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Myocarditis was discovered as heart disease at autopsy with the use of microscope.
In 1900, with the name of acute interstitial myocarditis, Carl Ludwig Alfred Fiedler first reported the history of a
sudden cardiac heart failure, in the absence of coronary, valve, pericardial disease or classical specific infections
with multiorgan involvement. He postulated a peculiar isolated acute inflammation of the myocardium with
poor prognosis due to invisible microorganisms, which years later would have been identified as viruses. Subse-
quent revision of Fiedler original histologic slides by Schmorl showed cases with either lymphocytic or giant cell
infiltrates.
The in vivo diagnosis became possiblewith the right heart catheterism and endomyocardial biopsy. Employment
of immunohistochemistry and molecular techniques improved the diagnosis and etiology identification. The
mechanism ofmyocyte injury by coxsackie virus was identified in protease 2A coded by the virus and disrupting
the dystrophin in the cytoskeleton. Both RNA and DNA viruses may be cardiotropic, and coxsackie and adenovi-
rus share a common receptor (CAR). Unfortunately, vaccination is not yet available.
Cardiac Magnetic Resonance is a revolutionary diagnostic tool by detecting edema, of myocardial inflammation.
However endomyocardial biopsy remains the gold standard for etiological and histotype diagnosis, with limited
sensitivity due to sampling error.
Viral lymphocytic fulminant myocarditis may not be fatal and the employment of mechanical assistant device –
ECMO in acute phase for temporary support may be lifesaving with good prognosis.

© 2019 Elsevier B.V. All rights reserved.
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Myocarditis was discovered as heart disease at autopsy with the use
of microscope (Table 1), invented in 1665 by Robert Hooke to see
“minute bodies” (Fig. 1) [1]. The microscope became a routine tool in
Germany in the XIX century, when the Berlin Virchow school had the
supremacy in Pathology with the discovery of cells as elementary
units of the organs.

In 1900, in the middle of the bacteriological era, Carl Ludwig Alfred
Fiedler first reported with the name of acute interstitial myocarditis a
sudden heart failure in the absence of coronary valve, pericardial dis-
ease and of specific infections with multiorgan involvement [2]. He ob-
served a peculiar acute inflammation, isolated of the myocardium, with
poor prognosis, due to invisible microorganisms which years later
would have been identified as viral particles. Subsequent revision of
Fiedler original histologic slides by Schmorl, quoted by Saphir [3],
showed both cases with lymphocytic and giant cell infiltrates. Fiedler
myocarditis was then namedwith the eponym of giant cell myocarditis.
Interesting enough, Fiedler advanced the possibility of cardiac contrac-
tility recovery, despite severe inflammation, since themyocardial injury
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appeared reversible in the absence of significant cardiomyocyte
necrosis.

Sergei Semionovich Abramov had published in 1897, three years
earlier when still a student, an autopsy case of similar myocarditis
with cardiomegaly [4]. The disease is nowadays known also as Abramov
– Fiedler myocarditis. In 1905 Saltykow [5] questioned the distinction
between parenchimatous (diphtheritic) and interstitial myocarditis
and dictated the definition of myocarditis, as a non-ischemic disease
of the myocardium with inflammatory infiltrates.

Acute rheumatism was found by Aschoff [6] to involve the heart
(“pancarditis”), including the myocardium with granuloma (“Aschoff
bodies”) (Fig. 2A). It was not a cardiac infection, since culture of
verrucous valve vegetations revealed to be sterile. Thus, the concept of
non-infective immunological diseases, affecting the heart, was
conceived.

Myocarditis hasmultiple causes: idiopathic, autoimmune (allergens,
alloantigens, autoantigens) and infectious (virus, bacteria, fungi, proto-
zoa, helminths). However, the viral infection is themost common cause
in Western Europe and North America. The clinical diagnosis of viral
myocarditis has been based for years upon serological tests with ele-
vated viral antibodies or, less frequently, with blood/pericardial fluid
culture. In 1948 coxsackie virus was identified as cardiotropic virus,
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Table 1
Historical Milestones in the knowledge of Myocarditis.

1665 Hooke R. Micrographia, or some physiological descriptions of minute bodies
made by magnifying glasses with observations and inquiries thereupon (1).

