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Introduction Myocarditis is an inflammatory
heart disease induced by both infectious (e, vi-
ral, bacterial, fungal) and noninfectious (ie, im-
mune-mediated organ-specific or systemic dis-
ease, drugs, toxins) causes.' It mainly affects
young adults and children, leading to increased
cardiac morbidity and mortality. Myocarditis is
usually considered an uncommon disease, though
its real incidence seems to be largely underes-
timated. Postmortem studies on sudden cardi-
ac death (SCD) in young people revealed active
myocarditis in 2% to 42% cases.?”* Moreover, in
the years 1990 to 2015, increased morbidity and
mortality from myocarditis were recorded.’ In
approximately 50% of patients, acute myocardi-
tis resolves itself spontaneously, while in the re-
maining cases, it evolves into serious complica-
tions and/ or to dilated cardiomyopathy (DCM).
Finally, due to the variability of clinical presen-
tation and its unpredictable prognosis, myocar-
ditis still poses many diagnostic and therapeu-
tic challenges.

In this review, we would like to summarize
current knowledge about myocarditis and in-
flammatory cardiomyopathy, trying to outline
some practical diagnostic algorithms, and to
focus on more recent endomyocardial biopsy
(EMB)-based therapeutic approaches. We will
also highlight the importance of a close follow-
up of patients with clinically suspected or EMB-
proven myocarditis.

Definition  The diagnosis of myocarditis is only
established following histological, immunohisto-
chemical, and molecular confirmation based on
EMB (7aBLE 1)." Inflammatory cardiomyopathy is
defined as myocarditis with systolic or diastolic
cardiac dysfunction.! Autoimmune myocarditis
can be defined as an EMB-confirmed myocardial
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inflammation in the absence of a virus or other
infectious agents, with or without serum anti-
heart autoantibodies (AHA).

Etiology Myocarditis can be the result of multi-
ple causes, viral infection being the leading one
(TaBLE 2)." A viral genome is found in myocardial
tissue in about 15% to 30% of patients with active
myocarditis,®® more frequently in early disease;
in 30% of cases, multiple viral agents, mainly par-
vovirus B19 and herpes virus 6, can be detected.’

Autoimmune myocarditis may occur with ex-
clusive cardiac involvement or in the context of
systemic immune diseases (SIDs), such as hype-
reosinophilic syndromes, sarcoidosis, and con-
nectivitis.®'’ In immune-mediated myocarditis,
specific AHA are directed against cardiac or neo-
antigens."® Recently, a novel group of anticancer
agents, immune checkpoint inhibitors, displayed
the potential to induce auto-immune myocardi-
tis with serious complications."

Pathogenesis Genetic predisposition (in both
human leukocyte antigen-related and unrelat-
ed forms) may play a role in the pathogenesis of
myocarditis and its progression to postinflamma-
tory cardiomyopathy (FIGURE 1)."1213

Regardless of its etiology, myocardial injury ini-
tiates an inflammatory cascade that, based on ex-
perimental animal models, evolves into 3 phases.

Phase | (acute myocarditis) A specific infectious
or noninfectious cause alters the myocyte mem-
brane and triggers an immune response, rang-
ing from transient/mild to fulminant/ severe,
which consists of predominant macrophage and
lymphocyte infiltration of myocardial tissue.
This may be associated with an increased pro-
duction of immune mediators and cytokines



TABLE 1
and Caforio et al*")

Definite diagnosis of myocarditis based on endomyocardial biopsy (based on Caforio et al," Caforio et al,’

Histological definition (Dallas criteria)

LInflammatory infiltrates within the myocardium associated with myocyte degeneration and necrosis of non-

ischaemic origin™

Immunohistochemical criteria (abnormal inflammatory infiltrate)

*>14 leucocytes/mm? including up to 4 monocytes/mm?

*With the presence of CD3-positive T lymphocytes >7 cells/mm?

Etiology and immunological criteria

Virus-positive myocarditis

Histology and immunohistology positive

*PCR positive for >1 virus?; of note, the number of viral genome copies that are
considered significant are not standardized

Autoimmune
«Viral PCR negative

*Histology and immunohistology positive

*With or without AHA positive
*Exclusion of other known inflammatory causes

Immune-mediated

*Myocarditis in the course of systemic immune disease

*Histology and immunohistology positive

*Viral PCR negative

*With or without AHA positive

Virus-triggered
*Viral PCR negative

*Histology and immunohistology positive

*With or without AHA positive

*Myocarditis that is triggered by common viruses. Viral PCR on pharyngeal swabs
can support the association between viral exposure and the onset of myocarditis.

a Recommended viral screen: enterovirus, influenza virus, adenovirus, cytomegalovirus, Epstein-Barr virus,

parvovirus B19, human herpes virus 6

Abbreviations: AHA, antiheart autoantibody; CD, cluster differentiation; PCR, polymerase chain reaction

leading to inflammatory changes (edema, hy-
peremia, necrosis with or without fibrosis) in
myocardial tissue.

Phase Il (healed or chronic myocarditis) In most
patients, after viral infection, the host im-
mune response clears the pathogen and the in-
flammation is resolved. However, a substantial
group of patients with altered immune reactiv-
ity develop a heart-specific autoimmune reac-
tion leading to acute and/ or chronic myocardial
inflammation." "

Phase Ill (immune-mediated myocarditis) The
chronic phase may cause progressive myocyte
loss, followed by collagen deposition (fibrosis),
with or without residual inflammation. In turn, fi-
brosis progressively disturbs the myocardial archi-
tecture leading to tissue remodeling, loss of con-
tractile function, and eventually to DCM. Further
complications are linked to valvular dysfunction
and arrhythmias due to the involvement of the
conduction system, fibrosis-related reentry phe-
nomena, and stimulation of the myocardial ad-
renergic receptor by autoantibodies.'®

Effector cells involved in adaptive immune re-
sponse in phases II and III are mainly clusters of
differentiation 4 (CD4) (helper T cell), CD8 T lym-
phocytes (cytotoxic T cells), and B lymphocytes.

