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Myocarditis
Sandeep Sagar, Peter P Liu, Leslie T Cooper Jr

Myocarditis is an underdiagnosed cause of acute heart failure, sudden death, and chronic dilated cardiomyopathy. In 
developed countries, viral infections commonly cause myocarditis; however, in the developing world, rheumatic carditis, 
Trypanosoma cruzi, and bacterial infections such as diphtheria still contribute to the global burden of the disease. The 
short-term prognosis of acute myocarditis is usually good, but varies widely by cause. Those patients who initially 
recover might develop recurrent dilated cardiomyopathy and heart failure, sometimes years later. Because myocarditis 
presents with non-specifi c symptoms including chest pain, dyspnoea, and palpitations, it often mimics more common 
disorders such as coronary artery disease. In some patients, cardiac MRI and endomyocardial biopsy can help identify 
myocarditis, predict risk of cardiovascular events, and guide treatment. Finding eff ective therapies has been challenging 
because the pathogenesis of chronic dilated cardiomyopathy after viral myocarditis is complex and determined by host 
and viral genetics as well as environmental factors. Findings from recent clinical trials suggest that some patients with 
chronic infl ammatory cardiomyopathy have a progressive clinical course despite standard medical care and might 
improve with a short course of immunosuppression.

Introduction
Myocarditis refers to the clinical and histological 
manifestations of a broad range of pathological immune 
processes in the heart. Alterations in the number and 
function of lymphocyte subsets and macrophages and 
antibody-mediated injury are typically found in patients 
with acute and chronic myocarditis. The immune reaction 
in the heart causes structural and functional abnormalities 
in cardiomyocytes, which in turn leads to regional or 
global contractile impairment, chamber stiff ening, or 
conduction system disease. Patients with acute myocarditis 
often present with non-specifi c symptoms of chest pain, 
dyspnoea, or palpitations; however, sometimes acute viral 
myocarditis can cause cardiac damage without symptoms, 
and the risk of chronic dilated cardiomyopathy (DCM) in 
this setting is uncertain. Immune-mediated cardiac injury 
and dysfunction can also occur in chronic myocarditis.

Classifi cation
Myocarditis can be classifi ed by cause, histology, 
immunohistology, and clinicopathological and clinical 
criteria (panel, fi gure 1). From each categorisation, the 
treating clinician should consider what information will 
provide unique prognostic and therapeutic information in 
a given clinical scenario. For example, assessment of left 
ventricular function in acute myocarditis is useful because 
more severe ventricular dysfunction is associated with 
greater risk of death or need for heart transplantation. An 
eosinophil-rich infi ltrate with giant cells on heart biopsy 
can result from the uncommon but serious diagnosis of 
giant-cell myocarditis. Molecular studies on heart tissue, 
including viral genome amplifi cation and transcriptome 
microarrays, can help identify specifi c pathogens or 
prognostically important infl ammatory pathways.1,2

Although classifi cations on the basis of endomyocardial 
biopsy (EMB) results clearly have value, we have organised 
this Seminar around clinical classifi cation for two reasons: 
(1) most clinical facilities have limited abilty to perform 
EMB and (2) the clinical value of EMB to provide prognosis 
and guide treatment is unproven for many clinical 

scenarios.3 We propose a three-tiered classifi cation for 
acute myocarditis, which is primarily distinguished by 
increasing diagnostic certainty (table 1). An asymptomatic 
patient can be classifi ed as having possible subclinical 
acute myocarditis if other causes of acute cardiac disease 
are excluded, and if they have a recent trigger for 
myocarditis, such as a recent viral illness, and one of the 
following fi ndings: (1) an otherwise unexplained rise in 
troponin concentrations; (2) electrocardiographic changes 
suggestive of acute myocardial injury; or (3) abnormal 
cardiac function on echocardiogram or cardiac MRI. If a 
patient meets the criteria for possible subclinical 
myocarditis but also has one of four clinical syndromes 
consistent with acute myocarditis (acute heart failure, 
chest pain, presyncope or syncope, or myopericarditis), 
then they can be categorised as having probable acute 
myocarditis. If myocarditis is confi rmed by histological 
studies, then the diagnosis is defi nite myocarditis, 
irrespective of the clinical syndrome.

In the course of chronic DCM, myocarditis can present 
as clinical deterioration without a clear cause. No clinically 
available serological or imaging tests can reliably identify 
infl ammation or active cardiac viral infection in chronic 
DCM. Therefore, in patients with chronic DCM who 
deteriorate despite usual heart failure management, EMB 
might be considered to guide cause-specifi c treatment.

Common clinical scenarios associated with myocarditis
Possible subclinical acute myocarditis
Possible subclinical acute myocarditis has been inferred 
from transient increases in troponin or electrocardiogram 
(ECG) abnormalities after an acute viral illness or 
vaccination. During the infl uenza A epidemic (H3N2) in 
Japan from 1998 to 1999, myosin light chain was raised in 
11·4% of patients who did not have cardiac symptoms.4 
1 in 200 people had increased troponin 1 concentrations 
without symptoms of heart failure or chest pain after 
smallpox vaccination,5 yet the incidence of clinical 
myocarditis is lower at 5·5 per 10 000.6 The long-term risk 
of developing heart failure in patients with isolated 
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laboratory evidence of cardiac injury is not known. 
Nonetheless, experimental and epidemiological data 
suggest that chronic DCM can result from acute 
myocarditis.7 Therefore, further research is needed to 
defi ne the long-term clinical signifi cance of possible 
subclinical acute myocarditis.

