

 ▋2.1 Epidemiology
GCM is diagnosed in 0.007–0.51% of autopsied 
hearts.236,381–383 In a retrospective observational study 
reported in Italy in 2017, GCM accounted for approxi-
mately 14% of patients with fulminant myocarditis but was 
not confirmed in any patients with nonfulminant acute 
myocarditis.153 The international multicenter cohort 
study reported in 2019 showed that, among patients with 
histologically diagnosed acute myocarditis associated with 
left ventricular systolic dysfunction, GCM accounted for 
approximately 12% of those with fulminant myocarditis 
and approximately 4% of those with nonfulminant acute 
myocarditis.91 In Japan, 3.8% or 13% of patients (as per 2 
different studies) with symptomatic myocarditis, 5.8% of 
patients with histopathologically diagnosed fulminant 
myocarditis had GCM.12,17,96 The mean age at diagnosis 

ranges from 43 to 60 years so that GCM is diagnosed in a 
wide range of age groups (Table 34).85,89,98,99,321,384–386 There 
is no apparent difference in sex.85,89,98,99,321,384–386

 ▋2.2 Pathophysiology
GCM is acute myocarditis characterized by the presence of 
numerous multinucleated giant cells. Although it often 
exhibits the clinical disease type of fulminant myocarditis, 
GCM may occur in a chronic and latent manner and follow 
a clinical course similar to that of dilated cardiomyopathy.17

The causes of GCM have not been elucidated. However, 
previous findings (described below) suggest the involvement 
of autoimmune disorders and allergy.
•   There have been multiple reports of animal experiments 

suggesting the association of T cell dysfunction with 
formation/infiltration of multinucleated giant cells.387,388

•   Approximately  20%  of  patients  concomitantly  exhibit 
various autoimmune disorders and disorders associated 
with immune abnormalities (Table 1).85,89,98,99,321,384–386 In 
particular, there have been many reports of inflammatory 
bowel diseases (e.g., ulcerative colitis and Crohn’s disease), 
myasthenia gravis, thymoma, and autoimmune thyroid 
disease.89 In a multicenter study conducted in Japan, 5 of 
924 patients with myasthenia gravis developed skeletal 
myositis, 2 developed myocarditis, and 1 developed 
skeletal myositis and myocarditis and was diagnosed with 
GCM at autopsy.389 This disease may occur soon after 
resection of thymoma.390,391 GCM has been reported to 
coexist with Guillain-Barre syndrome, Takayasu arteritis, 
RA, pernicious anemia, malignant lymphoma, SLE, 
autoimmune hepatitis, EPGA, granulomatosis with 
polyangiitis (previously known as Wegener’s granulo-
matosis), diabetes insipidus caused by lymphocytic 
hypophysitis, autoimmune polyglandular syndrome 
including type 1 diabetes mellitus, etc.89,91,321,392–396

•   Multinucleated giant cells may also appear in hypersen-
sitivity myocarditis caused by allergic reactions to drugs.397

•   Immunosuppressive  therapy,  particularly  with  drugs 
targeting T cells, has been confirmed to be effective to a 
certain extent.236

 ▋2.3 Diagnosis
GCM is diagnosed when infiltration of multinucleated 
giant cells is detected in inflammatory foci by histological 
analysis of myocardial specimens resected during endo-
myocardial biopsy, heart transplantation, or autopsy. When 
histopathological analysis shows histological features 

Table 33. COR and LOE for the Treatment of Eosinophilic Myocarditis (EM)

COR LOE GOR 
(MINDS)

LOE 
(MINDS)

 Causative drugs should be discontinued/changed in cases of suspected 
drug-induced EM I C B V

 High-dose steroid therapy should be initiated for acute EM with unstable 
hemodynamics I C C1 V

 Steroid therapy can be considered according to pre-existing diseases in 
cases of acute EM with stable hemodynamics IIa C C1 V

 Anticoagulant therapy can be considered to prevent ventricular mural 
thrombus formation IIa C C1 V

COR, class of recommendation; EM, eosinophilic myocarditis; GOR, grade of recommendation (Medical Information 
Network Distribution Service [MINDS]); LOE, level of evidence (MINDS).
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suggestive of GCM in cases of a subacute/chronic course, 
differentiation from cardiac sarcoidosis is necessary.

  ▋ 2.3.1 Symptoms
The most common symptom at the time of diagnosis is HF 
(39–75%).85,89,98,323 Because 2 multicenter studies of acute 
myocarditis have shown that most patients with GCM 
presented with fulminant myocarditis,91,153 GCM should 
always be suspected in patients with acute myocarditis 
complicated by HF/cardiogenic shock. Further, because 
GCM is complicated by ventricular arrhythmia and 
atrioventricular block, though the reported prevalence of 
them varies,89,274 the presence of these complications leads 
to a suspicion of GCM in patients with acute myocarditis/
treatment-resistant HF. Moreover, because autoimmune 
disorders coexist in approximately 20% of patients 
(Table 1),85,89,98,99,321,384–386 information on medical history 
is helpful for diagnosis. The incidence of prodromal 
symptoms before onset, particularly fever, is significantly 
lower in GCM than in other types of myocarditis.91

  ▋ 2.3.2 Blood Tests
Because there are no findings or markers that are GCM-
specific, diagnosis of GCM is based on the diagnosis of 
acute myocarditis. Elevated cardiac troponin I levels 
without coronary lesions is an important finding suggestive 
of the presence of myocarditis. However, in a study including 
6 patients with GCM, peak cardiac troponin I levels varied 
from at or below the detection limit to marked increases; 
accordingly, the severity of cardiomyocyte injury observed 
in endomyocardial biopsy tissue specimens was not neces-
sarily associated with the degree of increase in cardiac 
troponin I.125 GCM sometimes follows the clinical course 
of asymptomatic chronic myocarditis, which suggests that 
the onset of HF/arrhythmia may lead to the diagnosis of 
GCM. Meanwhile, the incidence of sudden death (including 
aborted sudden death) is significantly higher in patients with 
a median troponin T level >130 ng/L in the acute phase, 
suggesting that troponin T is a useful prognostic marker.323

  ▋ 2.3.3 Electrocardiography
Because there are no GCM-specific findings, diagnosis of 
GCM is based on the diagnosis of acute myocarditis. 
Approximately 20% of patients present with ventricular 
arrhythmia at the time of diagnosis.89,323 In an international 
multicenter cohort study of acute myocarditis, approxi-
mately 50% of patients with GCM developed life-threatening 
ventricular arrhythmia or cardiac arrest requiring resusci-
tation in the acute phase, and this percentage was higher 
than in patients with lymphocytic/eosinophilic myocarditis.91

Approximately 20% of patients with GCM present with 
atrioventricular block at the time of diagnosis,98,384,385 and 
the incidence of concomitant atrioventricular block 
increases in those with fulminant myocarditis.386 In addition, 
among 133 patients aged 18–55 years with grade II or 
higher atrioventricular block who underwent pacemaker 
implantation, 4 patients had GCM (14 had cardiac 
sarcoidosis).84 The possibility of cardiac sarcoidosis should 
be considered in cases of atrioventricular block being more 
prominent than HF.85,385

  ▋ 2.3.4 Diagnostic Imaging
When GCM occurs as acute myocarditis, echocardiography 
shows decreased LVEF and left ventricular wall thickening. 
However, there are no GCM-specific findings. In an analysis 

of 51 patients, mean LVEF was 41%. Although patients 
with an LVEF <35% accounted for approximately half of 
the patients, 72% of all patients did not show left ventricular 
dilatation.323 GCM with cardiomegaly and a subacute/
chronic clinical course mimics dilated cardiomyopathy, 
whereas GCM with ventricular wall thinning and aneurysm 
mimics cardiac sarcoidosis.322

Cardiac MRI shows LGE in almost all patients.323,398,399 
LGE is diffusely detected in both ventricles, and its extent 
in the left ventricle ranges from 22% to 56%.398 The common 
sites of LGE include the myocardium on the endocardial 
side of the right ventricle in the ventricular septum (73%), 
the myocardium on the epicardial side of the left ventricular 
anterior wall (60%), and the myocardium on the endocardial 
side of the right ventricle (53%).398 The frequent occurrence 
of LGE in the myocardium on the endocardial side differs 
from the typical cardiac MRI findings of acute myocarditis.

FDG-PET shows 18F-FDG accumulation in the myocar-
dium in almost all patients.323 When accumulation in lymph 
nodes or other organs is detected, differentiation from 
cardiac sarcoidosis is necessary.

