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Myocarditis
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The JCS 2023 Guidelines on the Diagnosis and Treatment of Myocarditis classifies myocarditis as acute, chronic
active, chronic, chronic inflammatory cardiomyopathy, or postmyocarditis cardiomyopathy. Endomyocardial
biopsy is the gold standard for the diagnosis of myocarditis, but cardiac magnetic resonance imaging (MRI) has
become increasingly important in recent years. In cases with suggestive symptoms, signs, and clinical course
accompanied by elevated cardiac troponin levels, cardiac MRI findings that meet the Lake Louise criteria can be
used to diagnose acute myocarditis without endomyocardial biopsy. However, endomyocardial biopsy is essen-
tial for the definitive diagnosis of chronic active myocarditis and chronic inflammatory cardiomyopathy. In this
review, we provided an overview of the diagnosis, treatment, and management of myocarditis in accordance
with the 2023 revised guidelines, including our own case studies. The diagnosis of myocarditis cannot be based
on clinical course and noninvasive tests alone, and it needs to be confirmed by myocardial biopsy or cardiac
MRI. A certain number of cases that were clinically diagnosed as dilated cardiomyopathy were chronic active
myocarditis and chronic inflammatory cardiomyopathy. Appropriate diagnosis, treatment, and management of
these patients are expected to improve the outcomes of severe heart failure in both childhood and adulthood.
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Table 1 Classification of myocarditis

Clinical feature

Etiology Histology
Acute myocarditis Infectious Lymphocytic
Clinical Viral Giant cell
Fulminant Bacterial Eosinophilic
Subclinical Fungal Granulomatous
Rickettsial
Chronic active myocarditis Spirochetal
Persistent Protozoal, parasitic
Subclinical Other

Chronic myocarditis

Chronic inflammatory cardiomyopathy

(including inflammatory dilated cardiomyopathy)

Post-myocarditis cardiomyopathy

Noninfectious
Chemicals

Drugs (including vaccines)

Other chemicals
Hypersensitivity reactions
Systemic diseases

Collagen disease, Kawasaki disease

Sarcoidosis, etc.
Radiation, heatstroke
Unknown etiology
Idiopathic

Modified from Table 7 of Reference 4).

<30 days I >30 days

!

Acute myocarditis

| Acute injury ‘

!

!

Chronic active myocarditis

« Inflammatory cell
infiltration

« Cardiomyocyte injury
(necrosis/degeneration)

* Edema

Healing process

* Subsidence of
inflammation

* Granulation
tissue

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.*' The mode of onset may be
obscure or may extend from acute
myocarditis

« Inflammatory cell infiltration

« Cardiomyocyte injury
(necrosis/degeneration)

« Fibrosis/fat replacement

» Cardiomyopathy-like changes in
cardiomyocytes

e

« Fibrosis/scarring
J

Post-myocarditis
cardiomyopathy
Fig. 1

Cited from Figure 2 of Reference 4).

#8848 (Histology; Table 1)
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Conceptual diagram of myocarditis

(Chronic myocarditis)

Chronic inflammatory

cardiomyopathy

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

* Inflammatory cell infiltration
(There are
immunohistological criteria*?)

* No cardiomyocyte injury

* Fibrosis
« Cardiomyopathy-like
changes in cardiomyocytes

*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/mm? (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/mm? (accompanied by CD3-positive T cells =7/mm?)

HPF, high-power field (x40 objective lens with field number 22)
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Fig. 2 Electrocardiographic findings of myocarditis in our cases

A) ST elevation. B) ST depression. C) Ventricular tachycardia. D) Multifocal atrial tachycardia. E) Advanced atrioventricu-
lar block. F) Complete atrioventricular block with wide QRS.
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Table 2 Criteria for diagnostic imaging for acute myocarditis using cardiac MRI

Lake Louise Criteria Il (2018 revised version)
(2 of the 2 major items are positive)

Diagnostic targets

Main criteria

T2-based imaging
(1) Regional high T2 signal intensity

Myocardial edema

(2) Signal intensity in a local area or the entire myocardium at least dou-

ble that of skeletal muscle in T2-weighted images

(3) Regional or global increase of native myocardial T2 value

Any 1 of (1)-(3)

T1-based imaging

(1) Regional or global increase of native myocardial T1 value

(2) Increased ECV

Edema, necrosis, fibrosis,hyperemia/capillary leak

(3) with high signal intensity in a nonischemic distribution pattern in

LGE images

Any 1 of (1)-(3)

Supportive criteria

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

Systolic left ventricular asynergy (strain) in cine MRI images

Pericardial inflammation

Decreased left ventricularfunction

ECV, extracellular volume; LGE, late gadolinium enhancement; MRI, magnetic resonance imaging. Modified from Table 18 of

Reference 4).

A.

Fig. 3 Cardiac MRI findings in our case of persistent chronic active myocarditis 4 months after onset of
fulminant myocarditis. These findings met the diagnostic criteria for acute myocarditis according to

both the 2009 and 2018 Lake Louise Criteria

A) T2-weighted black blood imaging. Arrow indicates regional high T2 signal intensity. B) Early gadolinium enhance-
ment imaging. Arrow indicates positive finding of the enhancement. C) Late gadolinium enhancement imaging. Arrow
indicates positive finding of the enhancement. D) T1 mapping showed prolonged native T1 values (mean 1251 ms; refer-
ence value 1050+/—50ms) and extracellular volume fraction increased to 46.6%.