1900 Fiedler A. Acute interstitial Myocarditis in sudden heart failure (2).
1904 Ashoff KAL. Acute rheumatic myocarditis pancarditis (6).
1928 Chagas C. Sur les alteration du Coeur dans la trypanosomiases américaine

(8).
1929 Forssmann W. Die Sondierung des rechten Herzens [Probing of the right

heart] (10).
1929 Bernstein M et al. Sarcoid: report of a case with visceral involvement (9).
1948 Dalldorf G et al. An Unidentified, Filtrable Agent Isolated From the Feces of

Children With Paralysis (7).
1962 Sakakibara S and Konno S. Endomyocardial biopsy technique (11).
1974 Richardson PJ. King's endomyocardial bioptome (12).
1980 Woodruff JF. Viral myocarditis (22).
1986 Mullis, Kary B. et al. Process for amplifying, detecting, and/or-cloning

nucleic acid sequences (17).
1986 Bowles NE et al. Detection of coxsackie-B-virus specific RNA sequences in

myocardial biopsy samples from patients with myocarditis and dilated
cardiomyopath (16).

1987 Aretz H.T. et al. Myocarditis: a histopathologic definition and classification
(14).

1989 Cartun RW, Pedersen CA. An immunocytochemical technique offering
increased sensitivity and lowered cost with a streptavidin-horseradish
peroxidase conjugate (15).

1991 Lieberman EB. Et al. Clinicopathologic description of myocarditis (33).
1994 Martin AB et al. Acute myocarditis. Rapid diagnosis by PCR in children (21).
1995 Richardson P et al. WHO/ISFC Cardiomyopathies Definition (23).
1995 Mason JW et al. A clinical trial of immunosuppressive and

immunomodulatory treatment for myocarditis (32).
1999 Badorf C et al. Enteroviral protease 2A cleaves dystrophin: evidence of

cytoskeletal disruption in an acquired cardiomyopathy (24).
1999 Kawai C. From myocarditis to cardiomyopathy: mechanisms of

inflammation and cell death: learning from the past for the future (26).
2001 He Y. et al. Interaction of coxsackievirus B3 with the full length

coxsackievirus-adenovirus receptor (25).
2007 Cooper LT et al. The role of endomyocardial biopsy in the management of

cardiovascular disease (30).
2009 Friedereich MG et al. Cardiovascular magnetic resonance in myocarditis

(28).
2011 Leone O et al. Consensus Statement on EMB from AECVP and Cardiovascular

Pathology (31).
2013 Caforio A et al. Current state of knowledge on aetiology, diagnosis,

management, and therapy of myocarditis: a position statement of the
European Society of Cardiology (20).
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killing infants and children. It was discovered by Gilbert Dallford, in the
feces of children from the village named coxsackie, at the New York
State Department of Health, Balcany, New York [7].

Meanwhile, in 1909, Carlos Chagas, a Brazilian physician, described a
severe myocarditis in a systemic infective disease by the protozoan
Trypanosoma Cruzii [8]. Moreover, in 1929, Bernstein et al. [9] reported
a myocardial inflammatory involvement in sarcoidosis, a non-infective,
non-caseous granulomatous myocarditis, different from tuberculosis
and probably immune.

At that time the myocardium could be investigated only at autopsy,
since muscle biopsy was feasible at skeletal level. With the advent of
cardiac catheterization in 1929 by the German urologist Werner
Forssmann, it was possible to reach safely the right heart cavities
in vivo (Fig. 3) [10].

The technique of transvenous endomyocardial biopsy (EMB)was in-
troduced in Japan by Sakakibara and Konno in 1962 [11]. Peter Richard-
son of Kings College Hospital in London inventeda smaller-diameter
bioptome in 1974, that was more flexible and could be inserted percu-
taneously into femoral or subclavian veins [12]. At the Stanford Univer-
sity in Palo Alto, Philip Caves in 1973 used the jugular vein approach for
the biopsymonitoring of cardiac rejection in transplanted patients [13].

Thus activemyocarditiswas possible to be detected in vivo and diag-
nostic histologic criteria were put forward in Dallas by the Society for
Cardiovascular Pathology in 1985, based upon microscopic observation
of inflammatory infiltrates associated with myocardial injury (“Dallas
Criteria”) [14]. Invention of immunohistochemical analysis allowed
the precise identification of inflammatory cells [15].

Bowles et al. in 1986, by applying in situ hybridization molecular
technique, identified coxsackie virus in humanmyocardial biopsy sam-
ples of patients with acute myocarditis or dilated cardiomyopathy [16].
The invention of Polymerase Chain Reaction (PCR) by Kary Mullis in
1986[17] allowed to achieve the diagnosis of a transmissible disease,
whether infectious or genetic. Molecular analysis by PCR is now consid-
ered a gold standard tool for the diagnosis of viral myocarditis [18]. Dal-
las criteria were sentenced to death by Baughman in the absence of
immunohistological and molecular investigation [19]. ESC position
statement supported the histological/immunohistochemistry criteria
and molecular analysis to have better accuracy than Dallas criteria
[20], butthere was not yet a final demonstration of increase accuracy.