Acute heart failure with DCM
A clinical syndrome of dyspnoea, fatigue, and exercise 
intolerance, often with paroxysmal nocturnal dyspnoea 
and orthopnoea after an upper respiratory or 
gastrointestinal infection suggests post-viral myocarditis. 
Patients typically have a dilated ventricle, but occasionally 
the ventricular structure and function might suggest 
restrictive or even hypertrophic cardiomyopathy. Increased 
left ventricular wall thickness in fulminant myocarditis is 
a result of active infl ammation and might regress over 
several weeks.8 In this scenario, the risk of death or need 
for heart transplantation is closely linked to the amount of 
haemodynamic compromise, which is identifi ed by 
assessment of left and right ventricular function and 
pressure. For most adult patients who have acute DCM in 
the setting of suspected myocarditis, both ventricular 
function and clinical status improve with standard heart 
failure treatment.9 The disease is often more fulminant in 
children than adults, but, in children, recovery of cardiac 
function is better than in non-infl ammatory DCM, 
although supportive therapy can include mechanical 
circulatory support.10

A small subset of adults who present with a sudden 
onset of severe heart failure within 2 weeks of a viral 
illness might need inotropic or mechanical circulatory 
support, but usually recover if they survive the initial 
illness.8 If patients with fulminant or acute DCM 
develop sustained or symptomatic ventricular tachy-
cardia, high-degree heart block, or fail to respond to 
standard heart failure treatment, then prognosis is 
worse and a more serious form of myocarditis, such as 
giant-cell myocarditis, should be considered.11 EMB is 
indicated in patients with fulminant or acute heart 
failure who do not respond to usual care or who have 
sustained or symptomatic ventricular tachycardia or 
high-degree heart block because EMB can identify a 
specifi c histological cause and guide cause-specifi c 
treatment.3 Prognosis is poor if the biopsy reveals 
extensive fi brosis without infl ammation.12

Myopericarditis resembling an acute coronary syndrome
Myocarditis can mimic an acute coronary syndrome, 
often with globally preserved left ventricular function.13 
When infl ammation occurs in the pericardium, the 
presentation can mimic an acute myocardial infarction 
but without signifi cant coronary artery disease on 
angiography. Yilmaz and colleagues14 noted coronary 
vasospasm with intracoronary acetylcholine testing in 
the absence of epicardial coronary disease in 70% of 
patients with clinical evidence of acute myocardial 

infarction and myocarditis proven on biopsy. In a series 
of patients with acute myocardial infarction-like 
syndrome and normal coronary arteries, 78% had 
evidence of myocarditis on scintigraphy.15 In a study by 
Kuhl and colleagues,16 17 (71%) of 24 consecutive patients 
examined within 24 h after onset of chest pain without 
coronary artery disease had viral genomes detected in 
their myocardium (12 had parvovirus B19, three had 
enterovirus, and two had adenovirus). In most studies, 
such patients had good short-term prognosis, but the 
amount of ventricular compromise is still a borderline 
predictor of death risk.17 A minority of patients develop 
persistent or recurrent myo pericarditis with normal 
ventricular function that might respond to colchicine or 
non-steroidal anti-infl ammatory drugs.18

Panel: Selected classifi cations for myocarditis

Cause
• Viral, such as enteroviruses (eg, Coxsackie B), 

erythroviruses (eg, Parvovirus B19), adenoviruses, and 
herpes viruses

• Bacterial, such as Corynebacterium diphtheriae, 
Staphylococcus aureus, Borrelia burgdorferi, and 
Ehrlichia species

• Protozoal, such as Babesia
• Trypanosomal, such as Trypanosoma cruzi
• Toxic: alcohol, radiation, chemicals (hydrocarbons and 

arsenic), and drugs, including doxorubicin 
• Hypersensitivity: sulphonamides and penicillins

Histology
• Eosinophilic
• Giant cell
• Granulomatous
• Lymphocytic

Immunohistology (not mutually exclusive)
• World Heart Federation: 14 or more CD3+ or CD68+ cells 

per high power fi eld
• Increased expression of human leucocyte antigens 

(eg, HLA-DR)
• Increased expression of adhesion molecules 

(eg, intracellular adhesion molecule 1)

Clinicopathological
• Fulminant
• Acute
• Chronic active
• Chronic persistent

Clinical (not mutually exclusive)
• Acute heart failure
• Syncope
• Chest pain resembling an acute myocardial infarction
• Myopericarditis

