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Myocarditis – a difficult disease

“The inflammation of the heart is difficult to diagnose

and when we have diagnosed it,

can we then treat it better?”

Jean Baptiste de Senac, 1749



What is myocarditis?
• Definition (Circulation, 1995 WHO/ISFC classification; Eur Heart J,

1999; AHA statements 2006, 2016; ESC 2008, Eur Heart J 2013)

– Myocarditis is an inflammatory disease of the myocardium

and is diagnosed by established histological, 

immunological and immunohistochemical criteria

• Histological features (Dallas criteria on EMB)

• Myocarditis forms

– idiopathic, 

– Infectious (mainly viral) and/or autoimmune
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Pathology, University Hospital Tübingen, Tübingen, Germany; 122ndDepartment of Internal Medicine, 1st School of Medicine, Charles University, Prague 2, Czech Republic; 13TheHeart
Hospital, University College, London, UK; 14Department of Cardiology, Odense University Hospital, Odense, Denmark; 15Department of Cardiology (Heart Failure Research Center),
Academic Medical Center, Amsterdam, The Netherlands; 16Department of Cardiology, Clinical Center of Serbia and Belgrade University School of Medicine, Belgrade, Serbia;
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In this position statement of the ESCWorking Group on Myocardial and Pericardial Diseases an expert consensus group reviews the current
knowledge on clinical presentation, diagnosis and treatment of myocarditis, and proposes new diagnostic criteria for clinically suspected myo-
carditis and its distinct biopsy-proven pathogenetic forms. The aims are to bridge the gap between clinical and tissue-based diagnosis, to
improve management and provide a common reference point for future registries and multicentre randomised controlled trials of aetiology-
driven treatment in inflammatory heart muscle disease.
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Introduction
Myocarditis is achallengingdiagnosis due to theheterogeneityof clinical
presentations.1–3 The actual incidence ofmyocarditis is also difficult to
determine as endomyocardial biopsy (EMB), the diagnostic gold stand-
ard,1–3 is used infrequently.2,3 Studies addressing the issue of sudden
cardiac death in young people report a highly variable autopsy

prevalence of myocarditis, ranging from 2 to 42% of cases.4,5 Similarly,
biopsy-provenmyocarditis is reported in 9–16% of adult patients with
unexplained non-ischaemic dilated cardiomyopathy (DCM)6,7 and in
46%ofchildrenwith an identifiedcauseofDCM.8 Inpatientspresenting
with mild symptoms and minimal ventricular dysfunction, myocarditis
often resolves spontaneously without specific treatment.9 However,
in up to 30% of cases, biopsy-proven myocarditis can progress to
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Myocarditis - ESC 2013 Task Force diagnostic criteria: III-CMR
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Clinically suspected Myocarditis – ESC 2013 Task Force 
diagnostic criteria

Caforio A et al., Eur Heart J 2013;34:2636-2648

Clinically suspected Myocarditis in the presence of:

è 1 or more of the clinical presentations

and 

1 or more of the diagnostic criteria from different categories *

è in asymptomatic patients at least 2 diagnostic criteria should be met
*after exclusion of coronary heart disease, cardiac defect/ vitium, congenital cardiac anomaly etc. 
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Myocarditis

Long-Term Follow-Up
of Biopsy-Proven Viral Myocarditis
Predictors of Mortality and Incomplete Recovery

Stefan Grün, MD,* Julia Schumm, MD,* Simon Greulich, MD,* Anja Wagner, MD,†
Steffen Schneider, PHD,‡ Oliver Bruder, MD,‡ Eva-Maria Kispert, RN,* Stephan Hill, MD,*
Peter Ong, MD,* Karin Klingel, MD,§ Reinhardt Kandolf, MD,§ Udo Sechtem, MD,*
Heiko Mahrholdt, MD*

Stuttgart, Essen, and Tübingen, Germany; and Stamford, Connecticut

Objectives This study sought to evaluate the long-term mortality in patients with viral myocarditis, and to establish the
prognostic value of various clinical, functional, and cardiovascular magnetic resonance (CMR) parameters.

Background Long-term mortality of viral myocarditis, as well as potential risk factors for poor clinical outcome, are widely unknown.

Methods A total of 222 consecutive patients with biopsy-proven viral myocarditis and CMR were enrolled. A total of 203
patients were available for clinical follow-up, and 77 patients underwent additional follow-up CMR. The median
follow-up was 4.7 years. Primary endpoints were all-cause mortality and cardiac mortality.

Results We found a relevant long-term mortality in myocarditis patients (19.2% all cause, 15% cardiac, and 9.9% sud-
den cardiac death [SCD]). The presence of late gadolinium enhancement (LGE) yields a hazard ratio of 8.4 for
all-cause mortality and 12.8 for cardiac mortality, independent of clinical symptoms. This is superior to parame-
ters like left ventricular (LV) ejection fraction, LV end-diastolic volume, or New York Heart Association (NYHA)
functional class, yielding hazard ratios between 1.0 and 3.2 for all-cause mortality and between 1.0 and 2.2 for
cardiac mortality. No patient without LGE experienced SCD, even if the LV was enlarged and impaired. When
focusing on the subgroup undergoing follow-up CMR, we found an initial NYHA functional class !I as the best
independent predictor for incomplete recovery (p " 0.03).

Conclusions Among our population with a wide range of clinical symptoms, biopsy-proven viral myocarditis is associated with
a long-term mortality of up to 19.2% in 4.7 years. In addition, the presence of LGE is the best independent pre-
dictor of all-cause mortality and of cardiac mortality. Furthermore, initial presentation with heart failure may be
a good predictor of incomplete long-term recovery. (J Am Coll Cardiol 2012;59:1604–15) © 2012 by the
American College of Cardiology Foundation

Viral myocarditis is a common cardiac disease that is
identified in up to 9% of post-mortem examinations (1,2). It
appears to be a major cause of sudden, unexpected death (3),
and may progress to dilated cardiomyopathy (4,5).

Advanced diagnostic procedures such as cardiovascular
magnetic resonance (CMR) or immunohistologic and mo-

lecular pathologic workup of endomyocardial biopsies pro-
vided new insights into this common, but not well charac-
terized, disease (6,7). However, the clinical management
remains difficult, and the long-term mortality of viral
myocarditis, as well as potential risk factors for poor clinical
outcome, are widely unknown.

Recent publications suggested several parameters that
may be associated with poor outcome (8–10), including
clinical symptoms, type of viruses, left ventricle (LV) size
and LV function, and late gadolinium enhancement (LGE),
which has been identified as a predictor of long-term
mortality in other nonischemic heart diseases (11,12).