  ▋ 2.3.5  Endomyocardial Biopsy and Cardiac Catheterization 
(Chapter II.7)

Given that GCM occurs with symptoms similar to myocar-
dial infarction in approximately 6–8% of cases, coronary 
angiography should be performed if at all possible.89,323 
Although histological analysis is essential for the definitive 
diagnosis of GCM, multinucleated giant cells appear in 
areas severely affected by myocardial necrosis and 
inflammatory cell infiltration during periods of severe 
inflammation. Thus, it is preferable to perform endomyo-
cardial biopsy during the acute phase.1 Particularly, prompt 
biopsy is recommended for patients with cardiogenic 
shock, acute HF, decreased LVEF (particularly <30%), 
and GCM complicated by life-threatening ventricular 
arrhythmia.2 Given the common site of LGE in contrast-
enhanced MRI, it is expected that GCM can be diagnosed 
by biopsy of the myocardium from the endocardial side of 
the right ventricle in many cases.398 Although the sensitivity 
of the first biopsy is 68%, the sensitivity increases to 93% 
when biopsy is performed up to three times. Thus, repeated 
biopsy should be considered in cases strongly suggesting a 
clinical diagnosis of GCM.322

When multinucleated giant cells are detected in inflam-
matory foci, GCM is diagnosed.1 GCM often exhibits 
marked infiltration of eosinophils in addition to lympho-
cytes, while myocardial necrosis is severe. If epithelioid 
granuloma is detected, the possibility of cardiac sarcoidosis 
should be considered.1,236 Although differentiation between 
these diseases is difficult when only a few specimens can be 
collected, a diagnosis should be comprehensively made 
based on the clinical course and various test results.1,4

 ▋2.4 Treatment
The mainstay of treatment of GCM is sufficient immuno-
suppressive therapy, in addition to the guideline-based 
treatment of HF, including the use of MCS for cardiogenic 
shock/cardiac arrest (see Chapter IV).400

In the chronic phase, GCM should be treated in 
consideration of preventing sudden death while immuno-
suppressive therapy is continued. The precautions in daily 
life, such as exercise restriction, should be set according to 
the guidelines for acute myocarditis.280



Circulation Journal Vol.87, May 2023

726 NAGAI T et al.

  ▋ 2.4.1 Immunosuppressive Therapy
Because no improvement in prognosis has been confirmed 
after administration of steroid monotherapy, the use of 1 
or 2 immunosuppressants in combination with steroids is 
recommended.89,98,236 The use of each drug should be 
determined in each patient based on drug information (e.g., 
contraindications and precautions [careful administration, 
drug interaction, adverse drug reactions, etc.]). A sample 
protocol of immunosuppressive therapy for GCM is given 
in Chapter IV.2, Table 29.

Table 35 shows the recommendations and levels of 
evidence for immunosuppressive therapies for GCM.

a) Steroids
Prednisolone should be initiated at a dose of approximately 
1.0 mg/kg/day, after which the dose should be gradually 
tapered to 5–10 mg/day for 6–8 weeks and maintained at 
approximately 5 mg/day for 1 year.236 If the condition is 
stable after 1 year of treatment, discontinuation of pred-
nisolone should be considered, while administration of 
cyclosporin or tacrolimus is continued. For patients 
with GCM that occurs as acute myocarditis, particularly 
fulminant myocarditis, intravenous injection of methyl-
prednisolone should be administered at a dose of 10 mg/
kg/day (or 1 g/day) for 3 days before the initiation of 
prednisolone.236,386

b) Cyclosporin
Cyclosporin is the most commonly used immunosup-
pressant, as multiple retrospective or prospective studies 
have shown that the concomitant use of cyclosporin is 
associated with improved prognosis.89,98,321,322 In a prospec-
tive study including 11 patients with GCM, the trough 
levels of cyclosporin were 169, 194, 126, and 294 ng/mL at 
1 month, 3 months, 6 months, and 1 year, respectively, 
after treatment initiation in 8 patients who survived for 1 
year without heart transplantation.321 Based on that 
prospective study, cyclosporin should be started in the acute 
phase with the 12-h post-dose target trough level set at 
150–300 ng/mL for 3 months. During the period from 3 
months to 1 year after treatment initiation, the dose should 
be reduced to achieve a target trough level of 100–
150 ng/mL. In an analysis of 26 patients who survived for 
1 year without heart transplantation, 3 patients experienced 
recurrent myocarditis 1.5–8 years after diagnosis, and 
immunosuppressants had been discontinued or tapered 
before recurrence in 2 of them. Thus, a target trough level 
of 75–100 ng/mL is recommended.99,236

c) Tacrolimus
Like cyclosporin, tacrolimus is a calcineurin inhibitor. In 
terms of antirejection effects and adverse drug reactions, 
tacrolimus is more widely used than cyclosporin in the field 
of organ transplantation.401 Tacrolimus should be started 
in the acute phase with the 12-h post-dose target trough 
level set at 10–15 ng/mL. At 6 months after treatment 
initiation, the dose should be reduced to achieve a target 
trough level of 5–10 ng/mL.

d) Azathioprine
Azathioprine is a purinergic antagonist that is used in 
combination with calcineurin inhibitors. In previous 
studies, a 3-drug combination of steroids, cyclosporin, and 
azathioprine was used. Azathioprine should be administered 
at a dose of 1.5–2.0 mg/kg/day.

e) Mycophenolate Mofetil
Mycophenolate mofetil inhibits DNA synthesis in lympho-
cytes and is used in combination with calcineurin inhibitors. 
Mycophenolate mofetil should be administered at a dose 
of 1–2 g/day.

f) Sirolimus
Sirolimus exhibits immunosuppression by inhibiting 
activation of mammalian/mechanistic target of rapamycin 
(mTOR). Sirolimus is used for patients who are intolerant 
to calcineurin inhibitors (e.g., patients with renal 
dysfunction).99

g) Others
For patients with treatment-resistant GCM, the use of 
antithymocyte immunoglobulins and alemtuzumab, which 
is an anti-CD52 monoclonal antibody, is considered.236

  ▋ 2.4.2 Antiarrhythmic Therapy
A study including 51 patients with GCM showed that the 
incidence of sudden death or fatal arrhythmias was 41% 
at 1 year after the onset of GCM and 55% at 5 years;323 
therefore, attention should be given to the risk of sudden 
death due to ventricular arrhythmia. In that study, of 31 
patients with ICDs, 17 experienced appropriate ICD shocks 
114 times, but no arrhythmic deaths occurred.323 Thus, 
treatment with an ICD seems effective for preventing sudden 
death (see Chapter IV.1.3 for details). There are few reports 
on the efficacy of drug treatments for tachyarrhythmias in 
patients with GCM.

Table 36 shows the recommendations and the levels of 

Table 35. COR and LOE for Immunosuppressive Therapies in Giant Cell Myocarditis 

COR LOE GOR 
(MINDS)

LOE 
(MINDS)

 Combination of immunosuppressive therapy should be initiated in the early 
stages (see Table 29) I C B III

 Use of antithymocyte immunoglobulin can be considered for patients with 
treatment-resistant/recurrent GCM IIa C C1 IVa

 Use of sirolimus may be considered for patients who are intolerant to 
cyclosporin or tacrolimus IIb C C1 V

 Use of alemtuzumab may be considered for patients with treatment-resistant/ 
recurrent GCM IIb C C1 V

COR, class of recommendation; GCM, giant cell myocarditis; GOR, grade of recommendation (Medical Information 
Network Distribution Service [MINDS]); LOE, level of evidence (MINDS).



Circulation Journal Vol.87, May 2023

727Guideline on the Diagnosis and Treatment of Myocarditis

evidence for the application of an ICD to the treatment of 
GCM.

  ▋ 2.4.3 Heart Transplantation
Heart transplantation is actively performed in Europe and 
the USA for patients with severe cardiac dysfunction in 
whom improvement cannot be achieved by comprehensive 
therapy, mainly based on immunosuppressive therapy 
(Table 34). In patients requiring VAD implantation 
before heart transplantation (BTT), BiVADs needed to 
be implanted in approximately 30% because of right 
ventricular dysfunction.402 It should be noted that the 
presence of concomitant systemic diseases, such as connec-
tive tissue disease, is a relative exclusion criterion for heart 
transplantation.403

In GCM, although rejection is often seen early after 
transplantation, many recipients are asymptomatic and 
respond favorably to the treatment. The survival rates 
after transplantation are 94% at 1 year, 82% at 5 years, and 
68% at 10 years, which are not substantially different from 
those in patients undergoing heart transplantation for 
other diseases.402

Recurrence in the transplanted heart has been reported 
in approximately 24% of patients.89 Although recurrence 
is diagnosed by routine endomyocardial biopsy after 
transplantation and is asymptomatic in many patients, 
there are patients in whom recurrence is induced by severe 
HF or life-threatening ventricular arrhythmia.89,99,321 
Recurrent GCM is treated with high-dose steroids and 
antithymocyte immunoglobulins, but treatment with siro-
limus, rituximab, and alemtuzumab is also reported to be 
effective.236,404–406

 ▋2.5. Prognosis
When immunosuppressive therapy was not administered, 

the median transplantation-free survival period after onset 
of symptoms was 3 months, indicating an extremely poor 
prognosis. However, when immunosuppressive therapy 
including cyclosporin was administered, the median survival 
period was 12.6 months (Table 34).89 In addition, a single-
center retrospective observational study showed that, in 
patients receiving a 3-drug combination therapy with 
steroids, cyclosporin, and azathioprine, the transplantation-
free survival rates were 80% at 1 year and 58% at 5 years 
(Table 34).98 In another study, including 6 patients with 
GCM occurring as fulminant myocarditis and who required 
circulatory support, 1 patient could not be weaned from 
circulatory support and died, and 3 patients who were 
weaned from MCS to receive a VAD (including 1 patient 
with BiVAD) and treatment with immunosuppressive 
therapy also died of multiple organ failure due to sepsis. In 
contrast, 2 patients were treated with steroid pulse therapy 
followed by administration of prednisolone and cyclosporin 
while being placed on MCS. They survived for 1 year or 
longer, and the left ventricular function also improved.386