This panel is a partial list of categories and criteria within common classifi cation schemes.
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Syncope from ventricular arrhythmias or heart block
Uemura and colleagues19 reported that three (6%) of 
50 patients with unexplained atrioventricular heart 
block had myocarditis. Heart block or sustained or 
symptomatic ventricular arrhythmias in the setting of a 
cardiomyopathy should also raise suspicion for specifi c 
causes of myocarditis. For example, Lyme disease and 
Chagas diseases are associated with heart block, 
ventricular arrhythmias, and chronic myocarditis 
(fi gure 2).20,21 Diphtheria is associated with bradyar-
rhythmias and heart block. Patients who present with 
chronic DCM and have new ventricular arrhythmias or 
second-degree or third-degree heart block are at risk for 
cardiac sarcoidosis (idiopathic granulomatous myo-
carditis).22,23 Myocarditis associated with ventricular 
tachycardia can also mimic arrhythmogenic right 
ventricular dysplasia or cardiomyopathy.24

Heart failure associated with progressive or chronic DCM
Myocarditis defi ned by immunohistological criteria is 
present in up to 40% of patients with chronic DCM who 
have symptoms of heart failure despite standard medical 
care.25 In patients with chronic DCM, imunohistological 

evidence of myocarditis is much more common than 
infl ammation on routine histology. Kindermann and 
colleagues26 showed that the risk of death or need for 
cardiac transplantation in patients with myocarditis is 
worse in those with infl ammation than in those without, 
as assessed by immunohistology. Findings from a case-
control study suggested that patients with heart failure 
caused by chronic myocarditis and anti-cardiac antibodies 
but no viral genomes on EMB had a good response to 
immunosuppressive treatment.27 In a randomised, 
placebo-controlled trial, a course of prednisone and 
azathioprine improved left ventricular function in patients 
with chronic infl ammatory cardiomyopathy and no active 
viral infection.28

Cause
Myocarditis can result from a wide spectrum of 
infectious pathogens, including viruses, bacteria, 
chlamydia, rickettsia, fungi, and protozoans, as well as 
toxic and hypersensitivity reactions. Viruses are the 
infectious pathogens most frequently implicated in 
reports of acute myocarditis. In the 1950s and 1960s, 
experimental and later seroepidemiological studies 

50 µm 50 µm 50 µm

A B C

Figure 1: Histological samples from patients with myocarditis 
(A) Endomyocardial biopsy showing an extensive interstitial lymphoplasmacytic infi ltrate associated with myocardial necrosis in a patient with myocarditis. Presence of T lymphocytes (B) and 
macrophages (C) shown by antibody stains against CD3 and CD68. Image courtesy of Joesph J Maleszewski.  

Criteria Histological 
confi rmation

Biomarker, ECG, or 
imaging abnormalities 
consistent with 
myocarditis

Treatment

Possible subclinical acute 
myocarditis

In the clinical context of possible myocardial injury without cardiovascular 
symptoms but with at least one of the following:
1 Biomarkers of cardiac injury raised
2 ECG fi ndings suggestive of cardiac injury 
3 Abnormal cardiac function on echocardiogram or cardiac MRI 

Absent Needed Not known

Probable acute myocarditis In the clinical context of possible myocardial injury with cardiovascular symptoms 
and at least one of the following:
1 Biomarkers of cardiac injury raised
2 ECG fi ndings suggestive of cardiac injury 
3 Abnormal cardiac function on echocardiogram or cardiac MRI

Absent Needed Per clinical syndrome

Defi nite myocarditis Histological or immunohistological evidence of myocarditis Needed Not needed Tailored to specifi c cause

ECG=electrocardiogram.

Table 1: A three-tiered clinical classifi cation for the diagnosis of myocarditis on the basis of level of diagnostic certainty
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linked enteroviruses, particularly group B Coxsackie 
viruses, to myocarditis.29,30 In the 1980s, molecular 
techniques, including PCR, identifi ed other viral 
genomes in the heart tissue of patients with acute 
myocarditis, broadening the spectrum of viruses 
associated with myocarditis.31,32 At present, the most 
frequently identifi ed genomes are parvovirus B19 and 
human herpes virus 6, although enteroviruses are still 
an important cause is some regions.33,34 Because heart 
biopsy and viral genome analysis are rarely done in 
many regions of the world, the prevalence of viral 
myocarditis in much of Africa, Asia, the Middle East, 
and South America is unknown.

Corynebacterium diphtheriae can cause myocarditis 
associated with bradycardia in nonimmunized children.
Trypanosoma cruzi, the cause of Chagas disease, has been 
a leading cause of myocarditis in parts of rural South and 
Central America.35 The age-standardised incidence of 
myocarditis due to C diphtheriae has been estimated at 
nearly 50 cases per 100 million worldwide, with a much 
higher incidence in the former Soviet Union.36 T cruzi 
infection can occur in childhood after transcutaneous 
inoculation with excreta contaminated with the parasite 
from the haematophagous Reduviids. After an acute 
phase of mild febrile illness, a prolonged (10–30 year) 
asymptomatic latent phase follows. During this 
asymptomatic phase, subclinical cardiac involvement can 
be identifi ed by Holter monitoring and echo cardio-
graphy.37,38 Systolic and diastolic left ventricular dys-
function and ventricular arrhythmias have been 
documented in a high percentage of patients with chronic 
asymptomatic Chagas disease.39 Anti-heart antibodies 
directed against myosin heavy chain, mitochondrial 
antigens, the β1 adrenergic receptor, and muscarinic 
acetylcholine 2 receptors are increased in patients with 
T cruzi infection who develop myocarditis.40 Ventricular 
aneurysms, biventricular systolic or diastolic heart 

failure, and cardiac autonomic dysfunction characterise 
chronic Chagas cardiomyopathy.35