Consequently, the primary objective was to evaluate the
long-term mortality in patients with viral myocarditis, as
well as to establish the long-term prognostic value of various
clinical, functional, and CMR parameters in this patient group.
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regard to our data and the results from other groups some
speculations could be made that may influence clinical man-
agement. 1) Myocarditis patients with normal CMR (LVEF
!60% and LVEDV "180 ml and no LGE) seem to have a
good prognosis. Thus, patients with clinically suspected myo-
carditis and normal CMR are also likely to have a good
prognosis, which may give afflicted patients and worrying
physicians some peace of mind. 2) Myocarditis patients with-
out LGE did not experience SCD in our study, even if the LV

was dilated and the LVEF severely impaired. Consequently, if
LGE and not LV function or size is closer to the substrate for
SCD, we may speculate about treating all myocarditis patients
demonstrating LGE with beta-blockers, independent of LV
function and size, to prevent potentially lethal arrhythmias.
This speculation satisfactorily fits to the results of Kindermann
et al. (10), describing the lack of beta-blocker therapy as a
predictor for poor clinical outcome. 3) We found initial heart
failure (NYHA functional class !I) as the best predictor for

Figure 3 Kaplan-Meier Survival Curves for All-Cause, Cardiac, and Sudden Cardiac Death

Kaplan-Meier survival curves with regard to all-cause mortality (A), cardiac mortality (B), and sudden cardiac death (C). The number of patients at risk is shown at the
bottom of the figure. Note that in the group without any scar not a single patient experienced sudden cardiac death during follow-up. CMR " cardiovascular magnetic
resonance; other abbreviation as in Figure 1.
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functional parameters remains difficult despite the value of
LVEF, LVEDV, and NYHA functional class (8,10,17). For
example, in the current study 11 patients in NYHA functional
classes I and II experienced cardiac death, 4 of them SCD
(Table 5). In addition, several patients died despite only mildly
impaired LV function (n ! 5, LVEF !45%) or a normal-
sized LV (n ! 13, LVEDV "180 ml). Other factors, such as
the type of virus detected in the myocardium, suggested to be
of prognostic value in previous studies (8,9) could not yet be
confirmed, despite a trend toward a poorer outcome in patients
with combined PVB19/HHV6 myocarditis, which is in line
with previous findings (9,20).

Our findings fit to the fact that LGE has also been shown
to be a good predictor of adverse events in other nonisch-
emic heart diseases, such as dilated (11) or hypertrophic
cardiomyopathy (12). These results may help to explain why
no patient without LGE experienced SCD (0 of 18)
(Table 2), and only 1 patient without LGE experienced
cardiac death (1 of 29) (Table 2), even when the LVEF was
severely impaired and/or the LV was severely dilated. This
concept is highlighted by Figure 2.

Even with our encouraging data, however, it is important
to keep in mind that there is not a 1-to-1 relationship
between the presence of LGE and cardiac death. Thus, to
further improve possible CMR risk stratification, we also
thought about a possible incremental value of additional

CMR-related parameters, such as the pattern of LGE (9),
scar volume and surface area (12), or decrease of LGE over
time (6). However, we were not able to discriminate their
individual predictive potential due to the limited number of
cases and events available in the present study. This topic
shall be revisited when the data of the European Cardio-
vascular Magnetic Resonance Registry or the Magnetic
Resonance in Myocarditis Registry becomes available.

When focusing on the subgroup of patients who also
underwent follow-up CMR (n ! 77), analysis revealed an
initial NYHA functional class "I as the best independent
predictor for incomplete recovery (p ! 0.03), matching results
from other studies (8,10,17), whereas surprisingly LGE does
not seem to play a relevant role in this setting. This concept is
highlighted by Figure 4. However, one needs to keep in mind
that this subgroup of patients undergoing follow-up CMR
obviously lacks all patients that died during follow-up (n ! 39)
and all patients who received an ICD (n ! 23), causing a
selection bias possibly affecting reliability and resulting in an
underestimation of the role of LGE.
Clinical implications. Although our data demonstrate an
association between LGE and death in myocarditis patients,
prospectively designed international trials are required to
definitively establish LGE as causally related to death risk,
especially because myocarditis populations in other coun-
tries may show lower incidences of PVB19. However, with

Figure 2 LV Function, Presence of LGE, and Sudden Cardiac Death

The top row demonstrates cardiovascular magnetic resonance findings of a 73-year-old male with parvovirus B19 myocarditis (Patient #136). This patient has a dilated,
mildly impaired LV with mostly septal LGE (27% of LV mass, white arrows). He clinically recovered from myocarditis, but experienced sudden cardiac death about 3.5
years after initial presentation, despite only mildly impaired LVEF. The middle row shows cardiovascular magnetic resonance images of a 65-year-old male patient with
combined parvovirus B19/human herpes virus type 6 myocarditis (Patient #121). The LV is enlarged and LVEF is severely impaired, and LGE is present at multiple loca-
tions (white arrows, 21% of LV mass). This patient never completely recovered and experienced cardiac death from heart failure about 2 years after initial presentation.
Cardiovascular magnetic resonance results of a 54-year-old male diagnosed with human herpes virus type 6 myocarditis (Patient #88) can be viewed in the bottom row.
The LV is also dilated and LVEF is severely impaired, but no LGE is present. This patient was still alive at follow-up. Abbreviations as in Figure 1.
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F 
-Accuracy of CMR is low in 
biopsy-proven myocarditis
with CHF/DCM or arrhythmia
presentation

-CMR does not provide
etiological diagnosis and does
not have independent
prognostic value in biopsy
proven myocarditis

Myocarditis - ESC 2013 Task Force diagnostic criteria: III-role of CMR



status needs to be evaluated, such as persistent angina symptoms,
impairment in quality of life, and depression. Intermediate end-
points might be considered in the design of clinical trials, but the se-
lection of such an intermediate endpoint is difficult. These multiple
knowledge gaps in this evolving area of clinical research will no
doubt provide important challenges for the years to come.

Summary
Myocardial infarction with non-obstructive coronary arteries is a het-
erogeneous entity with a prevalence of 1–13% of all patients with a
clinical diagnosis of AMI. There are several potential aetiologies that
should be elucidated by a commonly agreed diagnostic algorithm,
proposed herein. Rational treatment follows from an aetiologic

diagnosis, since therapy that may be appropriate for one cause (e.g.
anticoagulation for thromboembolism or calcium channel blockers
for vasospasm) will not be appropriate for all MINOCA patients. In
MINOCA patients without an obvious aetiology after initial evalu-
ation including echocardiography, we recommend a routine examin-
ation with CMR imaging. Multi-centre clinical trials of diagnostic and
therapeutic strategies are needed. These results will have great im-
pact on both treatment and prognosis of these patients.

Authors’ contributions
All authors handled funding and supervision, acquired the data, con-
ceived and designed the research, drafted the manuscript, and made
critical revision of the manuscript for key intellectual content.

