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Introduction
Cardiomyopathy is a heart muscle disease with structural and functional myocardial 

abnormalities in the absence of coronary artery disease, hypertension, valvular disease, 
and congenital heart disease. However, it has become clear that diverse etiologies 
and clinical manifestations (e.g. arrhythmogenic right-ventricular cardiomyopathy/
dysplasia (ARVC/D), ARVD/C, left-ventricular non-compaction cardiomyopathy 
(LVNC)) are responsible for the clinical picture of dilated cardiomyopathy (DCM).

The American Heart Association (AHA) classiϐication grouped cardiomyopathies 
into genetic, mixed and acquired forms, while the European Society of Cardiology 
(ESC) classiϐication proposed the subgrouping of each major type of cardiomyopathy 
into familial or genetic, and nonfamilial or nongenetic, forms [1-4]. 

Cardiomyopathies are clinically heterogeneous diseases, and there are differences 
in sex, age of onset, rate of progression, risk of development of overt heart failure and 
likelihood of sudden death within each cardiomyopathy subtype [5]. 

Because of the complex etiology and clinical presentation, the diagnostic spectrum 
in cardiomyopathies spans the entire range of non-invasive and invasive cardiologi-
cal examination techniques including genetic analysis. The exact veriϐication of certain 
cardiomyopathies necessitates additional investigations. So, histological, immunohis-
tological and molecular biological/virological investigations of endomyocardial biop-
sies are the gold standard to conϐirm the diagnosis of an inϐlammatory cardiomyopathy 
(DCMi) [6-10]. 

This review focuses on myocarditis and inϐlammatory cardiomyopathies underlying 
an immune-mediated process or persistent viral infection. 

The causes

Infectious agents are the major causes of myocarditis and DCMi in diseases of heart 
muscle Inϐlammation, triggered by both innate and adaptive arms of the immune 
response which is primarily required to protect and clear the host of pathogenic 
infections [11]. The majority of cases of myocarditis and DCMi are subclinical, wherein 
the pathogen and inϐlammation are cleared and the afϐlicted individual dismisses 
their illness as a case of the ϐlu without any further medical attention. However, what 
may begin as a productive immune response may deteriorate into chronic immune 
destruction of the heart muscle, leading to DCMi. 
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Several other etiologies of myocarditis and DCMi have also been implicated, includ-
ing drugs and chemicals, parasites (e.g. in Chagas disease), bacteria or autoimmune 
phenomena [12-17] (Table 1).

Table 1: Etiology of myocarditis and infl ammatory cardiomyopathy
Infectious

Virus
 Adenoviruses

 Enteroviruses (Coxsackie A/B, echovirus,   Poliovirus)
 Cytomegalovirus
 Erythroviruses
 Herpesviruses
 Infl uenza A/B

 HIV
 Hepatitis virus C
 Varicella zoster
 Arboviruses

 Mixed infections
Bacteria

 Mycobacteria
 Chlamydia
 Streptococci
 Mycoplasma
 Legionella spp.
 Salmonella spp.
 Rickettsia spp.
 Corynebacteria
 Borrelia spp.

Fungi
 Aspergillus
 Candida

 Cryptococus
 Histoplasmodium spp.

Parasites and protozoa
 Schistosomiasis
 Larva migrans

 Trypanosoma cruzi
 Toxoplasma gondii

 Trichinosis/trichinellosis
 Echinococci

Noninfectious
Autoimmune

Post-infectious
Infl uenza vaccination

Systemic lupus erythematosus
Sarcoidosis

Sjögren syndrome
Churg-Strauss syndrome
Wegener granulomatosis

Takayasu arteritis
Infl ammatory bowel disorders

Giant cell myocarditis

Toxins
Anthracyclines

Catecholamines
Cytokines
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Clinical Presentation

Myocarditis and DCMi are challenging to diagnosis due to the heterogeneity of their 
clinical presentations [18,19]. The clinical presentation of myocarditis and DCMi rang-
es broadly from subclinical disease with asymptomatic left ventricular dysfunction, 
chest pain, palpitations and syncopes to fulminant heart failure (79). Myocarditis can 
manifest like a myocardial infarction, with sudden-onset angina pectoris, arrhythmias 
and/or heart failure developing within days. Most patients with myocarditis initially 
have such non-speciϐic symptoms, and these are often categorized in the context of the 
preceding infection and not as being of cardiac origin. Cardiac involvement is often 
considered as the differential diagnosis only when cardiac symptoms, such as palpi-
tations, angina, exertional dyspnea or heart rhythm disturbances, persist for a long 
period after the underlying infection has resolved, or if they develop de novo in the 
course of the recovery. 