Myocarditis in patients with advanced HIV infections 
can result in chronic DCM and is associated with poor 
prognosis.41,42 DCM in HIV can occur from cardiotoxicity 
induced by viral glycoprotein 120, opportunistic infec-
tions, autoimmune response, drug-related cardiac toxicity, 
and possibly nutritional defi ciencies.43 HIV-1 and viral 
glycoprotein 120 both induce myocyte and endothelial 
apoptosis, whereas antiviral drugs can cause gap junction 
and mitochondrial dysfunction. Highly active antiviral 
therapy (HAART) signifi cantly reduces the incidence of 
HIV-associated myocarditis and DCM. Before HAART 
was available, the prevalence of cardiomyopathy was as 
high as 30% and symptomatic heart failure was 5% in 
patients with HIV.44 HAART regimens have reduced the 
incidence of HIV-associated cardiomyopathy by seven 
times, which has resulted in increased longevity and 
improved quality of life in HIV-infected patients.44 
However, HAART is only available to a small percentage 
of the global HIV-infected population. Therefore, 
programmes to increase the availability of HAART in 
regions of the world where HIV and other infectious 
diseases are endemic should reduce the rates of 
myocarditis and DCM.

Non-infectious causes of myocarditis are uncommon 
but important because of the substantial morbidity 
associated with these conditions and the potential for 
specifi c treatments. For example, patients with systemic 
infl ammatory diseases such as rheumatoid arthritis have 
an increased cardiovascular mortality rate compared with 
the general population.45–47 In patients with extra-articular 
manifestations of rheumatoid arthritis, the incidence of 
non-ischaemic cardiomyopathy, such as myocarditis, was 
estimated to be as high as 39% in the 1980s.48 This rate 
has decreased with the advent of disease-modifying anti-
rheumatic drugs.46,48 The refi nement of non-invasive 

Figure 2: Lyme disease in a patient with myocarditis
(A) Erythema migrans (bull’s eye rash) in a patient with Lyme myocarditis. (B) Electrocardiogram from the patient revealed complete heart block.
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diagnostic methods, such as cardiac MRI, to diff erentiate 
between ischaemic and non-ischaemic cardiac mani-
festation of rheumatoid arthritis are needed to further 
reduce the cardiac morbidity and mortality associated 
with rheumatoid arthritis and other systemic infl am-
matory disorders.

Eosinophilic myocarditis can be grouped by cause, 
including types associated with systemic disease (eg, hyper-
eosinophilic syndrome, Churg-Strauss syndrome, and 
malignancies); those associated with drugs or vaccines 
(hypersensitivity eosinophilic myo carditis); and those 
associated with parasitic infections such as Toxocara canis49 
and idiopathic acute necrotising eosinophilic myocarditis.50 
Hypersensitivity myocarditis is particularly diffi  cult to 
recognise because the clinical features characteristic of a 
drug hypersensitivity reaction—including non-specifi c 
skin rash, malaise, fever, and eosinophilia—are absent in 
most cases.51,52 Drugs associated with hypersensitivity 
myocarditis include clozapine, sulfonamide antibiotics, 
methyldopa, and some anti-seizure drugs. The rate of 
possible myocarditis after smallpox vaccination was 5·5 
per 10 000 in the US civilian vaccination programme.6 
Fortunately, myocar ditis after other vaccines is rare.53

Acute necrotising eosinophilic myocarditis and giant-
cell myocarditis are two rare idiopathic disorders that 
present with fulminant or acute heart failure, which is 
frequently associated with ventricular arrhythmias or 
heart block. These disorders share histological features of 
extensive myocyte necrosis, little fi brosis in the acute 
setting, and an eosinophil-rich infi ltrate, suggesting that 
they might share a common pathogenesis. Both disorders 
might respond to multi-drug immunosuppression.54 In 
the case of giant-cell myocarditis, treatment with 
cyclosporine, high-dose steroids, and muromonab-CD3 
was associated with a 91% 1-year survival.55

Pathogenesis
Myocarditis results from the interaction of an external 
environmental trigger with the host’s immune system. 
The availability of murine enteroviral models of 
myocarditis has facilitated much of our understanding of 
the disorder.56,57 From the pathophysiological point of 
view, the disease can be conceptually divided into three 
phases: (1) acute viral, (2) subacute immune, and 
(3) chronic myopathic.