Figure 1 Recommended diagnostic and therapeutic algorithm for myocardial infarction with non-obstructive coronary arteries. * Takotsubo
cardiomyopathy cannot be diagnosed with certainty in the acute phase as the definition requires follow-up imaging to document recovery of left
ventricular function. In the authors’ experience, some patients with apparent takotsubo have unrecognized ischaemic injury or myocarditis. We
therefore recommend CMR when takotsubo cardiomyopathy is suspected. ** Plaque disruption (rupture, or erosion) should be suspected and
intracoronary imaging considered whenever an alternate aetiology of the clinical presentation such as myocarditis or vasospasm has not been
clearly identified, particularly among those patients with evidence of atherosclerosis on the coronary angiogram. Intravascular ultrasound and in-
tracoronary optical coherence tomography frequently show more atherosclerotic plaque than may be appreciated on angiography. They also
increase sensitivity for dissection. If intracoronary imaging is to be performed, it is appropriate to carry out this imaging at the time of the acute
cardiac catheterization, after diagnostic angiography. Patients should be made aware of the additional information the test can provide and the
small increase in risk associated with intracoronary imaging. *** Provocative testing for coronary artery spasm has been safely performed by ex-
perienced clinical researchers in selected patients with a recent acute myocardial infarction.34 However, death cases have been reported (Per
Tornvall Tornberg, personal communication) and this should not be a standard procedure among the patients, particularly in the acute phase.
**** Clinically suspected myocarditis (no angiographic stenosis ≥ 50% plus non-ischaemic pattern on cardiac magnetic resonance imaging) by
ESC Task Force criteria.36 Diagnosis of certainty and aetiological diagnosis of myocarditis requires EMB (histology, immunohistology, infectious
agents by PCR). AMI, acute myocardial infarction; BNP, B-type natriuretic peptide; CRP, C-reactive protein; Hb, hemoglobin; IVUS, intravascular
ultrasound; LGE, late gadolinium enhancement; LV, left ventricle; MRI, magnetic resonance imaging; OCT, optical coherence tomography; SO2,
Oxygen saturation; WBC, white blood cell count.
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MINOCA  (Myocardial Infarction with Non-Obstructive Coronary

Arteries)

Agewall S et al, Eur Heart J 2016Some authors have restricted consideration to patients with an-
giographically normal coronary arteries with the intention of delin-
eating those patients in whom atherosclerosis does not play a role in
the AMI. Unfortunately, this approach is not feasible since intravas-
cular ultrasound studies have frequently demonstrated significant
atherosclerotic burden in patients with ‘normal coronary angiog-
raphy’.14 Furthermore, this ‘non-atherosclerotic AMI’ approach is
limited by (i) the infrequent use of intravascular ultrasound and
other intracoronary atherosclerotic imaging methods in routine
clinical practice, (ii) coronary spasm and thrombosis may occur in
the presence/absence of atherosclerosis, and (iii) coronary athero-
sclerosis may be an ‘innocent bystander’ in non-coronary causes of
an elevated troponin (myocarditis and takotsubo cardiomyopathy).
Coronary CT angiography is used more commonly and may be con-
sidered for detection of atherosclerosis when intracoronary imaging
is not performed during the initial diagnostic angiogram. The finding
of angiographically smooth coronary arteries does not preclude an
aetiologic role of thrombotic disease in MINOCA. Further, non-
obstructive atherosclerosis may pre-date development of condi-
tions not believed to be atherosclerotic in aetiology, such as myo-
carditis and takotsubo cardiomyopathy. Coronary artery spasm
may be the underlying cause of MI in patients with or without ath-
erosclerosis. Therefore, we believe the best approach is to define
MINOCA on the basis of absence of a potentially obstructive sten-
osis on coronary angiography rather than on the presence or ab-
sence of any coronary atherosclerosis. Despite these limitations,
from a future research perspective it is prudent to delineate patients
with mild coronary atheromatosis on angiography from those with
‘normal vessels’ since it may have diagnostic and/or prognostic
implications.

Given the importance of the clinical context in making a diagnosis
of MINOCA and the consideration that it is a ‘working diagnosis’, it
is not appropriate to use this label when a specific clinical diagnosis is
apparent. For example, a young person with a recent viral illness
presenting with positional chest pain, diffuse ST elevation, troponin
elevation, and found to have normal angiography should be diag-
nosed as clinically suspected myocarditis with or without associated
pericarditis according to ESC 2013 Task Force criteria (Table 3)
rather than MINOCA.

Clinical characteristics
Patients with MINOCA are usually younger than those with ob-
structive CAD and have a different sex distribution. While in pa-
tients with obstructive CAD, the incidence of AMI is greater in
young and middle-aged males than females, in MINOCA there is
only a slight male preponderance.15,16 This suggests that the factors
underlying MINOCA are different and that sex and/or hormonal in-
fluences may play a role. Myocardial infarction with non-obstructive
coronary arteries may present with or without ST segment eleva-
tion on the ECG regardless of the underlying aetiology. The likeli-
hood of finding non-obstructive CAD is similar between these
two presentations for women, and lower in NSTEMI than STEMI
among men.15

Clinical assessment
As stated above, MINOCA is a working diagnosis and should lead
the treating physician to investigate underlying causes, analogous
to heart failure. This section outlines suggestions for diagnostic test-
ing in order to identify or exclude potential aetiologies discussed in
‘Differential diagnosis’. Left ventriculography or echocardiography
should be performed in the acute setting to assess wall motion.
This will aid the clinician in determining whether takotsubo cardio-
myopathy is a diagnostic consideration.

Cardiac magnetic resonance imaging is the key diagnostic tool to
be employed in MINOCA patients. Late gadolinium enhancement
(LGE), when present, permits localization of the area of myocardial
damage and provides insight into mechanisms. For example, an area
of LGE in the subendocardium suggests an ischaemic cause of injury,
although it does not identify the particular cause of ischaemia (pla-
que disruption, vasospasm, thromboembolism, or dissection), while
a sub-epicardial localization speaks in favour of cardiomyopathy. In
other patients, a non-ischaemic appearance of LGE may suggest a
diagnosis of myocarditis or an infiltrative disorder. Imaging for myo-
cardial oedema and contractile function may also help localize the
area of injury, though with less mechanistic insight.

Intracoronary imaging at the time of cardiac catheterization with
intravascular ultrasound (IVUS) or optical coherence tomography
(OCT) may be useful to identify atherosclerotic plaque disruption
and plaque erosion as well as coronary dissection or thrombosis,
which may not have been appreciated during angiography. Further
research is needed to understand the potential benefit of routine
application of intracoronary imaging at the time of coronary cath-
eterization in patients with MINOCA. Coronary CT angiography
is another possibility to obtain further information regarding

Table 2 Potential causes of an elevated troponin
adapted from Agewall et al.11

(1) Coronary causes
† Plaque rupture or erosion
† Coronary artery spasm
† Spontaneous coronary dissection
† Acute aortic dissection with coronary extension
† Coronary microvascular disorders
† Spontaneous coronary thrombosis–thrombophilia disorders
† Coronary emboli
† Sympathomimetic agents—cocaine, methamphetamines

(2) Non-coronary causes
(a) Associated with cardiac disorders

† Myocarditis
† Takotsubo cardiomyopathy
† Cardiomyopathies
† Cardiac trauma
† Strenuous exercise
† Tachyarrhythmias
† Cardiotoxins—chemotherapeutic agents

(b) Associated with extra-cardiac disorders
† Stroke
† Pulmonary embolism
† Sepsis
† Adult respiratory distress syndrome
† End-stage renal failure

Myocardial infarction with non-obstructive coronary arteries Page 3 of 11
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Clinically suspected Myocarditis -Role of CMRI in 
directing therapy?