3. Myocarditis Associated With  
Autoimmune Diseases

 ▋3.1 Background
Autoimmune diseases are noncommunicable inflammatory 
diseases that cause damage to the whole body and multiple 
organs. Myocarditis associated with autoimmune diseases 
also occurs, based on deposition of immune complexes, 
activation of complements, etc., as with disorders of the 
kidney, skin, choroid plexus, etc. The cardiac lesions of 
collagen diseases are diverse, including coronary artery 
disease, pericarditis, and valvular heart disease, as well as 
diastolic/systolic dysfunction and conduction disturbances 
due to myocardial disorders.407 The incidence and pathology 

Table 36. COR and LOE for the Application of Implantable Cardioverter Defibrillator to the Treatment of 
Giant Cell Myocarditis 

COR LOE GOR 
(MINDS)

LOE 
(MINDS)

 An ICD should be used for patients with a history of cardiac arrest or sustained 
ventricular tachycardia I C B IVa

 An ICD should be used for patients with nonsustained ventricular tachycardia 
who have LVEF ≤35% and heart failure symptoms NYHA functional Class II 
or greater despite optimal drug treatment (including immunosuppressive 
therapy)

I C C1 VI

 An ICD can be considered for patients with LVEF ≤35% despite optimal drug 
treatment (including immunosuppressive therapy) IIa C C1 VI

 An ICD can be considered for patients with severe fibrosis detected by 
endomyocardial biopsy IIa C C1 IVa

 An ICD may be considered for patients with LGE on cardiac magnetic 
resonance imaging despite optimal drug treatment (including 
immunosuppressive therapy)

IIb C C1 VI

 A wearable cardioverter defibrillator may be considered for patients with LVEF 
<35% within 90 days after onset IIb C C1 VI

 An ICD is not recommended for patients who meet either of the following 
criteria:
  1. Not expected to live for ≥1 year
  2.  NYHA Class IV severe congestive heart failure resistant to drug 

treatment, which is not indicated for heart transplantation and 
ventricular-assist device

III (No 
benefit) C C2 VI

COR, class of recommendation; GOR, grade of recommendation (Medical Information Network Distribution Service 
[MINDS]); ICD, implantable cardioverter defibrillator; LGE, late gadolinium enhancement; LOE, level of evidence 
(MINDS); LVEF, left ventricular ejection fraction; NYHA, New York Heart Association.
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of myocardial disorders vary among autoimmune diseases, 
and the pathology and treatment protocols differ for each 
connective tissue disease. SLE and dermatomyositis/
polymyositis are pathological conditions mainly comprising 
inflammation of the myocardium, whereas myocardial 
disorders observed in scleroderma present as myocardial 
fibrosis.407 Although myocardial disorders cause cardiac 
dysfunction such as diastolic/systolic dysfunction and 
conduction disturbances, there are many relatively mild 
cases without any subjective symptoms that are detected 
only after various tests.407 Because cardiac lesions in patients 
with autoimmune diseases are a factor specifying the 
disease activity, severity, and prognosis, early diagnosis 
and appropriate treatment are important for recovery/
preservation of cardiac function.

 ▋3.2 Symptoms
Myocarditis alone rarely occurs as the first symptom, but 
generally appears together with serositis (e.g., pericarditis 
and pleuritis), other organ involvement, and general 
symptoms. Particularly, the presence of pericarditis is 
associated with disease activity, and the severity of pericar-
ditis is associated with the severity of myocarditis with 
collagen disease. In rare cases, cardiac tamponade and 
constrictive pericarditis worsen hemodynamics. Moreover, 
lesions affecting the impulse conducting system may cause 
arrhythmia. The symptoms of myocarditis are nonspecific 
and range widely from asymptomatic illness to cardiogenic 
shock.408,409 When patients with collagen diseases present 
with HF or cardiomegaly of unknown cause, as well as 
hypoxemia, exertional dyspnea, palpitation, and syncope, 
concomitant myocarditis should be suspected, and detailed 
examination should be performed.410

 ▋3.3 Diagnosis
Elevated levels of cardiac troponins and natriuretic peptides 
BNP and NT-pro BNP suggest the presence of myocardial 
disorders, regardless of underlying diseases. However, these 
biomarkers remain within the normal ranges in some types 
of myocarditis. Although the ECG findings of myocarditis 
are nonspecific, myocardial disorders, including myocarditis, 

should be suspected when ECG shows changes over time. 
Transthoracic echocardiography is a form of noninvasive 
testing that should be actively performed when cardiac 
disorders are suspected.274 In addition, cardiac MRI and 
PET are useful for evaluating inflammation of the 
myocardium.195,274,411 Endomyocardial biopsy is useful for 
confirming the diagnosis of this type of myocarditis.241,274

 ▋3.4 Treatment
In general, patients with markedly impaired cardiac func-
tion, marked pericardial effusion, or other concomitant 
organ dysfunction are treated with a combination therapy 
of steroids and immunosuppressants aimed at treating the 
autoimmune disease. In elderly patients and patients with 
recurrence, sufficient attention should be given to the high 
incidence of adverse drug reactions to steroids, such as 
infection.

 ▋3.5 Specific Diseases
Table 37 shows the autoimmune diseases that have been 
reported as associated with the onset of myocarditis. The 
following subsections describe diseases in which myocarditis 
occurs at a relatively high frequency and for which consensus 
has been reached on myocarditis being a complication of 
the underlying disease.

  ▋ 3.5.1 Systemic Lupus Erythematosus
SLE is a systemic noncommunicable inflammatory disease 
that frequently damages the kidney, skin, joints, etc. It 
follows a repeated pattern of aggravation and remission 
and a chronic course. SLE has been known to cause 
multiorgan lesions including cardiac lesions. Myocarditis 
frequently complicates highly active SLE and determines 
prognosis. Clinically symptomatic myocarditis is observed 
in approximately 10% of patients with SLE.412,413 However, 
as per one report, myocarditis was detected in approxi-
mately 40% of autopsied hearts, suggesting that there are 
many patients with mild myocarditis without clinical 
symptoms.414 Pathologically, infiltration of mononuclear 
cells between cardiomyocytes, edema, fibrinoid necrosis, 
and vasculitis, as well as consequent myocardial necrosis 
and degeneration, are observed.1 The treatment of SLE-
associated myocarditis often requires steroid pulse therapy 
followed by administration of oral steroids, immunosup-
pressants (e.g., azathioprine and cyclophosphamide), or 
high-dose immunoglobulins.274

Libman-Sacks endocarditis is a noncommunicable 
endocarditis complicating SLE that occurs in 11% of 
patients with SLE.415 It has been reported to be associated 
with antiphospholipid antibody syndrome.415,416 This type 
of endocarditis is considered to be caused by cardiac 
endothelial injury induced by hypercoagulability. When 
endothelial cell injury affects the cardiac valves, platelet 
thrombi and inflammatory substances deposit on the 
cardiac valves and mobile structures often form on the 
mitral and aortic valves. As for treatment, the primary 
disease should be treated to the greatest extent possible, 
and anticoagulant therapy should be administered if it is 
not contraindicated.417 Surgery should be considered only 
for patients with acute HF caused by valvular lesions 
due to vegetation and valvular thickening, patients with 
vegetation measuring ≥10 mm, and patients with recurrent 
embolism.417

Table 37. Autoimmune Diseases and Similar Disorders 
Complicated by Myocarditis

Systemic lupus erythematosus  

Idiopathic inflammatory myopathy  

Rheumatoid arthritis  

Eosinophilic granulomatosis with polyangiitis  

Takayasu arteritis  

Systemic sclerosis  

Mixed connective tissue disease  

Antiphospholipid antibody syndrome  

Giant cell arteritis  

Polyarteritis nodosa  

Sjogren’s syndrome  
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  ▋ 3.5.2 Idiopathic Inflammatory Myopathy
Idiopathic inflammatory myopathy (IIM) is a syndrome of 
muscle weakness resulting from inflammation of skeletal 
muscle and includes polymyositis, dermatomyositis, 
necrotizing autoimmune myositis, and inclusion body 
myositis. IIM is characterized by detection of IIM-specific 
autoantibodies. A European registry study reported that 
IIM was complicated by clinically apparent cardiac 
disorders (e.g., HF, conduction block, arrhythmia, and 
myocarditis) in 9% of cases.418 The pathological findings of 
the myocardium resemble the histological findings of 
skeletal muscle and are characterized by diffuse infiltration 
of mononuclear cells into the cardiac interstitium.419,420 
Because cardiac troponin T is less specific to the myocar-
dium than cardiac troponin I and often shows abnormal 
levels even in patients with IIM without cardiac lesions, 
caution should be exercised.421

  ▋ 3.5.3 Rheumatoid Arthritis
RA is a chronic disease that is mainly characterized by 
polyarthritis due to synovitis and repeated remission and 
recurrence, leading to progression of motor dysfunction. 
RA is the most commonly encountered among the auto-
immune diseases. Because extraarticular symptoms, 
including cardiac lesions, greatly affect prognosis in RA, 
careful evaluation is necessary.407 Autopsy shows diffuse 
granuloma, cell infiltration around blood vessels, etc. in 
approximately 11% of cases.422 Another report indicated 
that granulomatous myocarditis is observed in 5–32% of 
patients, and that nonspecific myocarditis is observed in 
4–30%.423 In a study in which FDG-PET/CT was performed 
in 119 patients with RA without clinically apparent 
concomitant cardiac lesions, FDG uptake in the myocar-
dium was observed in 46 patients (39%), which suggests 
that asymptomatic myocarditis exists in many patients 
with RA.195 Because the activity of myocarditis has been 
demonstrated to correlate with the activity of RA,195 caution 
should be exercised particularly for patients with highly 
active, long-standing, or malignant RA.