Viral phase
Myocarditis is most commonly initiated by the 
introduction of a virus from a potentially pathogenic 
strain (eg, enteroviruses such as coxsackievirus), or 
reactivation of a dormant pathogen (eg, parvovirus B 19). 
The virus can proliferate in the permissive tissues of the 
susceptible host and ultimately reaches the myocardium 
or blood vessels through haematogenous or lymphangitic 
spread, or both. Clinically, the viral phase is typically 
short and often missed by clinicians. Once the virus 
reaches the target cells, it uses its specifi c receptor or 

receptor complex for targeted cell entry. Coxsackievirus 
uses the coxsackie-adenoviral receptor, which is a 
junctional protein that links one cell to another.58–60 The 
nature of the receptors might partially explain why 
coxsackieviruses and adenoviruses are common causative 
viruses for myocarditis.

Viral proliferation in myocytes can cause direct tissue 
injury. However, most tissue damage in myocarditis 
results from the interaction of the viral trigger with the 
immune system. Entry of the virus through its receptor 
also activates immune signalling systems, including 
tyrosine kinases p56lck, Fyn, and Abl.58,60 Activation of these 
signals modifi es the host cell cytoskeleton to permit more 
viral entry. At the same time, these signals mediate the 
activation of immune cells, which are critically dependent 
on p56lck and Fyn.

Immune activation after viral entry
The balance of immune response by the host is a major 
determinant of patient outcome. On the one hand, the 
immune response is activated to eliminate as many virus-
infected cells as possible to control the infection. On the 
other hand, it needs to be modulated and turned off  when 
appropriate; otherwise there will be excessive tissue 
damage from the infl ammatory response, which could 
lead to direct organ dysfunction.

Viral persistence can expose the host to prolonged 
antigenic trigger, chronic immune activation, and the 
potential for chronic myocarditis. Persistence of the viral 
genome, such as coxsackievirus, in the myocyte has been 
directly linked to the development of DCM through 
cytoskeleton remodelling.61

Innate immunity
The earliest host responses to the viral presence are 
members of the innate immune system. Innate immunity 
is an evolutionarily conserved host protective system that 
activates infl ammatory responses through moieties such 
as toll-like receptors (TLRs). TLRs are present on all cell 
types, and TLR-3 and TLR-4 are particularly abundant in 
the cardiovascular system. These receptors recognise 
common antigenic patters from viruses, bacteria, foreign 
nucleic acid sequences, or oxidised proteins. Once 
engaged, they transmit a cascade of signals to activate 
nuclear transcription factors, such as nuclear factor κB, 
and lead to infl ammatory cytokine production and 
immune activation.62,63

Acquired immunity
Signals from the innate immune system also sets in 
motion the activation and expansion of T cells and B cells 
that recognise specifi c peptide sequences as part of 
acquired immunity. This system is triggered by the 
recognition of a precise non-self molecular pattern by the 
variable region of the T-cell receptor, after a danger or 
stress signal by the host. The stimulated T cell will clonally 
expand to attack the source of the antigen, which could be 
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the original viral coat protein or sometimes parts of the 
myocardium (such as myosin) that might resemble the 
molecular sequence of the virus (molecular mimicry), 
triggering autoimmunity. 

Activation of acquired immunity can lead to the 
production of T-killer cells that can directly attack the virus 
and virally infected cells. The activation of T cells also 
leads to the activation of B cells and the production of 
specifi c antibodies to neutralise the antigen. This response 
results in subacute and chronic infl ammation in 
myocarditis and contributes to the subsequent myocyte 
necrosis, fi brosis, and remodelling. The T-cell receptor 
activation sequence ultimately leads to the detrimental 
phenotype of the disease and supports the idea that 
decreasing infl ammation from acquired immunity while 
fi nding ways to control the virus through innate immunity 
will lead to the most benefi cial outcomes in myocarditis.

Myopathy phase 
If the infl ammatory response persists, the heart can 
undergo remodelling, with modifi cation of the cardiac 
structure and function, which leads to the development of 
DCM. The infl ammatory process from both innate and 
acquired immunity (described earlier) can also lead to 
release of cytokines, which are potent activators of matrix 
metalloproteinases that can digest the interstitial collagen 
and elastin framework of the heart and, in turn, participate 
in infl ammation.64 A family of matrix metalloproteinases, 
including urokinase-type plasmino gen activator, contri-
bute to cardiac dilatation and infl ammation.33 Additionally, 
the activation of cytokines such as transforming growth 
factor can lead to activation of the SMAD signalling 
cascade, which causes pro duction of profi brotic factors, 
leading to pathological fi brosis. The fi nal result can be 
DCM, with its attendant systolic and diastolic dysfunction, 
and progressive heart failure. Studies in patients receiving 
interferon beta suggest that type 1 interferons might be 
able to modulate not only the viral load but also the 
remodelling of the aff ected hearts.33 Therapeutic drugs 
such as angiotensin modulators and β blockers modify 
the remodelling process and are equally eff ective for 
treatment of a dilated heart after myocarditis.