The natural history of myocarditis is unpredictable. Patients with acute myocarditis 
who present with heart failure and mild LV systolic dysfunction normally recover 
within weeks or months. However, of patients who present with signiϐicant LV 
dysfunction, only 50% will experience complete resolution; of the remaining patients, 
25% will progress towards chronic systolic dysfunction, while the rest will progress 
towards end-stage cardiomyopathy resulting in trans plantation or death [20].

Taken together, the diagnosis of myocarditis and DCMi is challenging. Therefore, 
the current expert consensus statement of the ESC maintains that endomyocardial 
biopsies (EMBs) remains the gold standard for deϐinitive diagnosis of suspected 
myocarditis and DCMi [6,8,9]. Consequently, it is essential that in addition to histology, 
samples must be analyzed by immunohistology and molecular biology to determine 
the etiology of the disease as a basis for an etiology-speciϐic treatment. In this context, 
it is important to recognize that dilated cardiomyopathy (DCM) is the most serious 
outcome of myocarditis. Retrospective studies have shown that 30–70% of DCM cases 
have suffered from previous viral myocarditis. 

In addition, it is important to realize that idiopathic cardiomyopathy is more fre-
quently seen in younger patients (< 40 years) than elderly patients (63% vs. 7%) [20].

The diagnosis

Principally non-invasive techniques are useful and necessary to suspect the to 
diagnose of acute or chronic myocarditis. However, EMB is be the gold standard for 
the deϐinitive diagnosis of myocarditis and DCMi in the acute and chronic stage of the 
disease [6]. 

Electrocardiogram

All patients with suspected myocarditis should receive a 12-lead electrocardiogram. 
Electrocardiographic ϐindings in myocarditis patients include T-wave and ST-segment 
changes, including ST-segment elevation mimicking acute myocardial infarction or 
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conduction. However, these changes are neither sensitive nor speciϐic for the diagnosis 
of myocarditis and DCMi and can also be found in other severe clinical settings.

Imaging techniques

Echocardiography remains the key method for analyzing ventricular function in 
suspected myocarditis and helps to rule out other entities as well. Thus, all patients 
with suspected myocarditis or DCMi should undergo echocardiographic studies at 
presentation and during follow-up. 

Regarding patients with preserved left ventricular ejection fraction (LVEF), speckle 
tracking is a promising tool. In patients with biopsy-proven myocardial inϐlammation, 
global longitudinal strain rate and global longitudinal strain are signiϐicantly 
impaired compared with patients without inϐlammation, regardless of conventional 
echocardiographic parameters. Therefore, this technique has a higher sensitivity in the 
detection of mild myocardial damage in patients with preserved LVEF [21,82].

Cardiac magnetic resonance (CMR) can help to conϐirm the suspicious diagnosis 
of acute myocarditis. The combined use of three different CMR techniques are 
recommended, and ϐindings are compatible with myocardial inϐlammation if at least 
two Lake Louise criteria are met. The Lake Louise criteria include hyperemia, edema, 
and necrosis. When at least two criteria are met, a sensitivity of 76% and speciϐicity 
of 96% have been reported in patients with clinically suspected acute myocarditis 
and pseudo-infarction presentation. However, they do not provide any information 
on the type of infectious pathogen or inϐlammation, nor whether the infectious 
strain has been completely eliminated or the inϐlammation has subsided. Moreover, 
obtaining a biopsy from the region of late gadolinium enhancement of the CMR has 
not been shown to increase the yield of diagnosis [22] and, in chronic myocarditis, the 
diagnostic performance of CMR has been found to be signiϐicantly worse (sensitivity, 
63%; speciϐicity, 40%) [23]. Therefore, CMR is not appropriate for making a deϐinitive 
diagnosis nor for guiding clinical management in chronic myocarditis/DCMi.

In sum, CMR is a promising technology. However, the sensitivity for the diagnosis 
of myocarditis, especially in the chronic phase of the disease, is scarce. Furthermore, 
detailed information regarding the mechanisms and etiology of intramyocardial 
inϐlammation and/or viral persistence cannot be generated by CMR. Therefore, the 
diagnostic relevance of CMR in DCMi is signiϐicantly limited [80].

Biomarkers

The usefulness of viral serologies is limited, especially in chronic myocarditis or 
inϐlammatory cardiomyopathy, as IgG antibodies for cardiotropic viruses can be 
found in the blood stream of the general population without accompanying cardiac 
involvement.