  ▋ 3.5.4 Eosinophilic Granulomatosis With Polyangiitis
EGPA is a vasculitis syndrome previously known as allergic 
granulomatous angiitis or Churg-Strauss syndrome. The 
disease name was changed at the International Chapel Hill 
Consensus Conference in 2012. EGPA is characterized by 
(1) prior bronchial asthma or allergic rhinitis, (2) elevated 
eosinophil count in blood, and (3) symptoms of vasculitis. 
EGPA is a rare disease that causes peripheral neuritis, 
purpura, peptic ulcer, cerebral infarction, myocardial 
infarction, pericarditis, etc. The annual number of new 
patients in Japan is approximately 100. Cardiac lesions are 
detected by autopsy at a high frequency of approximately 
62%, and most lesions indicate myocarditis, coronary 
arteritis, and pericarditis.1 The pathological characteristics 
of myocarditis are marked eosinophilic infiltration and 
necrotizing vasculitis.274 (See Chapter VI.1 for the treatment 
of EGPA complicated by myocarditis.)

4. Drug-Induced Myocarditis

 ▋4.1 Background
Drug-induced myocarditis is an adverse event that can occur 
in all patients receiving medications. It may be identified 
after wide use of new drugs, and myocarditis induced by 

immune checkpoint inhibitors has often been reported in 
recent years.424 More recently, there have been reports of 
myocarditis induced by vaccines against COVID-19.425

 ▋4.2 Classification
Drug-induced myocarditis is broadly classified into immune-
mediated myocarditis and toxic myocarditis, based on 
pathology. Furthermore, immune-mediated myocarditis 
includes autoimmune myocarditis that appears to be caused 
by autoimmunity due to activation of T lymphocytes reac-
tive to the myocardium and hypersensitivity myocarditis 
that is caused by hypersensitivity to drugs and characterized 
by eosinophilic infiltration. Because immune-mediated 
myocarditis is induced by abnormal immune activation by 
drugs, its onset does not depend on drug dosage. Thus, the 
time from administration of causative drugs to onset 
ranges from a few days to a few years.426–428 In contrast, 
toxic myocarditis is induced by abnormal myocardial 
metabolism due to drugs, such that its onset depends on 
the dosage, route of administration, and metabolism of 
drugs administered to patients. As this disease occurs only 
after the cumulative dosage exceeds the threshold, it is 
considered that a certain amount of time needs to pass 
from the administration of causative drugs to onset.1

 ▋4.3 Causative Drugs
Drug-induced myocarditis occurs as an adverse drug event 

Table 38. Typical Drugs and Toxins That May Induce 
Myocarditis

1. Anti-inflammatory drugs  

   Indomethacin, phenylbutazone  

2. Psychoneurotic drugs  

   Amitriptyline, lithium carbonate, clozapine  

3. Antiepileptics  

   Phenytoin, carbamazepine  

4. Diuretics  

    Furosemide, acetazolamide, hydrochlorothiazide, 
spironolactone  

5. Gout suppressants  

   Colchicine, allopurinol  

6. Antineoplastics  

    Anthracycline, cyclophosphamide, fluorouracil, trastuzumab, 
ibrutinib, immune checkpoint inhibitors  

7. Antimicrobial drugs  

    Penicillin, β-lactam, tetracycline, sulfa drug, amphotericin B, 
isoniazid  

8. Biopharmaceuticals  

   Interleukin-2, adalimumab  

9. Vaccines  

    Tetanus toxoid, COVID-19 vaccines, smallpox vaccine, 
influenza vaccines, hepatitis A vaccine, hepatitis B vaccine, 
human papillomavirus vaccines

 

10. Others  

    Methyldopa, sulfonylurea, lidocaine, catecholamine, 
amphetamine, cocaine azathioprine, arsenic, ethanol, 
Garcinia cambogia, metals (copper, lead, iron, lithium), bites 
(bee, spider, scorpion, snake)

 

(Source: Prepared based on the Guidelines for Diagnosis and 
Treatment of Myocarditis [JCS 2009].1)
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or is caused by abuse of illegal drugs, such as cocaine. 
Table 38 shows typical causative drugs. In immune-
mediated myocarditis, typical drugs causing autoimmune 
myocarditis are immune checkpoint inhibitors, whereas 
hypersensitivity myocarditis has been reported to be 
caused by antibiotics, diuretics, clozapine, tetanus toxoid, 
methyldopa, etc.429 The typical causative drugs for toxic 
myocarditis are anthracycline, cyclophosphamide, cocaine, 
ethanol, and arsenic.

 ▋4.4 Pathology
Of the types of immune-mediated myocarditis, autoimmune 
myocarditis exhibits pathological features that are quite 
similar to those of lymphocytic myocarditis observed in 
viral myocarditis. In contrast, hypersensitivity myocarditis 
exhibits eosinophilic myocarditis, with diffuse infiltration 
of lymphocytes, histocytes, and eosinophils observed 
around the interstitium and blood vessels. Myocardial 
injury is milder compared with the severity of cell infiltra-
tion, and myocardial necrosis does not occur or is limited 
to partial areas.367 However, some cases are termed acute 
necrotizing eosinophilic myocarditis, which causes marked 
inflammatory cell infiltration and diffuse myocardial 
necrosis and may be associated with necrotizing vasculitis 
of microvessels, leading to poor prognosis.61,367 Toxic 
myocarditis exhibits necrosis, damage (myofibrillar disso-
lution, swollen mitochondria, sarcoplasmic reticulum 
fragments), and cardiomyocyte fibrosis and is associated 
with reactive inflammatory cell infiltration.430

 ▋4.5 Clinical Course
Because drug-induced myocarditis occurs during the 
treatment of a disease, its clinical features are modified by 
the primary disease. Although drug-induced myocarditis 
may consequently exhibit various clinical features, its 
pathology resembles that of acute myocarditis in terms of 
cardiac structure, cardiac function, and hemodynamics. It 
is suspected that there are many asymptomatic cases. In 
addition to cases in which the main pathological condition 
is myocarditis, drug-induced myocarditis may occur as a 
type of organ dysfunction in DIHS/DRESS.367 Discon-
tinuation of the causative drugs leads to remission in some 
cases, but steroid therapy is generally required. Delayed 
discontinuation of causative drugs may be life-threatening, 
so it is important to suspect and diagnose this disease early.

 ▋4.6 Diagnosis
Elevated levels of cardiac troponins and natriuretic peptides 
(BNP and NT-pro BNP) suggest the presence of myocardial 
disorders, regardless of the underlying disease. However, 
these biomarkers remain within the normal ranges in some 

types of myocarditis. In hypersensitivity myocarditis, 
peripheral eosinophil counts are often elevated. Although 
the ECG findings of myocarditis are nonspecific, myocardial 
disorders including myocarditis should be suspected when 
ECG shows changes over time. Transthoracic echocardiog-
raphy is a noninvasive test that should be actively performed 
when cardiac disorders are suspected. In addition, cardiac 
MRI and PET are useful for evaluating myocardial 
inflammation, and endomyocardial biopsy is useful for 
confirming the diagnosis.

 ▋4.7 Treatment
Discontinuation of the suspected drugs is most important. 
Immune-mediated myocarditis often responds to steroid 
therapy.367 After recovery, re-administration of the caus-
ative drugs is contraindicated in principle. However, when 
re-administration is necessary, the risks and benefits should 
be considered, and the causative drugs should then be 
administered under strict monitoring.

Table 39 shows the recommendations and the levels of 
evidence for the treatment of drug-induced myocarditis.

 ▋4.8 Myocarditis Caused by Specific Drugs
This section describes myocarditis associated with immune 
checkpoint inhibitors and COVID-19 vaccines, which has 
been reported in recent years.