O—F THEOLEPRFEIEK O RIT % 2 & H20
KEENDHERINATEETH 50, UER TRAENSOD
REEHARL LTS, BRELL 7Dk dN~ k
FUVY e IFIURMEEARL UT, SHELREmD
Oy e MY 7a— L7 a9 ALy R
ety X HICHEG (CD3, CD68, T %A C
RE) ATV 5.

HARTA TR, EHELAEDZWVIEOEME

ARNRBERSBSFRIME F£40F F25

vaw VRS ZHEOTIRNED S 5E (AR TO
#2527 52D, 2OA2E, LDEAERD 2 WVIEE
ERET Ty 7% ORI DN S5E (A
7S AD), R EEEREZE 2 5 2D R
SEbN 56 (A7 5 A1), REF oy 7R Ak
FHESKIC X 2 2o Nbns5E (AT 5 X
ITa), BMESEIMOMmHAR D B WIS IESSE M OE D
SN s5E (A7 5 A Ha) 1S ONEOAERDHE



97

Signs and symptoms:
less than 30 days after onset

+ Common cold-like symptoms and gastrointestinal symptoms (may not be preceding)
* Heart failure: shortness of breath, general fatigue, edema, etc.

. 4

* Arrhythmias: palpitations, syncope, recovery from cardiac arrest, etc.
AN

Non-invasive examinations

* 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)

Exclusion of acute comn syndrome [
Y, Culprit lesion; positive

* Coronary angiography
* Coronary CT

Endomyocardial biopsy
* Perform in early phase of onset as early as possible
* Perform by well trained operators in well trained facilities

Histological diagnosis 3

l

« Lymphocytic

* Eosinophilic

* Giant cell

« Granulomatous

Acute coronary syndrome

! Note: Exclusion of takotsubo cardiomyopathy, '

| MINOCA (Myocardial Infarction with Non-Obstructive |
1

| Coronary Arteries), etc., is required !
Culprit lesion; negative =~ —=====-====-m--sommTomo—omm—o oo oo

Unfeasible or
Feasible and negative findings

l Feasible and positive findings

Diagnosis based on clinical findings o
without histological findings

acute myocarditis
* Elevated high-sensitivity cardiac troponin level

|
1
* Sings/symptoms/clinical course suggestive of |
|
« Positive findings in both T1 and T2-based |

|

| images on cardiac MRI

(

Acute myocarditis

Fig. 4 Diagnostic algorithm for acute myocarditis

BNP, B-type natriuretic peptide; CK-MB, creatine kinase myocardial bound; CT, computed tomography; ECV, extracellu-
lar volume; LVEF, left ventricular ejection fraction; MRI, magnetic resonance imaging. Modified from Figure 21 of Refer-

ence 4).
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Signs and symptoms:
more than 30 days after onset

asymptomatic (subclinical) course

* 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

L 2

Noninvasive examination

block, ventricular tachycardia, etc.
and NT-pro BNP, etc.

decreased left ventricular ejection fraction, etc.

* Electrocardiography: ST-T changes, bundle branch block, atrioventricular
* Blood tests: elevated high-sensitivity cardiac troponin, elevated BNP

* Echocardiography: ventricular wall motion abnormality, ventricular dilatation,

3

* Coronary CT
 Coronary angiography
« Myocardial scintigraphy, etc.

‘ Culprit lesion; negative

Endomyocardial biopsy

Exclusion of ischemic cardiomyopathy ) Culprit lesion; positive

Ischemic
cardiomyopathy

* Perform by well trained operators in well trained facilities

Histological diagnosis

|

|

|
| STEP {1:Inflammatory cell infiltration |
| Leukocytes =14/mm? }
| (accompanied by CD3-positive T cells =7/mm?) |
l

STEP 2: Cardiomyocyte injury |
(degeneration/necrosis accompanied {
by encroachment of inflammatory cells I

at the perimeter of cardiomyocytes) |

No Nonischemic cardiomyopathy
other than chronic inflammatory
cardiomyopathy suspected

R

myocarditis cardiomyopathy

Chronic active ] Chronic inflammatory ]

A 4

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

_‘lllllllll

\
1
1
* Persistent increase in high-sensitivity cardiac troponin level }
|
|
)

* CD3-positive T cells in myocardial tissue =24/mm? (5.8 cells/HPF)
* Tenascin C (4C8) immunostain positive findings in myocardial tissue

Fig. 5 Diagnostic algorithm for chronic active myocarditis and chronic inflammatory cardiomyopathy
BNP, B-type natriuretic peptide; HPF, high-power field (X40 objective lens with field number 22). Cited from Figure 22

of Reference 4).
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Fig. 6 Electrocardiogram changes before and after steroid pulse therapy in our case

A) Presented with complete atrioventricular block before steroid pulse therapy. B) Twenty-four hours after the first
30mg/kg dose of methylprednisolone (just before the second dose), 1:1 atrioventricular conduction was restored.
C) After another 24 hours (just before the third dose), the wide QRS returned to narrow.
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