Many distinct cardiac autoantibodies e.g. against α-myosin, ß-myosin heavy 
chain, ß adrenergic receptor, and cardiac troponin have been identiϐied. Although in 
mouse models immunization with these antigens can induce myocarditis and show 
by progression of myocardial ϐibrosis remodeling that leads to DCM, the clinical 
signiϐicance regarding pathophysiological mechanisms are still not proven [12,18,81]. 

Endomyocardial biopsy

Endomyocardial biopsy remains the gold standard for the diagnosis of myocarditis 
and DCMi. Endomyocardial biopsy is the only diagnostic tool for establishing etiological 
diagnosis (viral or immune-mediated) in myocarditis and DCMi [24]. Therefore, this 
implies that all patients with suspected myocarditis should undergo an EMB, according 
to the position statement of the ESC [6]. Current guidelines of the AHA recommend 
EMB only in a limited number of clinical scenarios, which do not include some common 
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presentations of myocarditis – in particular, pseudo-infarction [25]. However, the ESC 
working group on myocardial and pericardial diseases recommend in their statement 
position paper that in all patients fulϐilling the diagnostic criteria for clinically 
suspected myocarditis, selective coronary angiography and EMB should be performed 
[6]. Endomyocardial biopsy can conϐirm the diagnosis of acute and chronic myocarditis 
and identify the underlying etiology – virus and/or the type of inϐlammation – which 
imply different treatments and prognoses. An incomplete diagnosis may provide an 
incomplete picture of the disease and thus lead to misinterpretations and possibly 
incorrect treatment decisions that might be deleterious for the patient. 

Regarding the standardized diagnostic criteria, histopathology and immunohisto-
pathology methods are the current gold standard by which the diagnosis of myocarditis 
and DCMi is made [26-29]. Furthermore, the evaluation of EMBs for viral persistence 
is essential, as the prospective evaluation of patients showed that mortality and pro-
gression to end-stage DCMi was signiϐicantly increased in those patients with residual 
viral genomes in the myocardium. Furthermore, it was shown that the persistence of 
viral genomes in repeated EMBs was associated with progressive LV dysfunction [30]. 

Endomyocardial biopsy can be performed with a very low major complication rate 
when performed by experienced operators. In experienced hands, left ventricular 
biopsy is as safe as right ventricular biopsy [31].

A basic prerequisite for a clinically relevant biopsy diagnostic is the removal of a 
sufϐicient number of biopsies (6 to 8) and high-quality tissue samples from different 
areas of the myocardium. If the sample predominantly contains thrombus, fat or 
connective tissue, additional samples must be collected. Apart from speciϐic conditions 
such as arrhythmogenic right-ventricular dysplasia, in which the characteristic tissue 
changes mainly occur in certain myocardium areas of the right ventricle, the tissue 
diagnostic has a similar sensitivity for left or right ventricular biopsy [32]. 

Histological analysis 

The histological examination of parafϐin sections by different staining protocols 
(HE, EvG, PAS, Azan) is used to detect myocardial cell death, scars, ϐibrosis, disarrays, 
cardiomyocyte changes, pathological vascular conditions, granulomas and inϐlammatory 
cell differentiation. Storage disorders such as amyloidosis, iron deposits, glycogen and 
others can be excluded or speciϐied by additional staining (e.g., immunohistochemical 
differentiation of amyloid subtypes and optional electron microscopic analysis) [26]. 
The EMB diagnosis of myocarditis is based on histomorphological criteria according 
to the Dallas classiϐication [33]. Active myocarditis is deϐined by the simultaneous 
detection of inϐlammatory inϐiltrates and the presence of myocytolysis. Borderline 
myocarditis is used when the inϐiltrates are present without myocytolysis (Figure 1).

Immunohistochemical examination on intramyocardial infl ammation 

Whereas the light microscopy-based Dallas criteria are limited by high interob-
server variability in interpreting biopsy specimens, the use of immunohistochemis-
try markedly increased the number of EMB-revealing diagnoses of myocarditis and 
DCMi. According to the ESC deϐinition, myocarditis is present with immunohistological 
detection of the following abnormal inϐlammatory inϐiltrates: ≥ 14 leucocytes/mm², 
including up to 4 monocytes/mm² with the presence of CD3-positive T-lymphocytes ≥ 
7 cells/mm². Currently, however, the use of different monoclonal antibodies allows for 
the exact characterization and localization of the cell inϐiltrates and cell adhesion mol-
ecules, both of which are relevant for the prognosis (e.g., CD3, CD11a (LFA-1), CD11b 
(MAC-1)/M2, CD45R0 (memory or activated lymphocytes) and perforin-positive cy-
totoxic lymphocytes) and increased expression of adhesion molecules CD54 (ICAM), 
CD106 (VCAM) and HLA-1/HLA-DR as markers for tissue activation (Figures 2,3). 
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Differential diagnosis :