  ▋ 4.8.1  Immune Checkpoint Inhibitor-Associated 
Myocarditis

Immune checkpoint molecules, as typified by cytotoxic T 
lymphocyte-associated protein 4 (CTLA-4), programmed 
cell death protein-1 (PD-1), and programmed death-ligand 
1 (PD-L1), transduce co-inhibitory signals to inhibit mainly 
activation of T cells and to maintain homeostasis of 
immune responses. The immune checkpoint inhibitors 
available in Japan include 1 type of anti-CTLA-4 antibody 
(ipilimumab), 2 types of anti-PD-1 antibodies (pembroli-
zumab and nivolumab), and 3 types of anti-PD-L1 antibodies 
(avelumab, atezolizumab, and durvalumab) (Table 40). 
Although immune checkpoint inhibitors activate antitumor 
immunity, there is concern regarding the onset of immune-
related adverse events that appear to be caused by activated 
autoimmunity in various organs/tissues (Figure 24).431

Furthermore, although the incidence of myocarditis is 
relatively rare at approximately 0.27–1.14%,432 its fatality 
is extremely high at 30–50%.88 However, there may be 
many asymptomatic or undiagnosed cases. Its onset is not 
dependent on dosage, and the time from the first dose of 
immune checkpoint inhibitors to the onset of myocarditis 
is approximately 3 months or less.433,434 Moreover, because 
the incidence and severity of myocarditis increase in patients 
receiving combination therapy with immune checkpoint 

Table 39. COR and LOE for the Treatment of Drug-Induced Myocarditis

COR LOE GOR 
(MINDS)

LOE 
(MINDS)

Causative drugs should be discontinued/changed I C C1 IVa

COR, class of recommendation; GOR, grade of recommendation (Medical Information Network Distribution Service 
[MINDS]); LOE, level of evidence (MINDS).
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Table 40. Immune Checkpoint Inhibitors Available in Japan, and the Indications for Cancer Type

Target Drug Cancer type

CTLA-4 Ipilimumab Malignant melanoma, renal cell carcinoma, colorectal cancer with high frequency microsatellite instability 
(MSI-High), non-small cell lung cancer, malignant pleural mesothelioma, esophageal cancer

PD-1

Pembrolizumab
Malignant melanoma, non-small cell lung cancer, classical Hodgkin lymphoma, urothelial carcinoma, MSI-
High solid tumors, renal cell carcinoma, head and neck cancer, esophageal cancer, MSI-High colorectal 
cancer, breast cancer, uterine cancer, solid tumors with high oncogene mutation levels (TMB-High)

Nivolumab
Malignant melanoma, non-small cell lung cancer, renal cell carcinoma, classical Hodgkin lymphoma, head 
and neck cancer, gastric cancer, malignant pleural mesothelioma, MSI-High colorectal cancer, esophageal 
cancer, cancer of unknown primary, urothelial cancer

PD-L1

Avelumab Merkel cell carcinoma, urothelial carcinoma, renal cell carcinoma

Atezolizumab Non-small cell lung cancer, breast cancer, small cell lung cancer, hepatocellular carcinoma

Durvalumab Non-small cell lung cancer, small cell lung cancer

Nervous system
Guillain-Barré syndrome
Myasthenia gravis
Encephalitis
Meningitis
Neuropathy
Demyelination

Lung
Pneumonitis
Pleuritis

Liver
Hepatitis
Transaminitis

Adrenal gland
Adrenalitis

Kidney
Acute interstitial nephritis
Glomerular disease

Blood
Thrombocytopenia
Hemolytic anemia
Neutropenia

Rheumatological
Vasculitis
Arthritis
Sarcoidosis
Sicca syndrome
Polymyalgia rheumatica
Scleroderma

Eye
Uveitis

Scleritis
Retinitis

Pituitary gland
Hypophysitis

Thyroid
Hypothyroidism

Hyperthyroidism

Heart
Myocarditis

Conduction disease
Heart failure

Arrhythmia
Pericarditis

Muscle
Myositis

Gastrointestinal tract
Gastritis

Colitis

Pancreas
Type 1 diabetes

Pancreatitis

Skin
Vitiligo

Alopecia
Psoriasis

Swee’s syndrome
Dermatitis

Pruritus

Figure 24.  Immune-related adverse events 
by immune checkpoint inhibitors. (Adapted 
from Tajiri K, et al. 2019.431)
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inhibitors, increased caution is required.432

Histopathologically, immune checkpoint inhibitor-
associated myocarditis is characterized by infiltration of 
CD3-positive T cells (CD8-positive > CD4-positive) and 
macrophages into myocardial tissues and may also be 
associated with B cell infiltration (Figure 25). Inflammation 
often spreads to the impulse conducting system to induce 
conduction disturbances or life-threatening arrhythmias. 
This disease is also associated with immune-related adverse 
events in other organs, and is relatively often complicated 
by myositis and myasthenia gravis.433,435

As screening tests for cardiovascular disorders including 
myocarditis, ECG and measurement of high-sensitivity 
cardiac troponins are useful.426,436 In particular, asymp-
tomatic myocarditis may be detected by performing these 
tests for each cycle of administration of immune checkpoint 
inhibitors for the first 3 months, which is the common timing 

of incidence. Table 41 shows the diagnostic criteria for 
immune checkpoint inhibitor-associated myocarditis in the 
2022 European Society of Cardiology guidelines.436 It is 
important to perform the screening test as soon as possible 
because the delay of treatment is a determinant of poor 
prognosis.437 Notably, in cases of unstable hemodynamics 
(e.g., symptomatic HF, ventricular arrhythmias, and 
complete atrioventricular block), intravenous administra-
tion of 0.5–1 g methylprednisolone should be considered 
without waiting for the diagnosis confirmed by histopatho-
logical analysis.436 If a histopathological diagnosis is not 
obtained, myocarditis can be clinically diagnosed when 
there is an elevation of cardiac troponins and cardiac MRI 
shows findings that meet the revised Lake Louise Criteria 
(LLC). In addition to elevated cardiac troponins, myocar-
ditis can be diagnosed if there are any 2 of the following 
criteria: (1) symptoms and signs suggestive of myocarditis, 

Figure 25.  Histopathological images of immune checkpoint inhibitor-associated myocarditis. Infiltration of CD3-positive T cells 
(CD8-positive > CD4-positive) and CD68-positive macrophages into myocardial tissues is prominent, and infiltration of a few 
CD20-positive B cells is also observed. H&E, hematoxylin-eosin.

Table 41. Diagnostic Criteria for Immune Checkpoint Inhibitor-Associated Myocarditis

 Pathohistological 
diagnosis

Multifocal inflammatory cell infiltrates with overt cardiomyocyte loss by light microscopy

 Clinical diagnosis CMR diagnostic for acute myocarditis (modified Lake Louise criteria)

Cardiac troponin elevation (new or significant change from baseline) with 2 of 1–5
1.  Clinical syndrome (including any 1 of the following: fatigue, myalgia, chest pain, diplopia, 

ptosis, shortness of breath, orthopnea, lower-extremity oedema, palpitations, light-
headedness/dizziness, syncope, muscle weakness, cardiogenic shock)

2.  Ventricular arrhythmia (including cardiac arrest) and/or new conduction system disease
3.  Decline in left ventricular systolic function, with or without regional wall motion 

abnormalities in a non-Takotsubo pattern
4.  Other immune-related adverse events, particularly myositis, myopathy, myasthenia gravis
5. Suggestive CMR

CMR, cardiac magnetic resonance imaging. (Source: Prepared based on Lyon AR, et al. 2022.436)
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(2) ventricular arrhythmias, cardiac arrest, and newly 
developed conduction abnormalities, (3) newly developed 
ventricular wall motion abnormality, (4) other immune-
related side effects (in particular, myositis and myasthenia 
gravis), and (5) findings on cardiac MRI do not meet all of 
the revised LLC, but suggest myocarditis.436

For treatment, the immune checkpoint inhibitors are 
first discontinued, followed by administration of steroid 
pulse therapy (methylprednisolone at 1 g/day for 3–5 days). 
Treatment is then switched to administration of oral 
prednisolone at a dose of 1 mg/kg/day, which is tapered 
with monitoring of the state of recovery with respect to 
symptoms, troponin levels, cardiac function, conduction 
disturbance, etc. For steroid-resistance or fulminant 
myocarditis, administration of infliximab, mycophenolate 
mofetil, abatacept, thymoglobulin, high-dose intrave-
nous immunoglobulin, and plasmapheresis should be 
considered.438–442

  ▋ 4.8.2 Myocarditis Following COVID-19 Vaccination
A number of cases of myocarditis or perimyocarditis 
occurring as a rare complication after administration of 
messenger RNA COVID-19 vaccines have been reported. 
In Japan; the incidence of this complication per 1 million 
persons is 1.1 cases for the Pfizer vaccine and 2.6 cases for 
the Takeda/Moderna vaccine.443 Based on examination of 
reports by age and sex, the incidence is high in young men. 
For the Pfizer vaccine, it is 3.69 cases/1 million persons in 
men aged 10–19 years and 9.62 cases/1 million persons in 
men aged 20–29 years. For the Takeda/Moderna vaccine, 
it is 28.8 cases/1 million persons, and 25.65 cases/1 million 
persons, respectively. The incidence is higher for the Takeda/
Moderna vaccine, so the Pfizer vaccine is recommended for 
men aged 10–29 years.443

Myocarditis occurs within a few days after the second 
vaccination, and chest pain is often reported.425,443–445 
Among reported cases of suspected myocarditis-associated 
events in Japan, remission or recovery has been confirmed 

in most cases in young men whose events are suspected to 
be causally related to vaccination.443 Most cases are 
reported to be mild to moderate; however, a small number 
of deaths have also been reported.425,443–445 The myocardial 
tissues of vaccine recipients with fulminant myocarditis 
are characterized by infiltration of CD3-positive T cells 
(CD8-positive > CD4-positive) and macrophages into 
myocardial tissues, while infiltration of CD20-positive B 
cells is also observed in some recipients (Figure 26).446 In 
addition, there have been reports of recipients manifesting 
histological features of eosinophilic myocarditis.447,448 
Although inflammatory cell infiltration is rare in mild 
cases, damage of cardiomyocytes and edema or fibrosis of 
the interstitium are prominent in some cases.446