Following cardiotropic viral infections, molecu-
lar mimicry and cross-reactivity phenomena may
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contribute to the development of autoantibodies
against myocardial tissue.!’

Clinical features and diagnostic evaluation Clinical
manifestations of myocarditis may include isch-
emic-like presentation, recent-onset heart fail-
ure (HF) and, less frequently, cardiogenic shock
and severe arrhythmic pictures.'® These clinical
pictures differ in terms of clinical severity and
prognosis. Sometimes, the onset of myocarditis
is briefly preceded by a respiratory or gastroin-
testinal infection.'

Due to the variability of its clinical presenta-
tion, the diagnosis of myocarditis is sometimes
challenging. Thus, a uniform approach to the di-
agnostic process is recommended (FIGURE 2)." Diag-
nosis of clinically suspected myocarditis is based
on the clinical picture and deviations in additional
tests (TABLE 2)." The more criteria are fulfilled, the
higher the likelihood of myocarditis.

In particular, significant changes in coronary
arteries or other conditions (eg, significant val-
vular heart defects, congenital heart disease,
stress-induced cardiomyopathy) should always
be ruled out. In patients with a low pretest prob-
ability of coronary artery disease, noninvasive
imaging modality, such as computed tomogra-
phy angiography, should be preferred.' Final-
ly, in selected autoimmune / immune-mediated
diseases, myocarditis may be a part of the clin-
ical picture.

595



TABLE 2

Infectious myocarditis

Noninfectious myocarditis

Immune-mediated myocarditis

Infectious and noninfectious causes of myocarditis and/or inflammatory cardiomyopathy (based on Caforio et al,’ Caforio et al*")

Toxic myocarditis

RNA *Enteroviruses (Coxsackie  Autoimmune * Postinfectious Drugs * Amphetamines
viruses A an(.i B,.Echowrus) *Infection-negative giant cell * Anthracyclines
* Polio viruses * Infection-negative lymphocytic, «Cyclophosphamide
¢ Influenza A and B viruses .associated.with au.toimmune or «Fluorouracil
*Respiratory syncytial virus |mmung—orlented disorders: «Lithium
M . systemic lupus erythematosus; _
umps virus rheumatoid arthritis; sarcoidosis; * Catecholamines
*Measles virus Sjogren syndrome; Churg-Strauss eHemetine
«Rubella virus syndrome; Kawasaki d|§ease; e Interleukin 2
« Hepatitis C virus Wegener granulomatosis;
patiis Takayasu arteritis; inflammatory * Trastuzumab
*Dengue virus bowel disease; scleroderma; *Clozapine
*Yellow fever virus polyr_nyositis; myast_henia gravis; «Immune checkpoint
* Chikungunya virus |nsu!|n-dependent. dlapetes inhibitors
o mellitus; thyrotoxicosis;
*Junin virus rheumatic heart disease
eLassa fever virus (rheumatic fever)
*Rabies virus
*HIV-1
DNA * Adenoviruses Allergens/ *Tetanus toxoid Toxins *Cocaine
viruses «Parvovirus B19 hypersensitive eVaccines « Alcohol
* Cytomegalovirus * Serum sickness
*Human herpes virus 6 *Drugs: penicillin,
*Epstein-Barr virus cephalosporins, cefaclor,
Varicell ter vi colchicine, furosemide, isoniazid,
ance a-.zos er VI.FUS lidocaine, tetracycline,
*Herpes simplex virus sulfonamides, phenytoin,
«Variola virus phenylbutazone, methyldopa,
«Vaccinia vi thiazide diuretics, amitriptyline
accinia virus
Bacteria *Mycobacteria Alloantigens Heart transplant rejection Physical * Arsenic
*Chlamydia pathogens eLithium
* Streptococci eIrradiation
*Mycoplasma *Hypothermia
*Legionella spp. *Heat stroke
* Salmonella spp. Electric shock
* Rickettsia spp.
* Corynebacteria
*Borrelia spp.
Fungi * Aspergillus Heavy metals *Copper
*Candida elron
*Cryptococus eLead (rare, more
* Histoplasmodium spp. commonly causes
Intramyocyte
accumulation)
Parasites * Schistosomiasis Miscellaneous  *Scorpion sting
and *Larva migrans *Snake and spider bites
protozoa . .
e Trypanosoma cruzi *Bee and wasp stings
* Toxoplasma gondii * Carbon monoxide
*Trichinosis/trichinellosis eInhalants
e Echinococci *Phosphorus
Rickettsia e Coxiella burnetii (Q fever) * Arsenic
* R rickettsii (Rocky *Sodium azide
Mountain spotted fever)
*R tsutsugamushi
Noninvasive diagnostics Electrocardiogram Al-  block can be indicative of laminopathy, Lyme dis-
though there are no pathognomonic changes as-  ease, cardiac sarcoidosis, or giant cell myocarditis.'
sociated with myocarditis, electrocardiogram (ECG) ECG parameters may correlate with abnormal tis-
is usually abnormal (FIGURE 2).! Most commonly, ST-T ~ sue characteristics on cardiac magnetic resonance
wave abnormalities are observed. Atrioventricular (CMR) and have some prognostic value.?%?!
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EMB