- active / fulminant acute myocarditis (differential diagnoses)
- giant cell / eosinophilic MC / sarcoidosis
- autoimmunological MC  
- viral MC

- myocarditis in the past (healing / healed)
- inflammatory cardiomyopathy

- with / without inflammation
- with / without viral persistence
- with both

- dilated cardiomyopathy
- post infection
- genetic

Clinically suspected Acute / Chronic Myocardi s / 
In ammatory Cardiomyopathy / Dilated cardioymyopathy

Figure 1: Clinically suspected Acute / Chronic Myocarditis / Infl ammatory Cardiomyopathy / Dilated cardioymyopathy.

High sensitivity and specificity in the unequivocal detection of 
intramyocardial inflammation

Quantification of infiltrates

Differentiation of the infiltrates

– Phenotypic characterization

– Determination of the activation status.

Reduced „sampling error“ due to the homogeneous expression 
pattern of endothelial adhesion molecules
(HLA I/DR, ICAM-1, VCAM, CD29)

Differentiation of the immune response – cytocine pattern (Th1 /Th2)

Advantages of Immunohistology

Figure 2: Advantages of Immunohistology.
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Figure 3: Representative Images.
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Molecular virology for the detection of myocardial infections 

For decades, coxsackieviruses – and, to a lesser extent, adenoviruses – have been 
well established in pediatric and adult myocarditis and chronic heart muscle disease. 
Furthermore, distinct genotypes of erythroviruses, including erythroparvovirus 
B19, human herpesvirus type 6 (HHV6A/B), human immune deϐiciency virus (HIV), 
cytomegalovirus (CMV), herpes simplex type 2 virus and hepatitis C virus, have been 
identiϐied with varying degrees of frequency in cardiac tissues [34-36]. 

Microbial genomes are determined, quantiϐied and sequenced using PCR-based 
methods. The current viral load monitoring for an effective treatment is performed 
by quantitative PCR. The transcriptional activity of a virus in myocardial tissue or 
peripheral blood cells is routinely determined by nested-RT-PCR and QPCR for the 
two most frequent cardiotropic viruses: erythroparvovirus and HHV-6. Patients with 
active erythroparvoviral infections reported a higher frequency of chest pain and 
reduced systolic left ventricular ejection fraction, accompanied by a left ventricular 
end-diastolic diameter increase [37]. 

Gene profi le analysis

Idiopathic giant cell myocarditis (GCM), cardiac sarcoidosis (CS) and eosinophilic 
myocarditis are rare disorders that cause cardiomyopathy [38-40]. Both GCM and CS 
are generally rapidly progressive, despite treatment with standard heart failure and 
arrhythmia therapies. Making the diagnosis of GCM or CS by means of myocardial 
tissue is required. However, the main problem is the sampling error. Furthermore, for 
pathologists, discriminating between idiopathic GCM and CS is difϐicult. In a previous 
study, Lassner et al., identiϐied distinct differential proϐiles that allowed for a clear 
discrimination between tissues harbouring giant cells and those with acute myocarditis 
or inϐlammation-free controls [41]. Therefore, myocardial gene expression proϐiling 
is a reliable method for predicting the presence of multinuclear giant cells in the 
myocardium – even without direct histological proof – in single, small EMB sections, 
and thus reduces the risk of sampling errors (Figure 4).

Gene pro ling
as a new diagnos c approach

endomyocardial biopsy

suspected acute myocarditis

acute MC

gene profile

giant 
cell 
MC

eosino-
phile
MC

sarcoi-
dosis

auto-
immune

MC

specific 
immunosuppressive 

therapy

histological biopsy
analysis

aetiological diffrentiation

Figure 4: Gene profi ling as a new diagnostic approach.



Cardiomyopathies - The special entity of myocarditis and infl ammatory cardiomyopathy

Published: July 01, 2019 60/70

Prognosis

Prognosis of myocarditis and DCMi depends on etiology, clinical presentation and 
disease stage. Myocarditis and DCMi patients can have partial or full clinical recovery; 
some may relapse many years after the ϐirst episode [42,43]. The clinical presentation 
of acute myocarditis ranges broadly from subclinical disease to fulminant heart failure. 