Caforio A et al., Eur Heart J 2013;34:2636-2648

• Management of ventricular dysfunction and of arrhythmia in 
keeping with current ESC guidelines

• ICD implantation should be deferred until resolution of the 
acute episode

• DAPT and anticoagulants stopped in MINOCA presentation
with CMRI with positive Lake-Louise criteria (myocarditis
pattern)

• No use of NSAIDs and colchicine unless associated pericarditis
(pericardial pain, high RCP, pericardial effusion)



Diagnostic criteria and proposed diagnostic approach for clinically suspected myocarditis

normal coronary arteries), the definitive diagnosis of myocarditis
should still be based on EMB (Figure 3).

Endomyocardial biopsy
Endomyocardial biopsy confirms the diagnosis of myocarditis and
identifies the underlying aetiology and the type of inflammation
(e.g. giant cell, eosinophilic myocarditis, sarcoidosis) which imply dif-
ferent treatments and prognosis (Figure 1).1 –3,11,14–16 Importantly,
EMB is also the basis for safe (infection negative) immunosuppression
and antiviral treatment. If EMB is performed byexperienced teams, its
complication rate is low (0–0.8).9,18,139,148

The recent scientific statement on EMB gave highest levels of
recommendations in the life-threatening clinical presentations.120

However, the diagnostic, prognostic, and therapeutic value of EMB
was based on the Dallas histopathologic criteria and did not
include immunohistochemistry and viral genome analysis (Figure 1).
These are established tools which should be used to achieve an aetio-
logical diagnosis.9,14– 16,18,19,22,26,30– 32,100,101,103,133,137,138

To optimize diagnostic accuracy and reduce sampling error in focal
myocarditis, EMB should be performed early in the course of the
disease and multiple specimens should be taken.2 At least three
samples, each 1–2 mm in size, should be taken (from the right or
from the left ventricle) and immediately fixed in 10% buffered formalin
at room temperature for light microscopy; additional samples should
be snap frozen in liquid nitrogen and stored at 2808C or stored in
RNA later tubes at room temperature for viral PCR.2,149 With
respect to left or right heart biopsy, some patients may clinically
present with exclusive left or right heart failure and myocarditis. In
such cases, decision for left or right heart biopsy should be made
according to the additional clinical information. To increase the diag-
nostic sensitivity of immunohistochemistry, use of a large panel of
monoclonal and polyclonal antibodies (including anti-CD3, T lympho-
cytes; anti-CD68, macrophages; and anti HLA-DR) is mandatory for
the identification and characterization of the inflammatory infiltrate

and for the detection of HLA-DR upregulation on EMB tissue sections
as marker of infectious-negative autoimmune myocarditis where im-
munosuppression may be considered.2,14,15 Other immunofluores-
cence stains used to define humoral rejection in heart transplant
EMB, such as C3d and C4d, have been recently reported as promising
markers of immune activation in patients with inflammatory cardiomy-
opathy; a limitationof these stains is that they require frozenmaterial.40

The diagnostic contribution of EMB is enhanced by molecular ana-
lysis with DNA–RNA extraction and RT-PCR amplification of viral
genome.16 In order to exclude systemic infection, peripheral blood
should be investigated in parallel with EMB2,9; quantification of virus
load and determination of virus replication may add diagnostic value.22

Suggested primer sets and PCR protocols are detailed in the sup-
plementary material online, appendix. The main technical require-
ments are as follows:

† RT-PCR detection of viral DNA or RNA in the heart should always
be controlled by amplifying adequate positive samples containing
different viral copy numbers as well as negative controls.2 Sequen-
cing of the amplified viral gene product is mandatory in order to
identify virus subtypes and recognize contaminations.

† Blood samples should be tested by RT-PCR to detect acute sys-
temic virus infection, and to exclude persistently/latently infected
blood cells which might contaminate heart tissue samples but do
not indicate virus infection of the myocardium.2

† The detection of replicative forms of viral nucleic acids in the heart
supports apathogenic roleof virus in myocarditis; however, detec-
tion of viral mRNA by RT-PCR may be difficult to establish in EMB
due to low amounts of viral mRNA especially in longstanding
chronic myocarditis.

Recommendations
11. Tissue obtained from EMB should be analysed using hist-

ology, immunohistochemistry, and viral PCR (on heart
tissue and a blood sample).

12. At least three myocardial samples, each 1–2 mm in size,
should be taken (from the right or from the left ventricle)
and immediately fixed in 10% buffered formalin at room
temperature for light microscopy; additional samples
should be taken, snap frozen in liquid nitrogen, and stored
at 2808C, or stored in RNA later tubes at room tempera-
ture, for viral PCR.2,149

13. Endomyocardial biopsy 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 heart failure.

Clinical management
Outcome and prognosis of myocarditis depends on aetiology, clinical
presentation, and disease stage.3,9 –11 Acute myocarditis resolves in
about 50% of cases in the first 2–4 weeks, but about 25% will
develop persistent cardiac dysfunction and 12–25% may acutely de-
teriorate and either die or progress to end-stage DCM with a need
for heart transplantation.1 –3,6– 9,16,150 Biventricular dysfunction at
presentation has been reported as the main predictor of death or

Figure 3 The flow chart shows the proposed diagnostic ap-
proach for patients with clinically suspected myocarditis according
to Table 4.
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Myocarditis - Prognosis

Acute myocarditis
resolves in about 50%

of the patients in the first 2-4 weeks

25% will develop persistent cardiac dysfunction
and 12– 25% may acutely deteriorate

and either die or progress to end-stage DCM

with a need for heart transplantation
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Univariate predictors of death/ Tx in AM
Alive
n=124

Dead/Tx
n=26

p

NYHA(II,III, or IV)(%) 54 (43) 22 (85) 0.001
Symptom duration (mo) 2 ±5 10 ± 17 0.000

Echo- FE (%) 45 ±14 31 ± 10 0.000
WPM(mmHg) 12 ± 8 17 ± 7 0.03
LVSP (mmHg) 117 ± 20 101 ± 26 0.03
RVEDP(mmHg) 5 ± 4 15 ± 20 0.000
PAD 11 ± 7 15 ± 6 0.01
Angio-LVEF(%) 49 ± 17 28 ± 17 0.001
Clinical RV failure (%) 21(17) 12 (46) 0.001
Clinical LV failure (%) 49 (40) 20 (77) 0.001



Role of EMB in directing etiology-
specific treatment ?