The spectrum of cardiotropic viruses is wide including both RNA (Pi-
cornavirus, Influenza A and B viruses) and DNA (adenovirus, herpes vi-
ruses, parvovirus B-19). However, the PCR may results negative,
although the causal organism was virusin origin, due to viral clearance.
Coxsackievirus is the most frequent and malignant cardiotropic virus in
children [21] but much less in adult. Unfortunately, all experimental re-
search in mice is still based on coxsackie virus induced myocarditis.

Clinical presentation may be fulminant with cardiogenic shock but
more frequently benign. Cardiac electrical instability with ventricular
arrhythmias is pending with the risk of sudden death. Release of tropo-
nins because of cardiomyocite necrosis increases serum troponin level.
Differential diagnosis with ischemic heart disease is mandatory, with
the need of coronary angiography to rule out coronary syndromes.

Animal experiments, undertaken by Jack Woodruff [22], indicated
that both the production of neutralizing antibodies and arrival of T
mononuclear inflammatory cells in myocardium play an important
role in suppressing virus growth and favoring viral clearance. T cell me-
diated immunity appeared to be involved in the pathogenesis of the le-
sions, eventually progressing to dilated cardiomyopathy. Being a cause
of primary myocardial failure, myocarditis has been introduced defini-
tively in 1996 within the WHO classification of cardiomyopathies with
the name of inflammatory cardiomyopathy [23].

The pathogenetic mechanism of myocardial injury was demon-
strated by Badorff et al. in 1999 to be due to release of protease 2A,
coded by coxsackievirus particles and disrupting the dystrophin cyto-
skeleton complex [24]. Coxsackie and Adeno viruses in 2001 were
found by He et al. to have in common a cardiomyocyte receptor (CAR)
[25]. Unfortunately, viral vaccination against cardiotropic viruses has
not been accomplished so far and viral myocarditis is still a not so
minor cause of death in pediatric age, whether by arrhythmia or cardio-
genic shock.

Animal studies byKawai have contributed to identify three phases of
viral myocarditis [26]. The first phase takes only a few days and it is
characterized by entry of the virus into the myocytes through a specific
receptor, then the virus replication leads to myocyte necrosis, and
exposure of intracellular antigens (e.g., cardiacmyosin), with activation
of the host's innate immune system. The second phase by an immune
shift towards a specific immune response and it takes few weeks to
several months. The third phase involves the resolution of inflamma-
tion, the restoration of tissue homeostasis and the remodeling. Virus
host interaction and genetic background may play a role as well.
Zhang et al. have recently demonstrated that vaccination with CVB3-
like particles elicits humoral immune response and protects mice
against myocarditis [27].

Cardiac magnetic resonance with late enhancement was found as a
revolutionary tool for non-invasive diagnosis of myocarditis, able to de-
tect inflammatory edema and limiting the employment of EMB [28].
However, it is unable to establish a precise etiology, so that EMB with
immunohistochemistry and molecular investigations still represents
the diagnostic gold standard to define the histotype (Fig. 2) and etiology
(viral, immune, allergens) [18]. Unfortunately, EMB has the limit of



Fig. 1. Robert Hooke (1635–1703) invents the microscope in 1665.
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sampling error with low sensitivity [29]. The current role of EMB for the
diagnosis of myocardial diseases and its contribution to patient man-
agement, needs standard protocols and guidelines [30,31]. Use of phar-
macological therapy, whether immunosuppressive or anti-viral, for
acute myocarditis and cardiac failure is still controversial. The results
of a clinical trial of myocarditis with immunosuppressive therapy
were frustrating and did not support routine treatment, since ventricu-
lar function might improve regardless therapy [32].

Fulminant myocarditis, meaning sudden onset of severe non-
ischemic pump failure, was proven in 1992 to frequently resolve
Fig. 2. A. Rheumatic myocarditis with Aschoff body B. Lymphocytic m
spontaneously because of reversible myocardial injury [33]. Ventric-
ular assistance device (ECMO, VAD) may supply temporarily myo-
cardial contractility until spontaneous recovery [34]. If not, cardiac
transplantation may represent a lifesaving therapeutic option, al-
though giant cells immune myocarditis may relapse in the graft
donor heart [35].

Inhibitors of enteroviral protease 2A or soluble CAR receptor [36]
may represent future therapeutical prospectives.

The intramuscular injection of protease inhibitors [36] or soluble
virus CAR [37] attenuates viral infection, myocardial inflammation,
yocarditis. C. Giant cell myocarditis D. Eosinophilic myocarditis.



Fig. 3. Werner Forssmann (1904–1979) enters in his right ventricle with an urological catheter through left radial vein in 1929.
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myocyte necrosis and fibrosis and might be used as potential candi-
dates for a novel therapeutic agent for the treatment of acute viral
myocarditis during the viremic phase.
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