Diagnosis
When myocarditis is suspected, more common causes of 
cardiovascular disease, such as atherosclerotic and valvular 
heart disease, should be excluded according to present 
American Heart Association (AHA), American College of 
Cardiology Foundation (ACCF), European Society of 
Cardiology (ESC), and Heart Failure Society of America 
(HFSA) guidelines.65–67

In patients with clinically suspected acute myocarditis, 
confi rmatory testing usually begins with serum bio-
markers. Troponin 1 was raised in 34% of patients with 
acute myocarditis who had up to 2 years of symptoms at 
the time of enrolment into the US Myocarditis Treatment 
Trial cohort.68 However, in sicker patients who were treated 

in hospital and who had acute or fulminant myocarditis, 
creatine kinase-MB concen trations of greater than 
29·5 ng/mL predicted in-hospital mortality with a sensi-
tivity of 83% and a specifi city of 73%.69 In acute or 
fulminant myocarditis, higher interleukin-10 and soluble 
Fas concentrations are associated with an increased risk of 
death; however, tests for these markers  are not commonly 
used clinically.70,71 In acute myocarditis, presence of anti-
heart antibodies might predict risk of death or need 
for transplantation.72 Non-specifi c serum markers of 
infl ammation, such as C-reactive protein, erythrocyte 
sedimentation rate, and leucocyte count, are frequently 
increased in patients with suspected myocarditis, but low 
specifi city limits their diagnostic value.

There are non-specifi c changes on ECG in most 
patients with myocarditis. These changes include sinus 
tachycardia, ST-wave and T-wave abnormalities, and 
occasionally atrioventricular or bundle branch block.73 
Electro cardiographic changes that are associated with 
poor prognosis in acute myocarditis include widened 
QRS and Q waves.74 Pericarditis with PR depression and 
diff use ST segment elevation often accompanies epi-
cardial infl ammation.

New regional or global wall motion abnormalities that 
are not associated with a coronary distribution are a useful 
confi rmatory and prognostic fi nding in acute myocarditis.75 
In fulminant cases, there might be wall thickening due to 
oedema, and increased ventricular sphericity. Impaired 
right ventricular function is a strong predictor of death or 
need for transplantation. In one study, 14 of 23 patients, of 
those with right ventricular dysfunction died or needed a 
transplant compared with none of those with normal right 
ventricular function (p=0·03).76 Perhaps the greatest value 
of standard echocardiography in the assessment of acute 
myocarditis is for exclusion of primary valvular and 
congenital disease or pericardial constriction.

Cardiac MRI is becoming routine and is a sensitive 
non-invasive test for confi rmation of acute myocarditis.77 
In 82 patients with non-ischaemic DCM and myocarditis, 
all of whom had EMB, the correct diagnosis was obtained 
with cardiac MRI alone in 66 patients (80%).78 The 
sensitivity and specifi city of cardiac MRI for the 
diagnosis of acute myocarditis varies with the sequences 
used (table 2). A combination of T2-weighted MRI and 
post-gadolinium early and late T1-weighted MRI 
provides the best sensitivity (67%) and specifi city (91%) 
for diagnosis.79 However, T1 weighted imaging after 
gadolinium contrast might not distinguish acute 
myocarditis from chronic scarring.80

Histological or immunohistological evidence of an 
infl ammatory cell infi ltrate with or without myocyte 
damage is the gold standard for the diagnosis of 
myocarditis. In clinical practice, EMB should be used 
when the incremental prognostic and therapeutic 
information gained from biopsy outweighs the risk and 
cost. An AHA/ACCF/ESC joint scientifi c statement3 
recommended that EMB should be done (class 1 
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indication) in patients with heart failure and (1) a normal 
sized or dilated left ventricle, less than 2 weeks of 
symptoms, and haemodynamic compromise; or (2) a 
dilated ventricle, 2 weeks to 3 months of symptoms, new 
ventricular arrhythmias or Mobitz type 2 second-degree or 
third-degree heart block, or who fail to respond to usual 
care within 1–2 weeks. The scientifi c statement recom-
mends that EMB be considered in several other clinical 
scenarios for which there is less robust evidence of 
incremental diagnostic, prognostic, or therapeutic value.

Since the publication of the joint scientifi c statement, 
the major complication rate of EMB has been shown to be 
less than one in 1000 when done by experienced operators.81 
A strategy of early EMB in children with suspected acute 
myocarditis can be used to identify those who will respond 
to medical treatment and to decrease the need for heart 
transplantation.82 Left ventricular biopsy is as safe as right 
ventricular biopsy.83 Finally, EMB-based criteria (infl am-
mation present on immuno histology and viral genomes 
absent on PCR) can identify patients with chronic DCM 
who respond to immuno suppression. The decrease in 
procedural risk and increase in diagnostic and therapeutic 
value is extending the role of EMB at medical referral 
centres that have the necessary technical expertise.