Caforio A et al., Eur Heart J 2013;34:2636-2648

Myocarditis – different entities



Myocarditis - Aetiology
INFECTIOUS IMMUNE-MEDIATED TOXIC 
Bacterial Allergens: e.g. penicillin Drugs: e.g 

catecholamine 
cocaine 

Spirochetal
Fungal Alloantigens: e.g. heart-transplant 

rejection
Heavy metals

Protozoal
Parasitic Physical agents

Rickettsial
Viral: coxsackievirus, cytomegalovirus, dengue virus, 
echovirus, encephalomyocarditis, Epstein–Barr virus, hepatitis 
A, hepatitis C virus, herpes simplex virus, herpes zoster, HIV, 
influenza A  and B, Junin virus, lymphocytic choriomeningitis, 
measles, mumps, parvovirus, poliovirus, rabies, respiratory 
syncytial, rubella, rubeola, vaccinia, varicella–zoster, variola, and 
yellow fever virus

Autoantigens: e.g. myosin in  
giant-cell myocarditis and in virus-
negative myocarditis , myocarditis 
associated to organ and non-organ-
specific autoimmune diseases

Various
Agents, e.g sting
bites

Caforio A et al., Eur Heart J 2013;34:2636-2648



21

Etiological forms of biopsy-proven myocarditis

Caforio et al. Eur Heart J 
2013; 34:2636-48  



Myocarditis - Dallas-Criteria

Aretz et al.: Am J Cardiovasc Pathol 1987;1:3.

Inflammatory infiltate with
Myocyte necrosis

Inflammatory infiltrate
without myocyte necrosis

with/without fibrosis

No inflammatory infiltrate,
No myocyte necrosis

± Fibrosis

Acute Myocarditis Borderline Myocarditis Healed Myocarditis

Only histological investigation of myocardial biopsies according to the Dallas-criteria
is obsolete!





In situ-Hybridisation 

acute infection

Persisting infectionCalabrese et al, cardiacvascular Research 2003; 60: 11-25
Klingel et al, Med Microbiol Immunol 2004; 193: 101-107

AV+
control

EMB
AV-
PCR +

DNA
Marker

negative
control

house-
keeping
gene

Polymerase chain reaction (PCR) 

Myocarditis – Molecular biology
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Because IFN-! cleared the enterovirus infection effectively, we
compared the serum IFN-! levels with the course of the virus
infection in untreated patients. Serum IFN-! levels were signifi-
cantly elevated in patients who cleared the virus spontaneously
(n ! 47), both in comparison with healthy controls (n ! 24) and
with patients having virus persistence (n ! 28) (Fig. 1B).

Enterovirus persistence is associated with a significantly higher
risk of death for those patients compared with patients capable of

inducing spontaneous virus elimination. Both spontaneous IFN-!
production in response to infection and IFN-! administered over
6 months were associated with effective enterovirus clearance and
improved outcome. The lack of spontaneous IFN-! production
was associated with enterovirus persistence. The precise mecha-
nism by which enterovirus infection affects prognosis, whether by
altering myocardial function or by inducing arrhythmias, remains a
matter for speculation (5). Our data suggest that administration of
IFN-! may favor virus clearance and reduce progression of
virus-induced myocardial injury, with improved long-term survival
as seen in patients with spontaneous virus clearance. This finding
suggests that antiviral treatment should be started in time before
irreversible myocardial damage has developed.
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Figure 1 Mortality Rate in EV-Positive Patients
and Serum IFN-! Levels

(A) Mortality rate among patients positive for enterovirus (EV) infection: unad-
justed survival according to virus analysis at follow-up. Spontaneous or drug-
induced enterovirus clearance was associated with a significantly reduced
mortality rate in comparison to patients who had enterovirus persistence
(p ! 0.0005 by the log-rank test). (B) Serum interferon-beta (IFN-!) levels were
significantly elevated in patients who cleared the virus spontaneously. A lack of
IFN-! production with low levels as seen in controls was found in all patients
with persisting infection.
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ESC recommendations for immunomodulation in myocarditis

Caforio et al. Eur Heart J 2013; 34:2636-48  
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Prospective biopsy-proven myocarditis Padua cohort
(1997-2017)

• 314 patients (203 male), median age 37 yrs (I;III qtl 25;50).
• Biopsy-proven isolated or in the context of SIDs

• Dedicated multidisciplinary cardiological and immunological
follow-up, median (I;III qtl) of 38 months (13;90).

• 45 consecutive patients on immunosuppressive treatment:
• Indications:

• virus-negative on EMB
• NYHA II-IV with EF <50%, refractory to standard therapy

with or without arrhythmia, chest pain or troponin release
• normal coronary arteries.

Caforio, Marcolongo et al, In preparation 2018



Standard Indirect immunofluorescence (IFI-S): circulating
organ-specific anti-heart autoantibody (AHA) and anti-

intercalated disk (AIDA) patterns

Positive AHA and AIDA on human myocardium (left) and 
negative human skeletal muscle (x400).

Caforio et al. JACC. 1990. 
Caforio et al. Circulation, 

2007.
Caforio et al. Heart 2010



Alive
(n=236)

Death/Tx
(n=43)

p

Female gender, n (%) 78 (33) 23 (53,5) 0,01
NYHA II to IV at diagnosis, n (%) 109 (46) 31 (73) 0,001

Left heart failure at diagnosis, n (%) 95 (40) 32 (76) 0,000

FE Vsx Eco (%) 42 (30; 55) 27 (23; 40) 0,000

AIDA Positive, n (%) 62 (35) 4 (14) 0,025

AECA positive, n (%) 8 (4,7) 5 (21) 0,01
ANA positive, n (%) 20 (11) 10 (34) 0,003

Univariate predictors of death/transplant in biopsy-proven myocarditis

Caforio, Marcolongo et al, In preparation 2018 



Major Criteria of Autoimmune Disease
Witebsky E, Rose NR

• Mononuclear cell infiltrate and abnormal HLA expression in the 
target organ (organ-specific disease) or in various organs 
(nonorgan-specific disease) in the absence of infectious agents

• Circulating autoantibodies (Abs) and/or autoreactive lymphocytes in 
patients (pts) and family members

• Abs and/or autoreactive lymphocytes within the affected organ
• Identification and isolation of autoantigen(s) (Ags) involved 
• Disease induction in animals after immunization with Ags and/or 

passive transfer of serum, Abs and/or lymphocytes
• Efficacy of immunosuppression/immunomodulation in pts

• Autoimmune disease= fullfillment of 2 or more major criteria



IMMUNOSUPPRESSION:
standard clinical use in:

• graft rejection or graft versus host disease (GVHD)
• systemic autoimmune/autoinflammatory diseases
• allergic/hypersensitivity reactions
• systemic vasculitis
• non-infectious granulomatous diseases
• organ-specific autoimmune diseases:

§ Renal, pulmonary
§ haematological
§ gastrointestinal/hepatic
§ endocrine, eye
§ cutaneous, neurological
§ cardiac
§ others?