Viral infection: The persistence of viral infection of Entero/and Adenovirus 
in the myocardium has been associated with ventricular dysfunction, while viral 
genome clearance has been associated with improvement of ventricular function 
and a better 10-year prognosis. Since different viruses and viral subtypes respond 
differently to antiviral medications and are in some cases not completely eliminated, 
this information is important for making a tailored decision regarding treatment and 
the success thereof [44]. 

The clinical impact of vasculotropic erythroparvovirus B19 in the heart is still under 
discussion [45-47]. Erythroparvovirus B19 can hibernate in endothelial precursor 
cells after primary infection. After this, the virus infects the cardiac endothelium. The 
virus exerts its pathogenic effects by transcriptional activity, the activation of the 
immune system and the induction of apoptosis, which leads to endothelial dysfunction. 
This compromises tissue perfusion, causing chronic ischemia and diastolic/systolic 
dysfunction. This process is also marked by upregulation of adhesion molecules which 
home T-lymphocytes to the myocardium [48-51,86]. Thus, although erythroparvovirus 
B19 does not directly infect cardiomyocytes like coxsackievirus or adenovirus, the 
downstream effects of endothelial cell infection can induce LV dysfunction. 

Human herpesvirus 6A and 6B (HHV-6A/B) are possible pathogenetic causes 
of myocarditis and idiopathic-cardiomyopathy subsets [52]. The prevalence of 
chromosomally integrated HHV-6 (ciHHV-6) is approximately 0.8% of HHV-6-positive 
endomyocardial biopsies. Identifying individuals with ciHHV-6 is important because 
the complete HHV-6 genome is present in every cell of their bodies [53,54] and a 
permanent reactivation of this virus in all tissues is assumed to occur. Detection of 
ciHHV-6 is only possible by QPCR. Persistently high viral loads of HHV-6 genomes 
in blood cells or tissues conϐirm the presence of ciHHV-6. The elimination of the 
chromosomally integrated virus is currently impossible but the transcriptional activity 
of ciHHV-6 can be reduced under treatment with an antiviral drug. Monitoring of the 
viral RNA load is the best indicator for an effective therapy or for the reactivation of 
ciHHV-6.

Intramyocardial In lammation: In a previous study, immunohistological evidence 
of inϐlammation was identiϐied as an independent predictor of survival. Moreover, the 
exact characterization and quantiϐication of intramyocardial inϐiltration is relevant 
for the prognosis. Histology on parafϐin sections and parallel immunohistochemical 
analyses on cryosections by a set of 6–8 speciϐic antibody-staining inϐlammatory cells 
and adhesion molecules for subsequent digital imaging analysis allow for the charac-
terisation of acute and chronic myocarditis without relevant sampling error. Highly 
prognostic parameters (CD3, perforin, CD45R0) are included which can predict the 
long-term outcome of patients at the time of their initial biopsies. Recently, we demon-
strated that the presence of cytotoxic perforin-positive myocardium-inϐiltrating cells 
could predict an adverse LVEF course over a long follow-up period in a large cohort 
of 495 DCMi patients. This was the ϐirst report to elucidate the prognostic impact of 
perforin-positive cells for the outcome of DCMi patients and indicates that the exact 
characterization and quantiϐication of intramyocardial inϐiltrates has clinical value for 
the assessment of long-term LVEF prognosis in DCMi [55]. These data should be help-
ful for cardiologists starting immunosuppressive therapy earlier in high-risk patients.

Fibrosis: Fibrosis is a fundamental process observes in non-ischemic cardiomy-
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opathies. This mostly perivascular and interstitial reactive ϐibrosis is mainly caused 
by persistent and local inϐlammation and cardiomyocyte death which induced the 
conversion of ϐibroblasts into myoϐibroblasts. Several other players are also involved 
like interleukins (e.g. IL 17/23) and Transforming growth factor (TGF) ß stimulating 
several other growths factors (56-62). Furthermore, alterations of the myocardial ex-
tracellular matrix by matrix metalloproteinases (MMPs) and tissue inhibitors of matrix 
metalloproteinases (TIMPs) are observed. 

The extent of myocardial ϐibrosis has prognostic implications as it is responsible 
for contractile dysfunction and arrhythmias and it is a major cause of heart failure 
progression [63]. 