For myocarditis following COVID-19 vaccination, the 
pathogenic mechanism has not been elucidated; therefore, 
no therapeutic strategies have been established. However, 
in addition to the use of steroids and immunoglobulins, 
administration of nonsteroidal anti-inflammatory drugs 
and colchicine would be effective.445

5. Myocarditis in Neonates

 ▋5.1 Background and Etiology
  ▋ 5.1.1 Epidemiology

Because there are almost no substantial reports on neonatal 
myocarditis, an accurate incidence is unknown. In a survey 
conducted in Australia (1987–1996), histopathological 
findings (endomyocardial biopsy and autopsy) were 
obtained from 70 of 184 children who were diagnosed as 
having dilated cardiomyopathy at the age of ≤10 years; 
of them, 25 children (35.7%) were diagnosed as having 
lymphocytic myocarditis. In addition, 36 of the 184 children 
(19.6%) developed dilated cardiomyopathy within 4 weeks 
after birth. Despite the high incidence, it was not indicated 
whether histopathological findings were obtained from 
these children.449 A survey of acute myocarditis occurring 

Figure 26.  Histopathological images of post-coronavirus disease 2019 (COVID-19) vaccination myocarditis. Tissue specimens of 
right ventricular endomyocardial biopsy from a 40 s man who developed fulminant myocarditis 19 days after the second COVID-19 
vaccination. Infiltration of CD3-positive T cells (CD8-positive > CD4-positive) and CD68-positive macrophages into myocardial tissues 
is prominent, and infiltration of CD20-positive B cells is also observed. H&E, hematoxylin-eosin; MT, Masson trichrome stain.
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at age <20 years conducted in the USA (2006–2011) showed 
that the incidence was bimodal, with peaks at infancy and 
mid-teens, but there was no mention of neonates.450 In 
Japan, a survey (2006–2011) showed that 9 of 221 patients 
aged <18 years with acute or fulminant myocarditis (4.1%) 
were neonates,451 and a nationwide survey of neonatal 
intensive care units (NICUs) (1998–2002) reported 6 cases 
of neonatal myocarditis.452

  ▋ 5.1.2 Causative Pathogens
Although many of reported pathogens are enteroviruses 
(coxsackie A and B viruses), there have also been reports 
of adenovirus, rubella virus, fungi, and Toxoplasma.453–460 
The route of infection includes both vertical transmission 
in the uterus and horizontal transmission after birth. 
Because NICUs admit many patients with immature 
immunity, outbreaks in NICUs have been reported.461,462 
Strict preventive measures against infection, such as isola-
tion in an incubator, gown technique, and hand hygiene, 
should be implemented.

 ▋5.2 Diagnosis
  ▋ 5.2.1 Clinical Symptoms

The clinical symptoms are nonspecific and include fever, 
hypothermia, dysphoria, poor suckling, vomiting, respi-
ratory distress, and seizures. There have also been reports 
of neonatal myocarditis that occurred with arrhythmia, 
cardiogenic shock, and sudden death.463–467 In case of 
prenatal infection, neonatal myocarditis may occur as 
nonimmune fetal hydrops.453,457 Extracardiac complications, 

such as meningitis, hepatitis, and DIC, have also been 
reported.464,468,469

  ▋ 5.2.2 Diagnostic Tests
Myocarditis is suspected from the clinical course, echocar-
diographic findings (impaired cardiac function, edematous 
myocardium, and pericardial fluid), and ECG findings (ST 
elevation/depression and arrhythmia). Echocardiography 
and ECG are minimally invasive tests that can be repeatedly 
performed, even in NICUs, and are extremely useful for 
accurately detecting changes in disease state. Elevated 
levels of biomarkers, such as cardiac enzymes and cardiac 
troponins, facilitate diagnosis. Regarding pathological 
examinations for definitive diagnosis, endomyocardial 
biopsy is extremely difficult to perform during the neonatal 
period. Inevitably, the diagnosis is made based on biopsy 
specimens collected during initiation of VA-ECMO or 
implantation of a VAD or based on autopsy. Although 
many cases histopathologically appear to be lymphocytic 
myocarditis, eosinophilic and giant cell myocarditis have 
also been reported.465,470

Table 42 shows the recommendations and the levels of 
evidence for diagnostic procedures related to acute 
myocarditis in neonates.

 ▋5.3 Treatment
The mainstays of treatment are the treatment of acute HF 
with inotropes, diuretics, vasodilators, etc. and systemic 
management with mechanical ventilation, sedation, etc. 
For patients with concomitant arrhythmias, control with 

Table 42. COR and LOE for the Diagnosis of Acute Myocarditis in Neonates

COR LOE GOR 
(MINDS)

LOE 
(MINDS)

ECG should be performed to diagnose myocarditis I C B VI

Echocardiography should be performed to diagnose myocarditis I C B VI

 Measurement of cardiac enzymes and cardiac troponin can be considered to 
diagnose myocarditis IIa C B VI

 Transcatheter endomyocardial biopsy may be considered to diagnose 
myocarditis IIb C C1 VI

 Histological examination of myocardial specimens obtained during the initiation 
of extracorporeal membrane oxygenation or implantation of a ventricular assist 
device should be performed

I C B VI

COR, class of recommendation; GOR, grade of recommendation (Medical Information Network Distribution Service 
[MINDS]); LOE, level of evidence (MINDS).

Table 43. COR and LOE for the Treatment of Acute Myocarditis in Neonates

COR LOE GOR 
(MINDS)

LOE 
(MINDS)

 Venoarterial extracorporeal membrane oxygenation should be initiated for 
fulminant myocarditis I C B VI

Immunoglobulin therapy may be considered IIb C C1 VI

Immunosuppressive therapy may be considered IIb C C1 VI

COR, class of recommendation; GOR, grade of recommendation (Medical Information Network Distribution Service 
[MINDS]); LOE, level of evidence (MINDS).
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antiarrhythmic agents is also important. Despite the lack 
of evidence regarding the efficacy of high-dose IVIG or 
high-dose steroid therapy, application of these therapies 
should be considered according to pediatric or adult 
protocols. Because patients with fulminant myocarditis 
are indicated for VA-ECMO, it is preferable to transfer 
them to specialized facilities.471 Extracardiac complications, 
such as meningitis and DIC, should also be treated as 
needed.468,469

Table 43 shows the recommendations and the levels of 
evidence for the treatment of acute myocarditis in neonates.

 ▋5.4 Prognosis
In the survey targeting NICUs in Japan (1998–2002), the 
gestational age of 6 patients with neonatal myocarditis 
ranged from 26 weeks and 6 days to 39 weeks and 4 days 
(mean: 34.4±5.0 weeks), and birth weight ranged from 
850 to 3,258 g (mean: 2,274±925.3 g). Prenatal onset was 
suspected in 3 patients (2 with tachyarrhythmia and 1 with 
pericardial effusion), and maternal fever was observed for 
2 patients. The complications observed were DIC in 4 
patients, meningitis in 2, and hepatic dysfunction in 1. Of 
the patients 3 survived, including 2 who survived without 
sequela and 1 in whom impaired cardiac function persisted 
at the age of 18 months; 3 patients died (mortality rate: 
50%). The ages at death were 2, 3, and 58 days, with birth 
weights of the deceased patients of 850, 1,504, and 2,806 g, 
respectively.452

In a Dutch study of 35 cases, consisting of 7 cases treated 
at the authors’ institution and 28 cases previously reported 
in the literature, the extracardiac complications observed 
were meningitis in 19 cases (54%), hepatitis in 8 (23%), and 
DIC in 10 (29%); there were 11 deaths (mortality rate: 
31%). The 24 survivors included 14 cases of transition to 
dilated cardiomyopathy or persistent impaired cardiac 
function, and cardiac function recovered in only 9 cases.454

The mortality rate for neonatal myocarditis is extremely 
high (31–50%), and the prognosis is extremely poor, 
particularly in premature infants, low birth weight infants, 
and infants with concomitant meningitis or DIC.452,454 
Even in surviving patients, some residual lesions, such as 
impaired cardiac function, ventricular aneurysm, and 
myocardial calcification, are observed at a high frequency 
(33–66%); cases of heart transplantation have also been 
reported.452,454,455,472–475

6. Myocarditis in Children

 ▋6.1 Background and Etiology
  ▋ 6.1.1 Epidemiology

Myocarditis occurring in childhood is classified as fulminant 
myocarditis in 30–40% of cases, acute myocarditis in 
40–65%, and other types in 5–10%; chronic myocarditis is 
extremely rare. The percentages of cases of transition 
from acute myocarditis to chronic active myocarditis or 
chronic inflammatory cardiomyopathy, risk factors for the 
transition, and other features are unknown. Especially in 
children with chronic HF, differentiation among chronic 
active myocarditis, chronic inflammatory cardiomyopathy, 
and dilated cardiomyopathy is often difficult.476