CONVENTIONAL IMMUNOSUPPRESSANTS

• corticosteroids
prednisone, methylprednisolone

• antimetabolites
cyclophosphamide
azathioprine
methotrexate
mycophenolate mofetil
leflunomide

• calcineurin inhibitors
cyclosporine, tacrolimus

• mTor inhibitors
sirolimus, everolimus

AZATHIOPRINE:
-from 1 to 2 mg/Kg/day p.o., usually in 
combination with prednisone at the 
beginning
-Good steroid sparing action, safe, 
usually well-tolerated, not expensive

For a safer use it’s worth checking
TPMT (thiopurine methyltransferase)
activity in patients’ peripheral blood
before starting treatment.

The drug takes several
weeks to fully exert

immunosuppressive action!



BIOLOGICAL AGENTS

• High Dose I.V. Immunoglobulins (HDIVIG) 
• Monoclonal antibodies (MoAbs) 

PHYSICAL TOOLS

• Plasma Exchange
• Photopheresis
• Immuneadsorption
• Splenectomy, local irradiation

OTHER IMMUNOSUPPRESSIVE/MODULATORY TOOLS



EVIDENCE IS GROWING THAT  I.S. IS ABLE TO:

ü dismantle the immunological “machinery” that
fosters myocardial inflammation and myocardial
damage/impairment

ü prevent life-threatening arrhythmia

ü prevent relapses and evolution to D.C.M.

I.S. FOR BIOPSY-PROVEN AUTOIMMUNE MYOCARDITIS: 
WHY SHOULD WE TREAT IT?



Myocarditis associated with systemic
autoimmune and immune-mediated diseases





Usefulness of Immunosuppression for Giant Cell Myocarditis
Leslie T. Cooper Jr, MDa,*, Joshua M. Hare, MDb, Henry D. Tazelaar, MDc,

William D. Edwards, MDd, Randall C. Starling, MDe, Mario C. Deng, MDf, Santosh Menon, MDg,
G. Martin Mullen, MDh, Brian Jaski, MDi, Kent R. Bailey, PhDj, Madeleine W. Cunningham, PhDk,

and G. William Dec, MDl, for the Giant Cell Myocarditis Treatment Trial Investigators

Giant cell myocarditis (GCM) is a rare and highly lethal disorder. The only multicenter
case series with treatment data lacked cardiac function assessments and had a retrospective
design. We conducted a prospective, multicenter study of immunosuppression including
cyclosporine and steroids for acute, microscopically-confirmed GCM. From June 1999 to
June 2005 in a standard protocol, 11 subjects received high dose steroids and cyclosporine,
and 9 subjects received muromonab-CD3. In these, 7 of 11 were women, the mean age was
60 ! 15 years, and the mean time from symptom onset to presentation was 27 ! 33 days.
During 1 year of treatment, 1 subject died of respiratory complications on day 178, and 2
subjects received heart transplantations on days 2 and 27, respectively. Serial endomyo-
cardial biopsies revealed that after 4 weeks of treatment the degree of necrosis, cellular
inflammation, and giant cells decreased (p " 0.001). One patient who completed the trial
subsequently died of a fatal GCM recurrence after withdrawal of immunosuppression.
Her case demonstrates for the first time that there is a risk of recurrent, sometimes
fatal, GCM after cessation of immunosuppression. In conclusion, this prospective study
of immunosuppression for GCM confirms retrospective case reports that such therapy
improves long-term survival. Additionally, withdrawal of immunosuppression can be
associated with fatal GCM recurrence. © 2008 Elsevier Inc. All rights reserved. (Am
J Cardiol 2008;102:1535–1539)

Until 1987 all published cases of giant cell myocarditis
(GCM) were diagnosed at autopsy or heart transplantation
after a brief illness.1,2 In 1997 a multicenter international
registry of GCM characterized 63 cases from 36 medical
centers in 9 countries.3 The main findings of this registry
were that median transplant-free survival from symptom
onset is poor at 5.5 months, but that in patients diagnosed by
biopsy, early immunosuppressive treatment that included
cyclosporine extended median transplant-free survival from
3.0 to 12.4 months. The data from the GCM registry did not
include left ventricular function, the effect of immunosup-

pression on cardiac histology, or an assessment of immu-
nosuppressive treatment risks. To fill these gaps in the
knowledge of GCM treatment, a multicenter GCM study
was designed to test the hypothesis that 1 year of treatment
with cyclosporine given in combination with steroids and 10
days of muromonab-CD3 would improve transplant-free
survival in biopsy-proven cases of GCM with !3 months
symptom duration. The rationale for muromonab-CD3 and
cyclosporine-based immunosuppression is founded on the
mechanistic assumption from a Lewis rat model that GCM
is a T-cell-mediated disease.4,5 Recruitment difficulties pre-
cluded patient randomization to a nonimmunosuppression
arm as originally intended, and thus we modified our study
design accordingly. Here we report the response of cardiac
function and histologic findings in a prospective observa-
tional study of 11 subjects with acute GCM.

Methods

The initial design of the study was a multicenter, random-
ized, open-label, 2-arm trial and parallel prospective treat-
ment registry. The active treatment group received 10 days
of muromonab-CD3 and 1 year of cyclosporine and steroids
as described later. The control group received “usual care”
that could include no immunosuppression or steroids and/or
azathioprine at the discretion of the site principal investiga-
tor. A prospective treatment registry was an option for
subjects who declined to be randomized. In the registry,
subjects received the exact treatment and assessments as in
the active treatment arm of the trial without randomization.
After 2 years, 8 subjects enrolled in the registry; no

subject chose to be randomized and risk not receiving im-
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standard ELISA protocol.6 Plates were washed with phos-
phate buffered saline (PBS) tween buffers using a Bio-Tek
Bio-Stack Microplate Washer (Bio-Tek Instruments, Wi-
nooski, Vermont). Plates were developed using antihuman
immunoglobulin G gamma chain specific conjugated with
alkaline phosphatase (Sigma Chemical, St. Louis, Mis-
souri). Optical density of the serum reaction was read in an
Dynex Opsys MR ELISA microplate reader (Dynex Tech-
nologies, Inc., Chantilly, Virginia). Control sera consisted
of healthy subjects with no known cardiac disease. Titers of
the sera were calculated at the last serum dilution read at an
optical density of 0.1. All serum dilutions were tested in
duplicate, and each assay was controlled using a known
positive and negative serum standard.
Adverse events and serious adverse events (SAE) were

recorded, and a data and safety monitoring committee (Ap-
pendix) consisting of a biostatistician and 2 cardiologists
with expertise in myocarditis reviewed all SAE periodically
during the study.