Gene mutations in cardiomyopathies 

Current guidelines recommend genetic screening (evidence level A) for ARVD/C, 
hypertrophic cardiomyopathy (HCM), LVNC and DCM [64,65]. Next generation 
sequencing (NGS) technologies has made a new era in human genetics and will enable 
more labs to perform genetic testing. However, for the interpretation of genetic data 
great experience is needed as distinction between pathogenetic and non-pathogenetic 
genes remains a difϐicult and unresolved issue. 

Molecular diagnostics and genetic testing are helpful and necessary for therapeutic 
and preventive decisions. In particular, they allow for early detection of disease 
development and better family counselling. One actual aspect is the deciphering of 
the interrelationship of genetic pathways with other non-genetic disease mechanisms, 
including immunological or infectious etiologies [7,64]. 

Treatment options

The mainstay of treatment for DCM/DCMi is an optimal heart failure medical 
regimen. The main aim is to reduce symptoms of heart failure and to improve cardiac 
function. In this context several pharmacological options and devices are available, 
summarized in the ESC guidelines for treatment of heart failure with reduced 
ejection fraction [83]. If the patient does not recover, then cardiac transplantation or 
implantation of long-term mechanical assist is the last option.

In the case of myocarditis and DCMi, there are speciϐic, etiology-driven therapeutic 
options (Table 2). Endomyocardial biopsies serve as the basis for these speciϐic and 
causal medical therapy [66,67]. 

Antiviral treatment

Interferon-beta: Interferons serve as a natural defense against many viral infec-
tions. Their innate production is associated with clinical recovery from viral infection 
and subsequent sequelae, while exogenous administration is protective. Clinical and 
experimental data have shown that TLR3 signaling is essential for the prognosis. In-
dividuals harboring TLR3 variants have abundant innate immune response to entero-
viral infection, leading to reduced viral clearance and an increased risk of cardiac pa-
thology in this context. Type I interferons therefore constitute a promising choice for 
treatment of chronic viral cardiomyopathy [84,85]. 

Enterovirus and adenovirus infections respond well to interferon beta (IFN-ß) 
[68]. In a non-randomized study, it was shown that the administration of IFN-ß favors 
viral clearance and reduces the progression of virus-induced myocardial injury with 
improved long-term survival. The treatment scheme in chronic viral cardiomyopathy 
closely follows the progress gained in multiple sclerosis. An initial dose of 2 × 106 
IU IFN-ß is administered subcutaneously every other day and increased at weekly 
intervals, ϐirst to 4 × 106 IU and then to 6–8 × 106 IU; this is continued for 24 weeks. 
The symptomatic treatment for heart failure is maintained.
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In a Phase 2 study – betaferon in a chronic viral cardiomyopathy (BICC) trial – 
143 patients with symptoms of heart failure and biopsy-based conϐirmation of the 
enterovirus, adenovirus, and/or erythroparvovirus B19 genomes in their myocardial 
tissue were randomly assigned to double-blind treatment, and received either 
a placebo (n = 48) or 4 x 106 (n = 49) and 8 x 106 IU (n = 46) IFN-ß for 24 weeks, 
in addition to standard heart failure treatment. Patients with active myocarditis or 
other speciϐic causes of heart failure were excluded. Compared to the placebo, virus 
elimination and/or virus load reduction was higher in the IFN-ß groups (odds ratio 
2.33, p = 0.048), similarly to both interferon groups and both strata. IFN-ß treatment 
was associated with favorable effects on NYHA functional class (p = 0.013 at follow-up 
Week 12), improvement in quality of life (Minnesota Heart Failure score; p = 0.032 at 
follow-up Week 24), and patient global assessment (follow-up Week 12 to follow-up 
Week 24; p = 0.039). The frequency of adverse cardiac events was not higher in the 
IFN-ß groups compared to the placebo group [69] (Figure 5).

Other successful reports for the treatment of viral myocarditis include ganciclovir 
in the case of cytomegalovirus and chromosomally integrated HHV-6 virus, and anti-
hepatitis C (HCV) combination therapy in HCV-positive patients [70]. 

Erythroparvovirus B19 monoinfection is found in about 42%, and with replicative 
intermediates in about 25% of endomyocardial biopsies [87]. Experimental studies 
showed that a thymidine analogue Telbivudine reduced erythoparvovirus-induced 
apoptosis of circulating angiogenetic cells thus protecting susceptible cells from cell 
death [71]. An actual analyzed treatment trial in patients treated with Telbivudine 
indicates that treatment suppresses viral replicative intermediates, improves 
clinical outcome and reduces myocardial inϐlammation (unpublished data). A clinical 
prospective-randomized study has to be scheduled to evaluate the results. 