Treatment according to clinical scenario
Possible subclinical acute myocarditis
The optimum management strategy for patients who 
have a rise in troponin concentrations or ECG changes 
sug gestive of myocarditis or myopericarditis without 
cardio vascular symptoms is not known. These patients 
are often encountered during a medical assessment for 
non-cardiovascular disorders such as a fl u-like illness. 
The short-term prognosis of possible subclinical acute 
myo carditis is good, but the long-term consequences 
are unknown. If ventricular function is normal, a 
reasonable therapeutic approach is to clinically reassess 
the patient after 1–2 weeks to ensure that troponin 
concentrations normalise and that symptoms of heart 
failure or arrhythmia do not develop. If the left 
ventricular ejection fraction is less than 40%, we 
recommend that an angiotensin-converting enzyme 
inhibitor or angiotensin receptor blocker and possibly a 
β adrenergic blocker be given, as suggested in the 
present AHA/ACCF, HFSA, and ESC guidelines for the 
management of stage B heart failure.65–67

Probable acute myocarditis
Treatment for probable acute myocarditis varies according 
to the presenting clinical scenario. In patients who 
present with an acute DCM and a syndrome of heart 
failure, supportive measures and pharmaceutical treat-
ment with neurohormonal blockade is indicated, as is 
standard for chronic heart failure. Although clinical 
studies in myocarditis have not been done, captopril and 
candesartan improve myocarditis in murine myocarditis 
models.84,85 Most patients with acute myocarditis respond 
well to standard heart failure treatment. In addition to 
medical management, we recommend that patients with 
acute myocarditis refrain from competitive athletics for a 
period of up to 6 months after the acute infection or until 
ventricular recovery has been documented by non-
invasive imaging.86

Routine treatment of probable or defi nite acute viral 
or lymphocytic myocarditis with immunosuppressive 
drugs is not recommended for adults. In the US 
Myocarditis Treatment Trial,87 the placebo and im muno-
suppression (prednisone with either azathioprine or 
cyclosporin) arms had similar changes in left ventricular 
ejection fraction and transplant-free survival. In acute 
myocarditis, infl ammation often has the benefi cial 
eff ect of com plete viral clearance. Exceptions include 
patients with uncommon, non-infectious, histological 
forms, including giant-cell myocarditis, cardiac 
sarcoidosis, and eosino philic myocarditis; and those 
with myocarditis associ ated with infl ammatory dis-
orders such as systemic lupus erythematosus.

In small case series of acute paediatric myocarditis 
due to probable or defi nite lymphocytic myocarditis or 
Kawasaki disease, intravenous immunoglobulin has 
been eff ective.88–90 However, in the Intervention for 
Myocarditis and Acute Cardiomyopathy trial,91 there 
were no signifi cant diff erences in transplant free 
survival between the intravenous immunoglobulin 
treatment group and placebo in adult patients who had 
DCM of less than 6 months duration. Therefore, in 
adults with probable acute myocarditis, there is 
insuffi  cient evidence to recommend use of intravenous 
immunoglobulin.92

Chronic DCM
Up to 40% of patients with chronic DCM who fail to 
respond to usual care have immunohistochemical 
evidence of myocardial infl ammation.25 In two random-
ised trials of patients with chronic infl ammatory cardio-
myopathy, immunosuppression with azathioprine and 
prednisone resulted in an improvement in quality of life 
and left ventricular ejection fraction as compared to 
placebo.25,28 In the Tailored Immunosuppression in 
Infl ammatory Cardiomyopathy trial by Frustaci and 
colleagues,28 85 patients with chronic infl ammatory 
cardiomyopathy without persistent viral infection were 
enrolled and randomised to either prednisone and 
azathioprine or placebo. Prednisone and azathioprine 

Validation Sensitivity (%) Specifi city (%) Accuracy (%) PPV (%)

T2 and LGE Clinical histology 25 95 56 86

T2, LGE, or both Clinical histology 60 66 62 79

Any 1 of 3 Clinical histology 88 48 70 68

Any 2 of 3 Clinical histology 67 91 78 91

PPV=positive predictive value. T2=T2-weighted MRI. LGE=late gadolinium enhancement. Adapted with permission 
from Friedrich and colleagues.79

Table 2: Accuracy of several combinations of cardiac MRI tissue criteria for the diagnosis of myocarditis
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treatment was associated with a mean left ventricular 
ejection fraction increase from 26% to 46%. Larger trials 
are needed to assess whether immunosuppression 
will aff ect the risk of death or admission to hospital in 
this population.

Although there are abundant data supporting the role 
of viral infection in the pathogenesis of myocarditis and 
DCM, there are no published randomised clinical trials 
of antiviral therapy in this population. In patients with 
chronic DCM and persistent viral genomes, one case 
series33 suggested that 6 mIU interferon beta three times 
per week for enteroviral or adenoviral infection can 
eliminate viral genomes and improve left ventricular 
function as compared with placebo. The applicability of 
these data to other common viruses, including 
parvovirus B19, is not known.