Results

The clinical performance sites and principal investigators
that participated in study enrollment are listed in the Ap-
pendix. Participation is defined as having Institutional Re-
view Board approval for the study and all required contrac-
tual and regulatory documentation necessary for screening
and enrollment. Enrollment refers to subjects with GCM
who signed consent.
A total of 28 subjects signed consent for screening before

endomyocardial biopsy. Of these 28 screened subjects, 8
subjects (29%) had GCM and subsequently consented to be
enrolled in the treatment phase of the study. In addition to
these 8 subjects, 4 subjects were diagnosed without previous
screening consent. These 4 subjects did not sign a screening
consent either because the biopsy was performed at an
institution not participating in the GCM trial or because the
biopsy was performed for reasons other than GCM screen-
ing. These 4 subjects subsequently signed consent to par-
ticipate in the treatment phase of the study.
Of the 12 subjects who signed consent for the treatment

phase of the study, 1 was never treated due to the site
investigator’s decision and is not included in the analysis.

Of the remaining 11 subjects, 7 entered the registry and 4
were randomized; 2 patients were randomized to receive
muromonab-CD3, cyclosporine, and steroids and 2 received
cyclosporine and steroids without muromonab-CD3. Three
subjects had associated disorders: Guillain-Barré syndrome
(1), hypothyroidism (1), and celiac disease and chronic
lymphocytic leukemia (1). The other 9 patients were previ-
ously well. The demographics, treatment assignments, and
outcomes are summarized in Table 1.
The 11 subjects received standard medications and de-

vices used for the management of heart failure and arrhyth-
mias: 9 subjects received ! blockers; 8 subjects received
angiotensin-converting enzyme inhibitors, angiotensin-re-
ceptor blockers, or hydralazine; 7 subjects received digoxin;
and 6 subjects received amiodarone for ventricular tachy-
cardia. The explanation for the less than universal use of
angiotensin-converting enzyme inhibitors and angiotensin-
receptor blockers is that only 7 of the 11 subjects had
ejection fractions of !50%. Only 5 subjects presented with
typical symptoms of acute heart failure, 3 of whom required

Figure 1. Average histologic scores by blinded analysis at baseline and day
30 in subjects enrolled in the GCM Treatment Trial. !p!0.001, †p" 0.43,
‡p " 0.01. LM " lymphocytic myocarditis.

Figure 2. Representative histologic findings of widespread inflammatory
infiltrate including giant cells at baseline (2a) is largely resolved with
some replacement fibrosis after 30 days of therapy (2b). Hematoxylin
and eosin 100#.
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intravenous inotropic support; 6 subjects had implantable
defibrillators placed for ventricular tachycardia. No subjects
required intra-aortic balloon pump counterpulsation or a
ventricular assist device.
All patients received cyclosporine, methylprednisolone,

and subsequently prednisone per protocol; 9 subjects re-
ceived muromonab-CD3 per protocol. The average trough
cyclosporine levels in subjects who were alive without
transplant at 1, 3, 6, and 12 months were 169, 194, 126, and
294 ng/ml, respectively.
In this sick population there were 15 SAE, most of which

were related to the underlying disease and a few of which
were related to the immunosuppressive treatment. SAE pos-
sibly caused by the immunosuppressive treatment included
a case of pulmonary cryptococcus with subsequent respira-
tory arrest, tracheostomy, and death from a mucus plug. Six
subjects developed transient renal insufficiency (creatinine
!1.5 mg/dl) related to cyclosporine use, including 1 asso-
ciated with dehydration which required hospitalization and
discontinuation of cyclosporine with substitution of siroli-
mus after 4 months of treatment. The average creatinine
increased from 1.1 " 0.1 to 1.9 " 0.8 (p # 0.01 by 2-tailed
t test). No subject developed diabetes or had significant
weight gain despite the use of steroids.
Endomyocardial biopsy was performed twice during this

study, at study entry, and 4 weeks after the start of treat-
ment. Between the baseline and 4 week post-treatment sam-
ples, the degree of necrosis, eosinophils, giant cells, and foci of
lymphocytic myocarditis decreased significantly (p # 0.001).
The degree of fibrosis increased, but this change did not reach
statistical significance. The comparison between the baseline
and 4-week histopathology is shown in Figures 1 and 2.
All 10 subjects who were alive without transplant at 4

weeks had both baseline and 4 week assessments of LVEF.
The mean LVEF at baseline was only mildly reduced at
44 " 18% and did not change significantly after 1 month of
treatment (47 " 15%, p # 0.60). The subject-specific ejec-
tion fractions at baseline and after 4 weeks of treatment are
shown in Figure 3.
In the 8 subjects studied, only 1 (subject 10) had a

significant elevation in antibody titers against human car-
diac myosin and the !1 receptor after screening in the
ELISA (Table 2) These data suggest that the presence of
antibodies directed against common cardiac antigens is het-
erogenous in GCM, and that most subjects with GCM have
normal or only mildly increased autoantibody titers. Normal
healthy subjects demonstrated a human cardiac myosin nor-
mal titer range from $100 to 800 and a !1 and !2 titer
range from 400 to 3,200.
Only 1 patient died and 2 required heart transplantation

during 1 year in this prospectively treated cohort. Notably,
the 1 subject who stopped all immunosuppression at the end
of the 1-year study period died of biopsy-proven, recurrent
GCM. This subject’s biopsy after 4 weeks of treatment
demonstrated “resolving minimal lymphocytic myocarditis
with no giant cells”; 8 months after the end of the study, the
subject developed chest pressure, dyspnea, and increased
abdominal girth of 1 week duration and presented with New
York Heart Association class IV heart failure and polymor-
phic ventricular tachycardia. Her right ventricular biopsy
showed 6 of 6 pieces involved with diffuse GCM. This
subject’s death due to GCM after withdrawal of immuno-
suppression demonstrates for the first time that there is a
risk of recurrent, sometimes fatal GCM in the native heart.

Discussion

Several observations in this study add meaningfully to the very
limited knowledge regarding GCM treatment. First, imm-
unosuppressive treatment with the combinations of agents
used in this study resulted in relatively low 1-year mortality.
Further, abrupt withdrawal of immunosuppression can re-
sult in recurrent, fatal GCM. Finally, the rate of adverse
events probably has an acceptable safety profile in this
high-risk population.
We observed a marked improvement in the inflammatory

infiltrate accompanied by an increase in fibrosis after 4 weeks
of treatment. The increase in fibrosis and the relatively mild
cardiac dysfunction at study entry may explain the lack of
significant improvement in LVEF. As is the case with other
forms of myocarditis, subjects in our series with lower ejection
fractions had a greater likelihood of death or transplantation.
The mean age in our sample, 60 years, is older than has

been previously reported in acute GCM. The reason for this
is that the majority of younger patients who had acute GCM
during the period of study enrollment had a fulminant
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Figure 3. Change in ejection fraction for 10 subjects with baseline and
30-day assessments. p # NS.