Active myocarditis

* Inflammatory cells
infiltration

¢ Fibrosis (+/-)

* Microbial agent (virus,
bacteria, etc)

or

* Noninfectious factor
(drug, toxin, autoimmune
disease)

Healed myocarditis
¢ Inflammation (-)

* Trigger factor (-)
¢ Fibrosis (+/-)

Active myocarditis

* Destruction

* Mild inflammatory
cell infiltration

* Human leukocyte antigen
up-regulation (+/-)

Persisten myocarditis

e Without inflammatory
cell infiltration

* Human leukocyte antigen
up-regulation (+/-)

FIGURE 1
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DCM, arrhythmias

myocarditis and progression to dilated cardiomyopathy (DCM)

Biomarkers  There is no specific serum biomark-
er of inflammation in myocarditis, though eryth-
rocyte sedimentation rate and C-reactive protein
levels may be elevated.! An accompanying ele-
vated eosinophil count may suggest a secondary
disorder (eg, parasitic infection, allergy, drug- or
vaccine-related hypersensitivity reaction, myelo-
proliferative disease) or an idiopathic hypereo-
sinophilic syndrome (eg, Loeffler syndrome, an-
tineutrophil cytoplasmic antibodies—associat-
ed vasculitis).!

The serum troponin level, a recognized bio-
marker for detecting myocardial injury, is rec-
ommended by the European Society of Cardi-
ology (ESC), but it is neither sensitive nor spe-
cific for myocarditis.” Troponin levels can be el-
evated in over one-third of patients with myo-
carditis, but they do not seem to have the same
prognostic value in acute myocarditis as in acute
coronary syndromes."?? Natriuretic peptides
should be obtained when HF is suspected, but
values within reference range do not exclude
myocarditis.”® The usefulness of other cardiac
biomarkers is limited.

In appropriate clinical settings, laboratory in-
vestigation can be particularly helpful in con-
firming or ruling out specific SIDs associated
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Possible findings of endomyocardial biopsy (EMB) in patients with myocarditis (MC) and pathogenetic mechanisms involved in

with cardiac involvement (hypereosinophilic
syndromes, antineutrophil cytoplasmic antibod-
ies—associated vasculitis, sarcoidosis, systemic
lupus erythematosus, idiopathic inflammatory
myopathies, etc).

Viral serology is no longer recommended since
it does not correlate with the EMB-proven diag-
nosis of myocardial infection.'

Detectable specific serum AHAs suggest an
immune-mediated myocarditis or inflammato-
ry cardiomyopathy.''6.17.24-26 AHAs are IgG class
serum antibodies which, beyond specificity for
myocarditis and inflammatory cardiomyopathy,
have been proven to also be reliable biomarkers
for identifying the patients’ relatives who are at
risk." More recently, AHAs and intercalated disk
autoantibodies have been described as provid-
ing markers of autoimmune involvement in ar-
rhythmogenic right ventricular cardiomyopathy
for patients and their relatives.?’

Echocardiography ~ Standard echocardiographic eval-
uation with tissue-Doppler imaging analysis is an
integral imaging modality in the initial diagnos-
tic workup in all patients with suspected myo-
carditis, also during follow-up (FIGURE 2)."® Indeed,
echocardiographic changes can differentiate acute
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Clinical presentation

Myocardial damage

ECG /Holter/stress test

Cardiac imaging
(echo/angio/ CMR)

Tissue characterization (CMR)

* Chest pain, dyspnea, palpitations, syncope, cardiogenic shock, etc?

* Elevated troponin

* PR segment depression or elevation

* Atrial and ventricular arrhythmias,

* Atrioventricular block, or bundle branch block, intraventricular conduction delay
* ST-T wave change (ST elevation or non ST elevation, T wave inversion),

* Reduced R wave height, abnormal Q waves, low voltage,

* Regional wall motion or global systolic or diastolic abnormality, and /or ventricular dilation
* And/or increased wall thickness, and /or pericardial effusion, and/or endocavitary thrombi
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* T1 and T2 mapping (updated LLC 2018 criteria)

* Edema and /or LGE of classical myocarditic pattern

Clinically suspected myocarditis
if =1 clinical presentation and

>1 diagnostic criteria from different categories;
if the patient is asymptomatic, =2 diagnostic criteria should be met

|
J
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FIGURE 2  Diagnosis of clinically suspected myocarditis (based on Caforio et al')
Fever within the last 30 days with signs of respiratory or gastrointestinal infection; peripartum period; previous clinically suspected or definite
myocarditis; personal and/or family history of allergic asthma, other types of allergy; extracardiac autoimmune disease; toxic agents; family history of
dilated cardiomyopathy or myocarditis
Abbreviations: AHA, American Heart Association; angio, angiography; CMR, cardiac magnetic resonance; ECG, electrocardiography; echo,
echocardiography; ESC, European Society of Cardiology; LGE, late gadolinium enhancement; LLC, the Lake Louis Criteria

a
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(nondilated hypokinetic left ventricle [LV], and/ or
a transient increase in wall thickness, and/ or peri-
cardial effusion, and/ or cardiac thrombus) and
chronic myocarditis, and also help to rule out oth-
er conditions. Speckle tracking echocardiography
(STE) is a useful tool in the detection of subclini-
cal myocardial dysfunction and should be imple-
mented into routine clinical practice; it may reveal
intrinsic cardiac deformation with high sensitivi-
ty and reproducibility and correlate with EMB re-
sults.”® Moreover, STE show a prognostic role, par-
ticularly when the LV ejection fraction (LVEF) is
still preserved.?