Table 2: Therapeutic regimes. 
Giant cell myocarditis

 Antithymoglobulin
  275 mg in 500 mL 0.9% saline solution for 12 h/24 h

  Days 1 to 5
  Under cardiac monitoring

 Ciclosporine
  Start dose 200 mg/24 h (100 mg/12 h)
  Targeted trough level: 100-120 μg/mL

  1 year
 Methylprednisolone

  Initial dose: 1 mg/kg
  After 4 weeks: decrease by 10 mg, and then another 10 mg every 2 weeks until 5-10 mg maintenance dose

  1 year

Cardiac sarcoidosis
 Methylprednisolone

  Initial dose: 1 mg/kg
  After 4 weeks: decrease by 10 mg, and then another 10 mg every 2 weeks until 5-10 mg maintenance dose

  6 months
Chronic/autoimmune myocarditis (infl ammatory cardiomyopathy)

 Azathioprine
  50 mg/12 h for 6 months

 Methylprednisolone
  Initial dose: 1 mg/kg

  After 4 weeks: decrease by 10 mg, and then another 10 mg every 3 weeks until 5-10 mg maintenance dose
  6 months

Enteroviral/adenoviral cardiomyopathy
Interferon beta

  4 million units subcutaneously every 48 h for the fi rst week
  8 million units subcutaneously every 48 h from the second week and for 6 months

HHV-6 reactivations
Ganciclovir 1000 mg/24 h intravenously 5 days

  Then: valganciclovir 900 mg/ 24 h or 1800 mg/24 h
  • For 6 months
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Immunosuppressive treatment

Currently available data show that immunosuppressive therapy in patients with 
biopsy-proven, virus-negative inϐlammatory cardiomyopathy is an effective and safe 
option for recovery from cardiac failure in carefully selected patients [66]. Adminis-
tered anti-inϐlammatory drugs include corticosteroids, azathioprine and cyclosporine, 
which are administered in addition to regular heart failure medication.

α-Methylprednisolone is generally given at a dose of 1 mg/kg body weight, initially 
for four weeks. Depending on body weight, azathioprine is administered at a dose of 
100–150 mg daily in addition to the corticosteroid. The steroid dosage is titrated down 
every two weeks in 10-mg increments until a maintenance dose of 10 mg is reached. 
The treatment duration should last for three to six months. Actual data from the 
ϐirst randomized trials conϐirm the efϐicacy of these treatment regimens in carefully 
selected patients [72,73].

In a recently published randomized trial (TIMIC study), the authors conϐirmed a 
positive treatment response in patients with virus-negative chronic active myocarditis. 
Eighty-eight percent showed an improvement in cardiac function and dimensions, 
deϐined as an increase of > 10 percentage points in the absolute EF and a reduction 
of LV end-diastolic volume (EDV) or LV end-diastolic diameter (EDD). None of the 
untreated patients showed a 6-month improvement of LVEF, which signiϐicantly 
worsened compared with the baseline. 

However, it has been mentioned that immunosuppressive treatment of patients 
with virus-positive myocarditis or DCMi is deleterious, as was shown via a retrospective 
analysis conducted by Frustaci et al. [74]. These data underline the importance of 
determining the etiology of myocarditis or DCMi before starting an immunosuppressive 
treatment regimen. 

The positive result was conϐirmed in our EMB-based retrospective analysis of virus-
negative DCMi patients, where immunosuppressive treatment showed effectiveness 
and beneϐicial effects even after a long-term follow-up period (up to 10 years). The 
majority of patients improved signiϐicantly with LVEF, especially those with noticeably 
enhanced baseline inϐlammation [75] (Figure 6).

Intravenous immunoglobulin treatment

Case reports and small pilot studies showed a signiϐicant improvement of LV 
function in myocarditis and pediatric patients after treatment with intravenous 
immunoglobulins (IVIGs). However, a randomized, double blind, placebo-controlled 

Improvement of entero-virus posi ve myocardi s by
interferon-ß treatment

Figure 5: Mortality rate among patients positive for enterovirus (EV) infection: unadjusted survival according to 
virus analysis at follow-up. Interferon-β-induced (6 month treatment) enterovirus clearance was associated with a 
signifi cantly reduced mortality rate in comparison to patients who had enterovirus persistence (p = 0.0005 by the 
log-rank test). Modifi ed by Kühl, Schultheiss et al. J Am Coll Cardiol. 2012 Oct 2;60(14):1295-6.
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trial with IVIGs did not offer an advantage in treating DCM over a placebo [76]. The 
variation in efϐicacy may be due to the heterogeneity of the disease etiology, which was 
not proven. Therefore, there is a need for further research. 