Although the accurate incidence of pediatric myocarditis 
is unknown, it is estimated to be 43.5 cases/year in North 
America and 0.3 cases/10,000 children or 0.26 cases/100,000 

persons in Japan.451,477 In addition, myocarditis was 
reported in a maximum of 8% of athletes who suffered sudden 
death and in approximately 0.6–1.8% of autopsy cases 
ranging from children to young adults.478,479 The peak age 
of onset is bimodal, with peaks at infancy and mid-teens in 
the USA,450 whereas the incidence in Japan is markedly high 
in infants.451 In extremely rare cases, ST-T abnormalities 
and other conditions detected on heart examination at 
school has led to the diagnosis of chronic active myocarditis 
or chronic inflammatory cardiomyopathy.480,481 Myocarditis 
in children tends to be more common in boys in both 
Japan and the USA. It is assumed to be associated with sex 
differences in gene expression, cell activity, intracellular 
signaling, etc.482

  ▋ 6.1.2 Causative Pathogens
The main cause of myocarditis is viral infection. Any type 
of viruses encountered in daily clinical practice may induce 
myocarditis, although adenoviruses and enteroviruses 
particularly have been considered to be common pathogens. 
In recent years, involvement of human herpesvirus 6 and 
parvovirus B19 has been found to be more common than 
has conventionally been assumed, and these viruses are 
attracting attention.476,482,483

There have been a few studies on whether the incidence 
of myocarditis is higher in certain seasons with a high rate 
of viral infection, such as the winter season. For example, 
Skajaa et al conducted a study using registry data collected 
on myocarditis, pericarditis, and endocarditis for 23 years. 
When the incidence in the month with the lowest number 
of cases in 1 year was set as 1.0, the incidence in the month 
with the highest number of cases of myocarditis was 
approximately 1.11 (95% CI: 1.02–1.21), indicating that 
the incidence was not related to seasonality. In contrast, 
the incidence of pericarditis is suggested to be seasonal. 
Furthermore, the incidence is highest in October and the 
lowest in April.484 Influenza viruses are unquestionably one 
of the important causes of myocarditis. Despite various 
reports on the incidence of myocarditis caused by influenza 
viruses, a Canadian study showed that myocarditis was 
observed in only 2 of 505 children admitted for influenza 
infection during one influenza season.485,486 Because of that 
study, there is also a view that the incidence of myocarditis 
caused by influenza viruses in children is lower than is 
conventionally considered. Since COVID-19 became a 
worldwide pandemic in 2020, it has been reported that 
circulatory collapse is caused by multisystem inflammatory 
syndrome in children (MIS-C). In autopsy cases, inflam-
matory findings of the myocardium and detection of viral 
nucleic acid have been reported.476

 ▋6.2 Diagnosis
  ▋ 6.2.1 Clinical Symptoms

Because children generally have difficulty describing their 
poor health status with appropriate words depending on 
their age, physical examination is more important. 
Furthermore, the difficulty in accurately selecting children 
presenting with cardiac symptoms from many children 
presenting with similar symptoms during the epidemic 
season of viral infection should be considered. The 
symptoms are extremely diverse, ranging from cold-like 
symptoms (e.g., mild cough) and gastrointestinal symptoms 
(e.g., nausea, vomiting, and abdominal pain) to chest pain, 
hypotension, syncope, seizures, and cardiogenic shock 
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(Table 44).476,477,487 Although chest pain, tachypnea, dyspnea, 
and shortness of breath are particularly important symp-
toms, myocarditis is often difficult to diagnose at the initial 
hospital visit. Approximately 80% of children with a 
definitive diagnosis of myocarditis are examined at least 
twice before being diagnosed.488 Especially in cases of 
influenza, measles, and other infections, cardiac symptoms 
tend to be unclear because the symptoms of the infection 
itself are prominent.

  ▋ 6.2.2 Blood Tests
Although rapid increases in cardiac enzymes, such as 
aspartate aminotransferase and lactate dehydrogenase, 
lead to the diagnosis of myocarditis in children, cardiac 
troponins I and T are specific markers. Although CK and 
CK-MB are the most commonly used biomarkers of 
myocardial damage, these are inferior to cardiac troponins 
I and T with regard to not only sensitivity but also specificity. 
Even if CK-MB levels are within the normal range, 
myocarditis cannot be excluded. Because cardiac troponins 
I and T are not expressed in skeletal muscle, their specificity 
is high. In addition, because their molecular weights are 
low, they can be detected soon after onset (3–5 h). Although 
their levels are high in renal failure, they do not increase 
after intramuscular injection or exercise. The usefulness of 
cardiac troponin I or T is comparable, and levels are 
abnormal for approximately 7–10 days.487 Elevated levels 
of cardiac troponins I and T, BNP, and NT-pro BNP 
correlate with prognosis and signs of HF. Patients with 
high levels of these biomarkers more often require extra-
corporeal circulatory support than patients with low 
levels.476,489 A retrospective study including 164 patients 
with pediatric myocarditis showed that BNP levels were 
higher in patients with moderate to severe cardiac dysfunc-
tion than in those with normal to mildly impaired cardiac 
function (2,241 vs. 144 pg/mL, P<0.01), but that cardiac 
troponin I levels were conversely lower (1.2 vs. 8.5 ng/mL, 
P<0.01).490 Likewise, another retrospective study including 
149 patients with pediatric myocarditis reported that 
patients with troponin levels exceeding the normal range 
within 72 h of hospital admission were at a high risk of 
requiring the initiation of VA-ECMO (25.6% vs. 7.1%, 
P<0.034) but at a low risk of undergoing heart transplan-
tation (4.1% vs. 17.9%, P<0.001).489

  ▋ 6.2.3 Chest Radiography
Chest radiographic findings include cardiomegaly, pulmo-
nary congestion, and pleural effusion. However, in infants, 
ideal imaging conditions are often unobtainable because of 
distress and body movements. Particularly, cardiomegaly 
and pulmonary congestion may not be apparent even in 
patients with fulminant myocarditis associated with 
cardiogenic shock. In children, the detection rate of abnormal 
chest radiographic findings, such as cardiomegaly, is 
approximately 60%.487

  ▋ 6.2.4 Electrocardiography
ECG shows diverse findings, such as tachycardia, low-
voltage, QTc prolongation, flat/negative T wave, and ST-T 
abnormalities resembling acute myocardial infarction. 
Diffuse ST-T elevation suggests perimyocarditis. When 
inflammation affects the impulse conducting system, 
arrhythmia reflecting ventricular conduction disturbance, 
atrioventricular block, ventricular tachycardia, fibrillation, 
etc. appears.476 In patients with LVEF <50%, ST-T depres-
sion and an inverted T wave are significantly more prevalent 
than in patients with LVEF ≥50%; moreover, the presence 
of a wide QRS interval, QTc prolongation, ventricular 
tachycardia, and ventricular fibrillation suggests fulminant 
myocarditis.45,95,491

  ▋ 6.2.5 Echocardiography
Echocardiography is one of the most important modalities 
for diagnosing myocarditis. It is particularly important in 
children who are unlikely to cooperate with tests or are 
likely to have unstable hemodynamics. As for findings, 
attention should be given to the presence or absence of 
diffuse ventricular systolic dysfunction, left ventricular 
dilatation, myocardial wall thickening due to myocardial 
edema, pericardial effusion, intracardiac thrombi, atrio-
ventricular valve regurgitation, etc. Fulminant myocarditis 
is suggested in cases of apparent myocardial wall thickening 
despite mild left ventricular cavity dilatation, whereas 
acute myocarditis is suggested in cases of mild myocardial 
wall thickening despite marked left ventricular cavity 
dilatation.476,487 The specificity of echocardiography is low, 
as false-negative findings are common in mild cases.

Table 44. Clinical Symptoms and Their Frequency in Children With Myocarditis

Symptom Frequency (%) Examination finding Frequency (%)

Fatigue 25–70 Tachypnea 52–60

Shortness of breath 33–69 Tachycardia 32–58

Fever 31–58 Peripheral circulatory failure 58

Nausea/vomiting/abdominal pain 28–48 Hepatomegaly 21–50

Nasal discharge 38–44 Respiratory distress 21–47

Cough 17–44 Heart murmur 26

Chest pain 24–42 Reduced peripheral arterial tone 16–21

Dyspnea 22–25 Gallop rhythm 20

Palpitation 16 Cardiogenic shock 13

Orthopnea 16 Edema   7

Diarrhea   8–33 Cyanosis   2

(Source: Prepared based on Law YM, et al. 2021,476 Saji T, et al. 2012,477 Howard A, et al. 2020.487)
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  ▋ 6.2.6 Cardiac MRI
In recent years, cardiac MRI has been recognized as very 
useful and preferable to endomyocardial biopsy, especially 
in children. It is important to confirm increases in signal 
intensity of LGE on gadolinium-enhanced imaging and 
hyperintensity reflecting edema at inflammation sites on 
T2-weighted images. The specificity of LGE varies 
depending on disease stage, and LGE often appears ≥2 
weeks after onset.118

Most of the reported studies targeting children are 
single-center studies. Moreover, because of the variability 
in devices, imaging modalities, analysis protocols, etc., 
there have been very few studies with a high level of 
evidence. In a prospective multicenter study, the positivity 
rates were 81% for LGE, 74% on T2-weighted images, and 
55% for EGE, and the diagnostic sensitivity was 82%.492 
Because edema and fibrosis that persist for ≥6 months is 
not uncommon even in children, further studies are needed 
to investigate the association of these conditions with 
prognosis.493