Cardiac magnetic resonance imaging Cardiac mag-
netic resonance is the preferred noninvasive
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imaging tool for the diagnosis of suspected myo-
carditis, since it is able to identify a substantial
number of heart diseases that usually go unde-
tected on echocardiography.®? Cardiac magnetic
resonance provides essential information about
the morphology and function of cardiac struc-
tures and has also a unique potential for myo-
cardial tissue characterization."*:*!

Myocardial edema, hyperemia, and capillary
leaking in early gadolinium enhancement as well
as myocyte necrosis and fibrosis in late gadolin-
ium enhancement (LGE), are usually considered
primary imaging markers of inflammation.’*3
Acute inflammation and cell injury cause ede-
ma that is detected by T2-weighted sequences.
The release of inflammatory mediators produces



TABLE 3 Indications for endomyocardial biopsy

Guidelines Recommendation

EMB should be considered in all patients with clinically suspected

ESC 2013!

myocarditis.

EMB may be repeated if necessary, to monitor response to

aetiology-directed therapy, or if a sampling error is suspected in a

patient with unexplained progression of HF.

ESC 2016

EMB should be considered in patients with rapidly progressive HF
despite standard therapy when there is a probability of a specific
diagnosis which can be confirmed only in myocardial samples and

specific therapy is available and effective.

AHA 2016°°

EMB should be performed in clinically suspected unexplained acute
myocarditis which require inotropic support or MCS; Mobitz type 2
second-degree or higher heart block; sustained or symptomatic
ventricular tachycardia; failure to respond to guideline-based

medical management within 1 to 2 weeks.

EMB may be considered in patients with clinically suspected

myocarditis.

Abbreviations: HF, heart failure; MCS, mechanical circulatory support; others, see

FIGURES 1 and 2

regional coronary microvasculature dilatation
and hyperemia, which in turn increases local
gadolinium (a CMR contrast agent) uptake. Gad-
olinium accumulates in the extracellular space
where it increases the T1 signal, allowing detec-
tion of edema in myocardial tissue.’? Hyperemia
and consequent global enhancement of the myo-
cardium are indicative of pre- and post-contrast
T1-weighted sequences. Detection of LGE sug-
gests myocardial scarring and fibrosis.**3

The Lake Louis Criteria (LLC) 2009, consist-
ing of a few CMR techniques (late enhancement
sequences, T2-weighted edema images, and T1-
weighted sequences [before and after contrast
injection—early enhancement]), are widely ad-
opted in the diagnosis of suspected myocardi-
tis.’? When 2 of 3 criteria are met, the LLC have
higher sensitivity (of 67%) and specificity (of
91%) in the diagnosis of acute myocarditis com-
pared with single CMR techniques alone, but
the accuracy decreases in patients with chron-
ic manifestation.'®3?% Recently, the LLC were
supplemented by novel quantitative imaging
parameters (T1 and T2 mapping sequences) and
should be used routinely.?*36-3¢ All myocardi-
al areas involving a pathologic process (ie, ede-
ma, fibrosis) lead to increased T1 and T2 relax-
ation times and expansion of the extracellular
volume. T1 and T2 mapping sequences provide
direct quantification of T1, T2, including extra-
cellular volume fraction values of the myocar-
dium, and show more extensive myocardial in-
volvement.**?* Clinical evidence demonstrates
that adding these novel techniques improves
diagnostic accuracy in detecting acute, chronic

and subclinical myocarditis.?*3438:39

Nevertheless, CMR cannot replace EMB in
the diagnostic workup of myocarditis." The di-
agnostic utility of CMR is particularly limited
in patients with chronic cardiomyopathy and
in the presence of frequent ventricular and atri-

al arrhythmias.
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Nuclearimaging The 2013 ESC recommendations
did not support nuclear imaging in the diagnostic
workup of myocarditis because of insufficient ev-
idence.! A promising imaging method that could
improve the accuracy of the diagnostic process is
18F-2-fluoro-2-deoxy-D-glucose positron emis-
sion tomography (FDG-PET). It is capable of de-
tecting inflamed tissue via increased glucose up-
take and therefore provide metabolic information
on ongoing myocardial inflammation.***' FDG-
PET might be particularly useful in chronic myo-
carditis where CMR accuracy is low.*? FDG-PET
imaging already has an established role in the de-
tection of cardiac and extracardiac localizations of
sarcoidosis and therapy monitoring.** Moreover,
FDG-PET is allowed in patients with metallic im-
plants, CMR-incompatible heart valves, or cardi-
ac devices. Nevertheless, FDG-PET requires ap-
propriate dietary preparation to suppress physi-
ological glucose uptake and is associated with ra-
diation exposure.

Invasive diagnostics—endomyocardial biopsy Now-
adays, EMB is the only method enabling a cer-
tain diagnosis of myocarditis. The current ESC
position statement recommends consideration
of EMB in all patients with clinically suspected
myocarditis (TABLE 3)." If routinely performed in
patients with suspected myocarditis, EMB would
be of great clinical and scientific value, providing
valuable information about etiology and the true
prevalence of the disease.