Table 2
Serum antibody titers in acute giant cell myocarditis

Subject ID Antihuman
Cardiac
Myosin

Anti-!1
Adrenergic
Receptor

Anti-!2
Adrenergic
Receptor

1 1:100 1:400 1:400
2 1:100 1:3,200 1:1,600
3 1:200 1:6,400 1:3,200
4 1:1,600 1:1,600 1:1,600
5 $1:100 1:3,200 1:3,200
8 1:800 1:6,400 1:3,200
10 1:6,400 1:25,600 1:12,800
11 1:100 1:3,200 1:3,200
Positive control 1:6,400 1:25,600 1:25,600
Negative control 1:100 1:800 1:800

1538 The American Journal of Cardiology (www.AJConline.org)



Myocarditis – Arrhythmias

Negative prognosis without immunosuppressive therapy

Heart failure therapy, catecholamines, IABP, LVAD 
(bridge-to-recovery, bridge-to-transplant))

OKT3-AK, Cyclosporin,
Methylprednisolon

Elimination of allergens
Methylprednisolon

Giant cell
myocarditis

eosinophilic myocarditis
with necrosis

Cooper LT et al, Circulation 2007;116:2216-2233
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ü Patients with no evidence of viral genome or 
other infectious agents on e.m.b

ü Before starting I.S., particular attention should be    
payed to:

• latent systemic infection (bacterial, viral, protozoan)
• recent or hidden malignancy
• critical impairment of liver and/or kidney function
• severe immunodeficiency condition
• major psychiatric disorders, alcohol and/or drug abuse
• concomitant pregnancy and lactation

I.S. FOR BIOPSY-PROVEN AUTOIMMUNE MYOCARDITIS:
WHO SHOULD BE TREATED?

R. Marcolongo, Hematology and Clinical Immunology, 
University Hospital, Padua, Italy



European Society of Cardiology
Working Group on
Myocardial & Pericardial Diseases

Newsletter     Issue 34 – April 2011

Caforio et al. Eur Heart J 2013; 34:2636-48  

ESC recommendations for immunosuppression in 
myocarditis





Cardiac catheterisation: normal coronary arteries, severe LV dilation (142 ml/m2) , severe systolic 
dysfunction LVEF (20%), mild-moderate MR, diffuse hypokinesis, normal pulmonary pressures, mildly 

reduced cardiac index (2.49 L/min/m2), EMB (4 pieces, no complications)

Cardiac catheterisation



Acute Phase
(courtesy dr Perazzolo Marra): LGE patterns

11/12/14

Post-contrast T1-Irsequence, 3-chamber long axis view: (A) LGE midwall pattern in infero-
lateral LV basal wall (dark arrow) and in the interventricular septum (empty white arrow), 
confirmed in short axis view (B).

A B



Histology: active lymphocytic 
myocarditis, interstitial oedema, 
plurifocal lymphomonocytic
infiltrates. Increased myocyte
dimensions,dysmetric
nuclei,perinuclear halos, and 
cytoplasmic vacuolisation. 
ImmunoHx: focal 
CD45+,CD43+,CD3pos, 
(>7/mm2), CD68+ associated 
with myocyte necrosis. 
Conclusion: chronic active 
virus-negative 
lymphomonocytic myocarditis, 
evolving into DCM.

Negative PCR, NT PCR for 
cardiotropic viruses: 
adenov, HSV, EBV,HHV6; PVB19; 
CMV;influenza A, B; EV.

AHA positive

Courtesy, Prof. C Basso, and Prof. G Thiene Cardiac 
Pathology,Dept of cardiological thoracic &vascular sciences, 
University of Padova



Before immunosuppression After immunosuppression



Echocardiographic biventricular function pre and post-
immunosuppression (median 2 yrs)

Pre-therapy Post-
therapy

p

Biplane echocardiographic LVEF 
(%)

37 (26; 50) 59 (48; 65) 0,000

FAC (%) 35 (28; 48) 50 (44; 
59,5)

0,001

Caforio, Marcolongo et al, In preparation 2018 



Recommendation 7:
• In familial and non-familial pedigrees with biopsy proven 

inflammatory DCM in the index case, cardiac-specific 
autoantibody (AHA) test at baseline and at follow-up 
should be considered in symptom-free relatives with or 
without  cardiac abnormalities (e.g. ECG, 
echocardiography, CMR).

• Non-invasive cardiac screening with echocardiography 
and ECG may be more frequent in relatives with cardiac 
autoantibodies.

• Immunomodulatory and/or immunosuppressive therapy 
in biopsy-proven non-infectious inflammatory DCM 
should be considered 

• Physical activity should be restricted in DCM with 
underlying biopsy-proven active phase of myocarditis.



Caforio et al 
Circulation 2007 





Clin Res Cardiol. 2016 Jun 
16. [Epub ahead of print]



KEY POINTS FOR A SAFE IMMUNOSUPPRESSION 
IN AUTOIMMUNE MYOCARDITIS

1. Endomyocardial biopsy

2. Careful selections of candidates to therapy

3. Close interprofessional teamwork

4. Active engagement of patients and their carers
by THERAPEUTIC EDUCATION to self-

management

(WHO working group on Therapeutic Patient Education, Copenhagen, 1998)

Courtesy Dr. R. Marcolongo, Hematology and Clinical
Immunology, University Hospital, Padua, Italy



Summary: Myocarditis and heart failure-the 2018 diagnostic
and therapeutic approach

• Diagnose viral myocarditis to avoid potentially harmful
immunosuppression. 

• Virus-specific anti-viral therapy (though off-label and expensive) for 
selected cases with virus persistence and symptomatic heart failure
refractory to standard therapy (indication class IIb) . 

• Immunosuppression mandatory (indication class I) for:
Idiopathic (e.g. virus-negative) Giant-cell myocarditis
Idiopathic eosinophilic myocarditis
Virus-negative myocarditis associated with other organ specific or 

non organ-specific autoimmune diseases
• Immunosuppression may be considered (indication class IIa, TIMIC 

trial)  in experienced centers for:
Virus negative myocarditis with persistent heart failure/arrhythmia
symptoms and ventricular dysfunction refractory to standard 
therapy



Conclusions
• Myocarditis may be suspected by noninvasive cardiac

imaging, but diagnosis of certainty and etiological diagnosis
is based upon EMB

• Transition from autoimmune myocarditis with mild
dysfunction or preserved pump function to DCM may take a 
long latency period

• Left and right ventricular dysfunction at diagnosis and 
autoimmune pathogenesis are associated with negative 
prognosis in biopsy-proven noninfectious myocarditis and 
may identify patients who are candidates to 
immunosuppression/immunomodulation.

• Standard immunosoppression is associated with improved
biventricular function in proven autoimmune myocarditis.



Myocarditis – a difficult disease
“The inflammation of the heart is difficult to diagnose ...YES, but 

diagnosis of certainty and etiological diagnosis is

possible in 2018!!
and when we have diagnosed it,

can we then treat it better?”     YES

Jean Baptiste de Senac, 1749
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“There are three phases to 
treatment: diagnosis, diagnosis

and diagnosis.”

William Osler. Principles and 
Practice of Medicine, 1892

Take-home message: Biopsy-proven diagnosis and biopsy-
guided therapy in  myocarditis? As soon as possible….Time is 
muscle, fire is dangerous, we cannot heal a burned-out heart