  ▋ 6.2.7 Other Diagnostic Tests
a) Endomyocardial Biopsy
Although histological findings are apparently important for 
the definitive diagnosis of myocarditis, the Dallas criteria 
are associated with a high false-negative rate. Moreover, 
the primary site of myocarditis is often the left ventricular 
free wall.494 Thus, the significance of performing endo-
myocardial biopsy in children is limited, and myocarditis 
is often clinically diagnosed and treated. In 73% of patients 
aged ≤18 years who were clinically diagnosed as having 
myocarditis, inflammatory cell infiltration was confirmed 
in myocardial tissues.483,495 The rates of performing endo-
myocardial biopsy in children were 19.2% in Japan and 
12.0% in a multicenter study conducted in the USA.451,496 
The value of endomyocardial biopsy is improved by 
performing it in combination with polymerase chain reac-
tion or immunohistochemical staining. Although the rate 
of viral genome detection in endomyocardial biopsy speci-
mens is relatively high at 38%, viral genome detection does 
not correlate with elevated serum antibody titers.101

b) Nuclear Imaging/Contrast-Enhanced CT
In the acute phase, gallium citrate (67Ga) myocardial scin-
tigraphy, which detects inflammatory cell infiltration, and 
technetium 99 m (99mTc) pyrophosphate myocardial scin-
tigraphy, which detects necrosis of cardiomyocytes, may be 

performed. Although positive findings from either modality 
are useful for diagnosis, these modalities have drawbacks 
in terms of sensitivity, specificity, exposure doses, spatial 
resolution, etc. They are not recommended, particularly in 
infants. When differentiation from myocardial infarction is 
necessary, late contrast-enhanced CT has a high diagnostic 
accuracy and is useful.476,487

Table 45 shows the recommendations and the levels of 
evidence for the diagnosis of acute myocarditis in children.

 ▋6.3 Treatment
Patients may experience rapid disease progression and 
exhibit low cardiac output, cardiogenic shock, and lethal 
arrhythmia (fulminant myocarditis). Such patients should 
immediately be transferred to facilities that provide extra-
corporeal circulatory support.61 Although there is a lack of 
studies with a high level of evidence, such as RCTs, regarding 
the efficacy of specific drugs for the treatment of myocarditis 
in children, a protocol has been proposed.487 The basics of 
treatment are reduction in afterload and left ventricular 
filling pressure, improvement in low cardiac output, and 
maintenance of hemodynamics by administering oxygen 
and reducing oxygen demand. Although specific treatment 
includes antiviral agents, steroids, and high-dose IVIG, no 
consensus has been reached regarding the indications or 
doses.

  ▋ 6.3.1 Immunoglobulins
The efficacy of immunoglobulins for prognosis, cardiac 
function, etc. has not been verified through large-scale 
clinical studies, thus there is a cautious view regarding 
the administration of immunoglobulins in a uniform 
manner.487,497 Meanwhile, because viruses have been 
detected in 45% of patients who underwent endomyocardial 
biopsy shortly following hospital admission, there is also a 
view recommending early administration of IVIG.483 
Pediatricians are relatively familiar with the use of these 
drugs. In addition, immunoglobulins have been evaluated 
as highly effective for pediatric myocarditis. In Japan, a 
nationwide survey of clinical practice showed that IVIG 
were administered to 65.4% of 217 patients with acute/
fulminant myocarditis. The survival rate in the treated 
patients with fulminant myocarditis was 59.6%, indicating 
a significantly better prognosis compared with 15.0% in 
untreated patients.451

Table 45. COR and LOE for Diagnosis of Acute Myocarditis in Children

COR LOE GOR 
(MINDS)

LOE 
(MINDS)

 Cardiac enzymes and cardiac troponins should be measured to diagnose 
myocarditis I C B IVb

Echocardiography should be performed to diagnose myocarditis I C B IVb

 Cardiac magnetic resonance imaging should be performed to diagnose 
myocarditis I C B IVb

 Transcatheter endomyocardial biopsy can be considered to diagnose 
myocarditis IIa C B IVb

Nuclear imaging is not recommended for diagnosing myocarditis III (No 
benefit) C C2 IVb

COR, class of recommendation; GOR, grade of recommendation (Medical Information Network Distribution Service 
[MINDS]); LOE, level of evidence (MINDS).
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  ▋ 6.3.2 Immunosuppressants
Although immunosuppressants have not been verified as 
clearly effective, the combination of prednisolone with 
azathioprine or cyclosporin has been reported to improve 
myocarditis and severe cardiac dysfunction in the treatment 
of pediatric myocarditis.497–499 However, there are conflicting 
views regarding the use of high-dose steroids, immunosup-
pressive, interferon, or other therapies, including the 
following: (1) concerns have been reported that these 
therapies considerably exacerbate acute myocarditis, (2) 
these therapies can be expected to be effective if cases are 
selected based on histological findings such as cell infiltra-
tion, and (3) they are effective for fulminant myocarditis 
when administered in combination with intravenous 
immunoglobulins.500,501

  ▋ 6.3.3 Antiviral Agents
Pleconaril is an antiviral agent that directly binds to 
enteroviruses (particularly coxsackie viruses) and rhinovirus 
to prevent infection of target cells. Although this agent is 
expected to be effective for myocarditis, it has not been 
tested whether it improves prognosis.487,502 For patients 
infected with HIV, cytomegalovirus, or herpes simplex 
virus, respective specific antiviral agents should be 
administered.

  ▋ 6.3.4 Mechanical Circulatory Support
When hemodynamics become unstable because of the 
frequent occurrence of shock, acute renal failure, and 
lethal arrhythmia, MCS should be promptly initiated. 
When the body constitution is small compared to the 
circuit, the device may have to be installed by thoracotomy. 
In a multicenter study conducted in Germany, 14% of 
patients with pediatric myocarditis required MCS, and 
particularly patients aged ≤2 years were at a high risk of 
requiring VA-ECMO.483 In a nationwide survey conducted 
in Japan, the devices were initiated in 24.4% of all patients 
(94.2% of whom had fulminant myocarditis), with a survival 
rate was 50%.451 In children with fulminant myocarditis 
who experience cardiac arrest or cardiogenic shock, the 
survival rate after initiation of VA-ECMO has been 
reported to be 62.9% (95% CI: 55.3–69.8%); accordingly, 
the aggressive use of VA-ECMO is recommended.503

Table 46 shows the recommendations and the levels of 
evidence for the treatment of acute myocarditis in children.

 ▋6.4 Prognosis
In a nationwide survey conducted in Japan, the rate of 
survival to hospital discharge for myocarditis in children 
was 75.6% and 48% for fulminant myocarditis, which was 
lower than the survival rate of 91.0% for acute myocarditis 
(P<0.0001). After hospital discharge, 1.8% of patients 
died, and 0.6% underwent heart transplantation. The 
survival rate in patients who developed acute myocarditis 
before the age of 1 year was 69.6%, whereas the rate in those 
who developed the disease at age ≥12 years was 86.3%. The 
survival rate was slightly higher in older children. Although 
80.2% of surviving patients had a clinical course without 
any sequelae, 16.2% had serious sequelae such as central 
nervous system involvement, HF, and arrhythmia.451,477 
For fulminant myocarditis, although the rate of the use of 
MCS markedly improved from 17.2% to 52.9% over 
approximately 10 years, the survival rate did not improve 
(51.6% vs. 48.6%).

According to a report from the USA, of 75 patients 
with normal cardiac function at onset, 2 patients (2.7%) 
underwent heart transplantation and 2 patients (2.7%) died 
within 1 year; in addition, 15% of patients were readmitted 
for cardiovascular events, and 21% had persistent HF. 
The outcomes were by no means favorable.496 Cardiac 
MRI is useful for predicting prognosis. Patients who have 
myocardial edema with LGE at 6 months after onset are 
highly likely to recover cardiac function, whereas the 
survival rate at 6–8 years after onset is significantly lower 
in LGE-positive patients without myocardial edema. Poor 
prognosis has been reported particularly in patients who 
show LGE distributed in the middle layer of the ventricular 
septum.188

In children, myocardial remodeling gradually progresses 
even after myocarditis because of their lively behavior, and 
even children who have recovered normal cardiac function 
face a risk of sudden death. Thus, it is important to advise 
strict exercise restriction for a long period, and patients 
should only be allowed to participate in competitive sports 
after at least a few months.476 It has been reported that 
patients with high levels of BNP, cardiac troponin I, and 
CK on hospital admission, despite a relatively preserved 
LVEF ≥50%, are at high risk of persistent HF, heart 
transplantation, hospital readmission, etc.496

Table 46. COR and LOE for Treatment of Acute Myocarditis in Children

COR LOE GOR 
(MINDS)

LOE 
(MINDS)

 Mechanical circulatory support should be initiated in patients with fulminant 
myocarditis associated with cardiogenic shock or life-threatening arrhythmias I C B IVa

Immunoglobulin therapy can be considered IIa C B II

Immunosuppressive therapy may be considered IIb C C1 III

COR, class of recommendation; GOR, grade of recommendation (Medical Information Network Distribution Service 
[MINDS]); LOE, level of evidence (MINDS).
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