Endomyocardial biopsy, using broad histo-
logical, immunohistochemical, and biomolecu-
lar (polymerase chain reaction [PCR], in situ hy-
bridization) analyses, allows for: detecting ac-
tive / chronic/healed myocarditis; defining the
type of inflammation (eg, lymphocytic, in 95%,
eosinophilic, giant cell, sarcoid); defining the un-
derlying etiology; establishing the presence of vi-
ral infection; describing myocardial fibrosis qual-
itatively and quantitatively; adjusting treatment;
and monitoring outcomes (FIGURE 2)."** What is
more, EMB provides key clues for differential
diagnosis (ie, arrhythmogenic right ventricular
cardiomyopathy, peripartum cardiomyopathy,
Takotsubo cardiomyopathy, infiltrative / stor-
age disorders).*

Importantly, the complication rate of EMB is
low (0%-0.8%)"2** in experienced centers. In
a large single-center study, summarizing over
4000 EMB treatments, no patient died and the
rate of major complications (including perfora-
tion with or without cardiac tamponade, em-
bolization) was 0.33% for left and 0.45% for
right ventricular EMB.* The principal EMB
complications are mainly vascular and include
hematoma, aneurysm, atrioventricular fistu-
la, vasovagal reaction, but also less frequently
infection, pneumothorax, heart block (most-
ly transient), arrhythmia, tricuspid or aortic
valve damage, systemic embolism, and heart
perforation with hemopericardium or cardiac
tamponade.**-4¢
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Techniques and general sampling Commonly, EMB
is performed under local anesthesia with fluoro-
scopic or echocardiographic guidance using fem-
oral or jugular venous access, while LV EMB is
carried out with arterial access (femoral or radi-
al/brachial).?”*® There are no strict recommen-
dations indicating which ventricle should be cho-
sen for EMB. However, there are data indicating
that biventricular EMB might increase diagnostic
accuracy of myocarditis and idiopathic cardiomy-
opathies.*" Particularly in suspected cardiac sar-
coidosis, giant cell myocarditis, unexplained car-
diomyopathy, echocardiographic or CMR abnor-
malities suggesting isolated LV involvement, LV
or biventricular EMB may be considered.*®

To increase the diagnostic accuracy and sam-
pling error and to perform all analyses, it is nec-
essary to gather at least 5 tissue samples (recom-
mended 5-10), each 1 to 2 mm in size, from dif-
ferent regions (right ventricle mainly from the
interventricular septum and LV mainly from the
free wall)." 50

According to the current ESC recommenda-
tions, safe and targeted treatment of myocar-
ditis is based on the EMB results.' Immunosup-
pressive or antiviral therapy without an EMB re-
sult should be avoided. If necessary, EMB may
be repeated when a sampling error is suspected,
in order to monitor response to treatment, or in
a patient with unexplained progression of HE'

Treatment Conventional and supportive therapy
Unfortunately, in most situations, treatment of
myocarditis is still symptomatic. High-quality and
systematic data are absent, and most studies are
small or report very heterogenous groups, with-
out a clear diagnostic and etiologic definition, or
information about “virus-positive” or “virus-neg-
ative” EMB-proven myocarditis. General thera-
peutic management should be adjusted to the se-
verity of the clinical profile and the occurrence of
a short-term spontaneous or treatment-induced
recovery. Patients with myocarditis presenting
symptomatic HF, arrhythmias, or comorbidities
should be managed according to the appropriate
guidelines.®"*? However, standard cardiovascu-
lar therapy can only delay the progression of the
disease to DCM. Treatment with nonsteroidal an-
ti-inflammatory drugs (ie, ibuprofen) is ineffec-
tive or harmful (risk of increased inflammation
and mortality), and should be reserved, in com-
bination with colchicine, only for patients with
concurrent pericarditis with preserved or near-
ly preserved LV function.”'-** Patients with acute
eosinophilic myocarditis are at a higher risk of in-
tracardiac thrombosis and peripheral emboliza-
tion, thus anticoagulation should be considered
until resolution of the acute inflammatory phase.

The management of arrhythmias should main-
ly be supportive, as in myocarditis, arrhythmias
often diminish or disappear following the res-
olution of acute myocardial inflammation. Pa-
tients with life-threatening arrhythmias should
be referred to centers with advanced mechanical
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hemodynamic and electrophysiology support.5'*?
When indicated, patients with refractory or wors-
ening arrhythmias may undergo radiofrequen-
cy endocardial or epicardial catheter ablation,
although with a limited success rate.’* Howev-
er, ablative management of arrhythmias in pa-
tients with active myocarditis showed moderate
effectiveness (approximately 45% recurrence of
premature ventricular contractions from other
locations at 3-month follow-up).** Recent data
showed a reduced arrhythmia burden in EMB-
proven infectious negative myocarditis following
a tailored immunosuppressive treatment.?® Rec-
ommendations regarding an implantable cardio-
verter defibrillator (ICD) should be evaluated in-
dividually.’? However, in the absence of ventricu-
lar arrhythmias, urgent ICD implantation is not
recommended for patients with recent onset clin-
ically suspected myocarditis and LVEF of less than
30%.°" In recent-onset myocarditis, referral for a
heart transplant, LV assist device, or prophylac-
tic ICD implantation should be deferred for 3 to
6 months and reassessed.’’ In patients at an in-
creased risk of SCD, the use of a wearable cardio-
verter-defibrillator may be advisable.®

Myocarditis-specific therapy The management of
myocarditis is multidisciplinary, and a myocardi-
tis Heart Team should always include a cardiolo-
gist, radiologist, cardiovascular pathologist, clin-
ical immunologist, or rheumatologist as well as
an infectious disease specialist.?