Immunoadsorption

Immunoadsorption may represent an additional therapeutic option [77]. However, 
we are waiting for the results of a prospective randomized study which is underway so 
far there are conϐlicting results regarding its effectiveness. 

Conclusion

Myocarditis and DCMi typically result from infection by a cardiotropic virus 
followed by inϐlammatory destruction of the myocardium. As disease entities, 
myocarditis and DCMi characterization has been hampered by their heterogeneous 
clinical presentations and diverse etiologies. In the early stage of the diseases, both the 
infectious trigger and the resulting immune response may already cause irreversible 
myocardial injuries that inϐluence acute and long-term outcomes. If the infectious agent 
is rapidly eliminated and the inϐlammatory process is resolved in a timely manner, the 
disease will resolve with no or only minor alterations of the myocardium. 

Chronic myocardial injury in viral myocarditis develops if the antiviral immune 
response fails to eliminate the infectious agent completely or if the chronic inϐlammatory 
process does not resolve properly despite virus clearance. In such conditions, the 
long-term outcome depends on the nature and extent of the virus-affected tissue 
compartments, which vary considerably with the amount and kind of infectious 
agent or the number and subtype of the smoldering cellular inϐlammatory inϐiltrates. 
In addition to the initial irreversible tissue alterations, persistent viruses and post-
infectious immune or autoimmune processes may induce persistent or progressive 
ventricular dysfunction, arrhythmias and symptomatic cardiac complaints.

Apart from heart failure therapies, there are alternatives for etiologically driven 
speciϐic treatment in myocarditis and DCMi. Because the clinical course of myocarditis 
and DCMi is based on unpredictable non-inversive techniques, all patients with 
clinically suspected myocarditis and DCMi must undergo endomyocardial biopsy 

Baseline LVEF <45%

Clinical course and results of pa ents treated with immunosuppressive
therapy at baseline, a er 6-month and long term follow-up (up to 10 years) 
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LVEF CD3 posi ve cells perforin posi ve cells

Figure 6: Hemodynamic course of patients with virus-negative infl ammatory cardiomyopathy treated immunosup-
pressive at baseline, 6 months and at a long-term follow-up period.
We analyzed the hemodynamic course of 87 patients after 6 months and in long-term follow-ups subsequent to
immunosuppressive therapy: 1 mg/kg body weight daily of prednisone for 4 weeks followed by 0.33 mg/kg body
weight daily for 5 months and azathioprine 2 mg/kg body weight daily for 6 months.
Immunosuppressive treatment of patients with virus-negative infl ammatory cardiomyopathy resulted in A) an
improvement of LVEF in long-term follow-up with signifi cantly reduction of intramyocardial infl ammation B) CD3
positive t-cells, C) cytotoxic cells (perforin) in 6 month EMB.
Mean values ± standard deviation are shown; **P< 0.0001, *P< 0.05 (compared to baseline EMB).
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before irreversible and thus untreatable damage to the myocardium occurs. The exact 
analysis and quantiϐication of intramyocardial inϐiltrates as well as the diagnosis of 
viral pathogens has high clinical value for the assessment of long-term LVEF prognosis 
and is essential for initiating a speciϐic therapy (Figure 7). Immunomodulatory IFN-ß 
treatment is a well-tolerated and safe treatment option, leading to effective virus 
clearance or reduction of the virus load in patients with coxsackie- and adenovirus-
positive cardiomyopathy. Favorable clinical effects assess quality of life, NYHA 
functional class, and patient global assessment and survival. Preliminary data show a 
positive effect of Telbivudine in erythroparvovirus positive patients with replicative 
intermediates. Immunosuppressive treatment in virus-negative DCMi showed 
effectiveness and beneϐicial effects even after a long-term follow-up period. 

Finally, the understanding of the pathophysiological mechanisms of myocarditis 
and DCMi based on the analysis of endomyocardial biopsies is crucial for development 
of new and speciϐic therapeutics. Recently identiϐied immune factors like IL 17 and 
advances in the understanding of the function of matrix metalloproteinases yield 
another target for altering disease progression [78]. Thus, beside the proper diagnosis, 
the better understanding of the mechanisms surrounding the etiologies are essential 
for the development of new diagnostics and therapeutically rudiments. 
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