Immunosuppressive therapy  Although rapidly in-
creasing, available data on the effectiveness of
immunosuppressive therapy (IT) in autoimmune
myocarditis are still not conclusive. The ratio-
nale for IT in autoimmune myocarditis is to sup-
press the immunomediated cellular and humor-
al response that fuels myocardial inflammation.
Beyond corticosteroids, azathioprine, cyclospo-
rine, mycophenolate mofetil, and other agents
have been tested in various combinations. How-
ever, current ESC recommendations support im-
munosuppressive therapy in EMB-proven, virus-
negative myocarditis / inflammatory cardiomyop-
athy refractory to standard therapy, particular-
ly in patients with giant cell myocarditis, cardi-
ac sarcoidosis and eosinophilic myocarditis, and
no contraindications to IT."*° Giant cell myo-
carditis usually requires immediate and aggres-
sive immunosuppression to prevent SCD or the
need for urgent cardiac transplantation.'®? Im-
munosuppression improves long-term survival,
and its withdrawal may be associated with fatal
recurrence of the disease.®®®" In addition, giant
cell myocarditis can recur in a grafted heart re-
quiring more aggressive IT."5%:5% In noninfectious
eosinophilic myocarditis, immediate discontinua-
tion of the suspected cause and administration of
high dose corticosteroids are usually followed by
prompt remission, though the duration of immu-
nosuppressive therapy should be tailored to the
patient; a follow-up EMB may guide the length



and intensity of immunosuppressive therapy, as
well as the timing of its withdrawal.5*

Two main studies reported a sustained bene-
ficial effect of combined prednisone and azathi-
oprine therapy on LVEF (up to approximately
90% improvement in the treatment group), along
with a very favorable safety profile.® %5 However,
they were both single-center studies based on
small populations that still require confirmation
in larger, multicenter studies. Currently, a mul-
ticenter, randomized study IMPROVE-MC, Eu-
draCT no. 2020-003877-23) on combined pred-
nisone and azathioprine immunosuppression in
virus-negative myocarditis is ongoing. Selected
data from the most important studies on immu-
nosuppression in myocarditis and DCM are pre-
sented in TABLE 4. A recent meta-analysis also sug-
gested a favorable risk/ efficacy profile in EMB-
-proven myocarditis.®®

In patients with SIDs and EMB-proven myo-
carditis, disease-specific IT regimens should be
adapted in every single patient in order to achieve
remission. In fact, current evidence seems to
support more intensive and prolonged IT in pa-
tients with SIDs and infectious-negative autoim-
mune /immune-mediated myocarditis.®'

Immunomodulatory therapy The efficacy of intrave-
nous immunoglobulin (IVIG) in the treatment of
myocarditis is still debatable. A recently published
meta-analysis (1534 cases from 13 studies, mainly
children) showed that in patients with suspected
acute myocarditis, IVIG therapy reduced in-hos-
pital mortality and increased LVEF, and was well
tolerated.’” However, it should be pointed out that
most of the included studies were not based on
EMB-proven myocarditis and had no clear etio-
logical definition, and that one study reporting
aneutral effect on LV was excluded from the me-
ta-analysis.®® In addition, another meta-analysis
on the pediatric population showed no improve-
ment in survival rates.? Thus, IVIG are not cur-
rently recommended in the treatment of myo-
carditis /inflammatory DCM and further pro-
spective controlled studies are needed to clarify
their therapeutic role.!

Antiviral therapy No efficacy-proven antiviral
therapy is still approved for virus-positive myo-
carditis. The role of viral infection remains con-
troversial. What is more, a recently published
meta-analysis of 10 studies (1006 patients with
myocarditis or DCM) showed no significant dif-
ference in the prognosis of virus-positive and vi-
rus-negative patients.”’ However, in the setting
of infective myocarditis, a targeted antiviral ther-
apy may be used, both in acute and chronic myo-
carditis. Some efficacy was shown for antiretrovi-
ral drugs and targeted antibiotic therapy for op-
portunistic infections in HIV EMB-proven myo-
carditis; acyclovir, ganciclovir, and valacyclovir
are used for herpes virus infection and targeted
therapy for influenza or Lyme disease myocar-
ditis."3" In patients with a EMB-confirmed viral
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infection (enterovirus, adenovirus, and/ or par-
vovirus B19 genomes), treatment with interferon
beta was shown to improve viral clearance, qual-
ity of life, LV function, and New York Heart As-
sociation (NYHA) class and was also well toler-
ated.”"’? In another study, both spontaneous en-
terovirus clearance and interferon beta adminis-
tration were associated with better survival rates
than persistent infection.®

Long-term follow-up and prognosis: the role of a myo-
carditis outpatient clinic ~According to our expe-
rience and the current literature, a prospective-
ly scheduled close follow-up (at least 6 months)
after the diagnosis of myocarditis is of great im-
portance in prognostic stratification and disease
management. A suggested short-term evaluation
scheme depending on the initial presentation and
EMB result is presented in FIGURE 3.

In patients with EMB-proven myocarditis, re-
ported long-term (the median follow-up was 4.7
years) all-cause mortality was 19.2%, while SCD
occurred in 9.9% of patients.”® Spontaneous or
treatment-induced improvement (40%-50%; up
to 90%, respectively) of LV function occurs with-
in a few months of the disease onset.>*!"5” There-
fore, the identification of reliable early predictors
of long-term outcomes is crucial for the progno-
sis and clinical management.

Follow-up evaluation is mainly based on clin-
ical (sign and symptoms of HF and/ or arrhyth-
mia, chest pain), biochemical (troponin), ECG,
and echocardiographic assessment (including
STE), but additional tests (Holter-ECG, exercise
test, CMR) may also be useful."*"*7 Although
CM may also be useful, its role in follow-up is
not clear; therefore, the routine use of CMR for
disease monitoring is currently not recommend-
ed. Persistence of LGE and disappearance of ede-
ma are more likely associated with worse progno-
sis compared with complete resolution or persis-
tence of both LGE and edema. Persistent edema
can suggest an ongoing process with some resid-
ual chance of recovery.”

Infarct-like presentation of myocarditis is pre-
dominantly associated with excellent prognosis
and spontaneous resolution, mainly when accom-
panied by preserved LV function at baseline, no
wall motion abnormalities, stable arrhythmic pro-
file and resolution of ECG abnormalities.?!57.75.76
Worse outcomes (60% heart transplant-free 10-
year survival) are associated with symptomat-
ic HF, malignant ventricular arrhythmias, se-
vere atrioventricular conduction abnormalities,
and/ or fulminant myocarditis presentation.®’

The most commonly reported factors associ-
ated with negative prognosis in myocarditis are:
positive viral PCR, giant-cell myocarditis etiolo-
gy, reduced LVEF, NYHA class II-1V, LGE at base-
line, and the persistence of a viral genome in car-
diac tissue at follow-up. The persistence of symp-
tomatic HF (NYHA class III-1IV) and improve-
ment/normalization of LVEF (defined as LVEF
increase of 20% or LVEF >50%) within the first
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TABLE 4 Randomized and controlled treatment trials with immunosuppressive drugs in myocarditis and dilated cardiomyopathy

Outcome Trial comment

comment

Author NS

(trial)

Treatment
(duration)

Patients/
controls, n

Population Endpoints

characteristics

Patient type
Controls

Treated patients

(9) L€L 120z  INIJIAIN TYNYILNI 40 STAIHIYY HSITOd

Parillo 1989 Total: median (IQR)  49/52 “Reactive” Prednisone vs LVEF after 3mo  53% improved; 47% 27% improved; 73% LVEF *No viral PCR
et al’? age, 43 (23-67) y; patients (n = 60)  placebo (for 3 unchanged/deterioration  unchanged/deterioration  increased «Before Dallas criteria
LVEF, 17% vs “nonreactive” months and then on . . . in67% in .
(3%—35%); duration DCM (n = 42) alternate days) Mortality No difference No difference reactive .'NOt sustalnedf LVEF
of symptoms, 8 mo group vs :jr_nf;)rovemer;: 0 9 (?10
2wk to 11y) 28% in ifference after 9 months)
nonreactive  ®Heterogenous group
(P=0.004) (DCM, MC)
Mason 1995 Mean (SD) LVEF, 64/47 Myocarditis and Prednisone and LVEF after 6 mo  No difference No difference No benefit, ~ *Underpowered
etal 24% (10%); LVEF <45% cyclosporine or Mortality No difference No difference no harm *Unknown etiology
(MTT) interventional azathioprine vs «No viral PCR
group: age, 43 y; placebo (for 24 wk) 0 vira
duration of
symptoms <2y
Wojnicz 2001 Interventional 41/43 Chronic (>6 Prednisone and Death, heart No difference No difference LVEF *No viral PCR
et al®® group: age, 41y; months) dilated azathioprine vs transplantation, improved «HLA as a criterion of
mean (SD) LVEF, (inflammatory) placebo (for 3 mo) or hospital after 3 mo inflammation
23.8% (8.6%); cardiomyopathy readmission and
duration of + upregulation of at2y sustained
symptoms >6 mo Ehﬁo/and LVEF LVEF after 3mo  Improved in majority Improved in minority after 2y
= 0
Frustaci 2009 Total: mean (SD) 43/42 Active Prednisone and LVEF after 6 mo  88.3% improved; 11.7% 0% improved; 100% Favorable ¢ Quantitative WHF biopsy
et al age, 42.7 (15.4) y; lymphocytic azathioprine vs unchanged/deterioration  unchanged/deterioration  results criteria
(TIMIC) LVEF 27.1% (6.5%); myocarditis placebo (for 6 mo) sustained
duration of (virus-negative) after 1y
symptoms >6 mo and LVEF <45%
Maisch 2011 No data 54/47 Autoreactive Prednisolone and LVEF, MACE LVEF + MACE improved ~ Some spontaneous Favorable * Quantitative WHF biopsy
etal® inflammatory azathioprine vs after 6 mo improvement criteria
(ESETCID) dilated placebo (for 6 mo)
cardiomyopathy

(virus-negative)
and LVEF <45%

Abbreviations: HLA, human leukocyte antigen; IQR, interquartile range; LVEF, left ventricular ejection fraction; MACE, major adverse cardiac event; WHF, World Heart Federation; others, see TABLE 1 and FIGURE 1



Suspected myocarditis

[
Short-term (up to 2 weeks) evaluation
|

{ ) +
LVEF <40%;
life-threating
LVEF=50% LVEF 40%-49% arrhythmias or
advanced AV block
1-3 months

reevaluation®

LVEF
improvement/
stabilization

Deterioration/
no improvement

LVEF
improvement

Consider EMB 1 Scheduled FU
Consider healed especially when =1 other 3, 6, 12—24 months

myocarditis condition”
* No chest pain, |
arrhythmia, advanced
AV block
* Without WMA
* ECG normalization
* No LGE Active/chronic No myocarditis
* Troponin negative myocarditis (differential diagnosis)

|

Scheduled FU
6, 12-24 months

Virus negative

sauljapinb ajendoidde ay 03 Buipi0aae Juswiesy SalIPIGIOWOd pue dlwyiAyie-nue ‘4H anewoldwAg

Immunosuppression Consider antiviral
6 months treatment
Scheduled FU
* LVEF, WMA

* ECG, troponin

* Signs /symptoms of
HF, chest pain,
arrhythmias, syncope

* Safety and tolerance
of the therapy

* FU EMB may
be required to guide
the length of
immunosuppression

FIGURE 3  Proposal of scheduled diagnostic and therapeutic clinical management of patients with suspected myocarditis; based on."*-%’
a ECG, Holter ECG, troponin measurement, echocardiographic reassessment, consider exercise test

b Persistently elevated or increase in troponin level; context of autoimmune disease; potential triggers (drugs, allergens); persistent cardiac
arrhythmia and/or chest pain; persistent WMA and/or decrease in LVEF; LGE areas at baseline; positive AHA if available
Abbreviations: AV, atrioventricular; FU, follow-up; WMA, wall motion abnormalities; others, see FIGURES 1 and 2, TABLES 3 and 4
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6 months emerged as independent predictors of
long-term outcomes.”’ Baseline LGE was found
to be a powerful (and stronger than LVEF) pre-
dictor of outcomes (all-cause mortality or cardio-
vascular death, resuscitated cardiac arrest, heart
transplantation, appropriate ICD shock, rehospi-
talization, and recurrent acute myocarditis), irre-
spective of LVEE."?

In a few studies, the troponin level was report-
ed to be not relevant to the prognosis of acute
myocarditis in adults or children.?"’% Neverthe-
less, troponin and/ or natriuretic peptides may be
useful in monitoring HF evolution and response
to therapy.®'

The prevalence of ventricular arrhythmias in
myocarditis varies by LVEF, LGE presence, and
histological type, and is higher in cardiac sar-
coidosis, giant cell and eosinophilic hypersensi-
tivity myocarditis than in lymphocytic myocardi-
tis.*®7879 Polymorphic and irregular ventricular
arrhythmias are more common in active myocar-
ditis, while monomorphic and regular ventricular
arrhythmias are associated with healed myocar-
ditis.?? On the other hand, there are limited data
on the burden and prevalence of atrial arrhyth-
mias in patients with myocarditis.

Optimal duration of pharmacotherapy after
restoration of LV function has not been defined
and should be individualized, because relapses
and recurrences are observed. No specific test,
apart from EMB, can establish complete reso-
lution of inflammation in myocarditis and this
can be particularly important in the certifica-
tion of athletes. In selected patients, a follow-up
EMB may be required in orienting IT intensity
and extension.

Physical activity Physical activity should be re-
stricted for at least 6 months from the onset of
myocarditis, depending on clinical severity, LV
function, and the extent of inflammatory changes
on CMR at baseline."*° This applies both to com-
petitive and amateur exercise regardless of age,
gender, clinical presentation, and applied treat-
ment." In myocarditis, especially when associated
with strenuous physical exertion, SCD may occur
despite normal LV function (myocarditis was de-
tected in up to 20% of athletes who experienced
SCD).%" In the murine model of coxsackie virus
myocarditis, physical activity was shown to be as-
sociated with increased viral load, progression of
cardiomyopathy, and increased risk of death.®? Pa-
tients with a previous episode of myocarditis are
also at an increased risk of progression and/ or
recurrence of the disease and require periodical
reassessment, especially within the first 2 years.

Before returning to sporting activity, patients
should be carefully re-evaluated. Clinical and func-
tional testing is indicated'*® and the following
criteria should be met: normality of LVEF and
serum cardiac biomarkers, absence of clinical-
ly relevant arrhythmias on 24-h ECG and exer-
cise test, and no evidence of ongoing inflamma-
tion or fibrosis on CMR." %% ¢ The significance of
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persistent LGE in a clinically healed myocardi-
tis is unknown, though myocardial fibrosis rep-
resents a potential risk factor for ventricular ar-
rhythmias; consequently, athletes should remain
on annual clinical reassessment.?*-*° Patients with
extensive LGE area (>20%) and persistent LV dys-
function should abstain from moderate-intensive
exercise.!’ Consultation with an arrhythmia and
sports specialist is suggested in challenging cases.

COVID-19 myocarditis  Clinically suspected myo-
carditis has also been reported in SARS-CoV-2
acute respiratory syndrome, yet conclusive evi-
dence that SARS-CoV-2 is a novel cardiotropic vi-
rus is still lacking.'-#6-%7 Cardiac dilatation, wall
motion abnormalities, ischemia, troponin release,
thrombi, and/ or pericardial effusion are com-
monly observed and constitute an element of
post-COVID-19 syndrome.*® CMR studies show
conflicting results with a very high to low com-
plication rate of fibrosis (LGE areas) or active
myocardial edema meeting the LLC for myocar-
ditis.?*?* COVID-19 myocarditis can develop dur-
ing the acute phase or weeks/months after the
SARS-CoV-2 infection. The severity of COVID-19
does not correlate with the risk of myocarditis.
It seems that the mechanism of myocarditis as
a complication of COVID-19 is mainly immune-
mediated. SARS-CoV-2 can also invade the myo-
cardium; however, a typical lymphocytic myocar-
ditis with viral presence is rare.®’

Conclusions Myocarditis represents a growing
challenge for physicians and requires highly in-
tegrated multidisciplinary management by an ex-
perienced myocarditis Heart Team. Besides stan-
dardized protocols, integration of novel immu-
nological (AHA), echocardiographic (STE), CMR
(updated LLC), and nuclear imaging techniques
for decision-making is advisable. Still, EMB is
the diagnostic gold standard and represents a
key tool for etiological and differential diagnosis.
There are more and more available data support-
ing the efficacy of IT in EMB-proven myocarditis:
giant cell, eosinophilic, immune-mediated, and vi-
rus-negative lymphocytic myocarditis. However,
further controlled, multicenter clinical trials are
required to confirm prior studies and to collect
more data regarding etiology-oriented therapies.
Finally, organization of a myocarditis outpatient
clinic and implementation of specific screening
and follow-up schedules for myocarditis patients
seem particularly advisable.
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