Mechanical circulatory support or extracorporeal 
membrane oxygenation can allow a bridge to trans-
plantation or recovery in patients with cardiogenic 
shock despite optimum medical care.93,94 Time to 
recovery in acute myocarditis varies from a few days 
to a few months.95,96 Survival after transplantation for 
myocarditis in adults is similar to survival after cardiac 
transplantation for other reasons,97 however, survival 
after transplantation in children with myocarditis 
seems to be reduced.98 Patients with giant-cell 
myocarditis have a 20–25% risk of recurrence in the 
allograft heart.11

Myopericarditis resembling an acute coronary syndrome
Patients who present with an acute myocardial infarction 
pattern usually recover with normal left ventricular 
ejection fraction; however, the likelihood of recovery is 
still dependent on left ventricular function.13,15 Colchicine 
at an initial dose of 1–2 mg followed by reduced daily 
doses for up to 3 months can improve chest pain from 
associated pericarditis.18 Non-steroidal anti-infl ammatory 
drugs such as indometacin should be used with caution 
and generally be reserved for patients with normal 
ventricular function because they worsen myocarditis in 
murine models.99

Syncope from ventricular arrhythmias or heart block
Patients with ventricular arrhythmias or heart block 
due to acute myocarditis should be admitted to hospital 
for electrocardiographic monitoring. The 2006 ACC/
AHA/ESC guidelines for the management of ventricular 
arrhythmias recommended that acute arrhythmia emer-
gencies be managed conventionally in the setting of 
myocarditis.100 Generally, the indications for an implant-
able cardiac defi brillator are the same as for non-
ischaemic DCM. However, because of the relatively 
high risk of death or need for transplantation, the 
presence of symptomatic ventricular arrhythmias or 
heart block in giant-cell myocarditis or cardiac 
sarcoidosis might warrant early consideration for an 
implantable cardiac defi brillator.

Summary
The aim of this Seminar was to provide a clinical 
classifi cation and guidelines for the assessment and 
treatment of suspected myocarditis in medical 
environments and epidemiological research where biopsy 
is unfeasible at present. We have emphasised the strengths 
and limitations of non-invasive methods such as 
echocardiography and cardiac MRI. Recently, several 
clinical scenarios in which EMB results added unique 
prognostic data or guide therapy have been defi ned. 
Therefore, we recommend that patients with a class 1 
indication for EMB, who present to a medical centre 
without EMB capability, should be transferred to a centre 
where EMB can be done when feasible. Finally, ongoing 
translation of mechanistic insights from animal models to 
clinical care are permitting cause-specifi c treatment of 
viral and non-viral myocarditis and improving clinical 
outcomes in many forms of myocarditis.
Contributors
SS, PPL, and LTC did the literature search and wrote the manuscript, LTC 
reviewed and revised the manuscript.

Confl icts of interest
PPL ans SS declare that they have no confl icts of interest. LTC has 
received consultancy fees from Sanofi  Pasteur.

References
1 Heidecker B, Kittleson MM, Kasper EK, et al. Transcriptomic 

biomarkers for the accurate diagnosis of myocarditis. Circulation 
2011; 123: 1174–84.

2 Kuhl U, Pauschinger M, Seeberg B, et al. Viral persistence in the 
myocardium is associated with progressive cardiac dysfunction. 
Circulation 2005; 112: 1965–70.

3 Cooper LT, Baughman KL, Feldman AM, et al. The role of 
endomyocardial biopsy in the management of cardiovascular disease: 
a scientifi c statement from the American Heart Association, the 
American College of Cardiology, and the European Society of 
Cardiology. Circulation 2007; 116: 2216–33.

4 Kaji M, Kuno H, Turu T, Sato Y, Oizumi K. Elevated serum myosin 
light chain I in infl uenza patients. Intern Med 2001; 40: 594–97.

5 Engler RJM, Collins LC, Gibbs BT, et al. Myocarditis after 
smallpox/vaccinia immunization: passive vaccine safety 
surveillance compared to prospective studies. 
J Allergy Clin Immunol 2009; 123: S264.

6 Morgan J, Roper MH, Sperling L, et al. Myocarditis, pericarditis, and 
dilated cardiomyopathy after smallpox vaccination among civilians in 
the United States, January–October 2003. Clin Infect Dis 2008; 
46 (suppl 3): S242–50.

7 Kasper E, Agema W, Hutchins G, Deckers J, Hare J, Baughman K. 
The causes of dilated cardiomyopathy: a clinicopathologic review 
of 673 consecutive patients. J Am Coll Cardiol 1994; 23: 586–90.

8 McCarthy RE 3rd, Boehmer JP, Hruban RH, et al. Long-term 
outcome of fulminant myocarditis as compared with acute 
(nonfulminant) myocarditis. N Engl J Med 2000; 342: 690–95.

9 McNamara, DM Starling RC, Cooper LT, et al, for the IMAC 
Investigators. Clinical and demographic predictors of outcomes 
in recent onset dilated cardiomyopathy. Results of the IMAC 
(intervention in myocarditis and acute cardiomyopathy)-2 study. 
J Am Coll Cardiol 2011; 58: 1112–18.

10 Alvarez JA, Orav EJ, Wilkinson JD, et al, for the Pediatric 
Cardiomyopathy Registry Investigators. Competing risks for death 
and cardiac transplantation in children with dilated cardiomyopathy: 
results from the pediatric cardiomyopathy registry. Circulation 2011; 
124: 814–23.

11 Cooper LT, Berry GJ, Shabetai R. Giant cell myocarditis: natural 
history and treatment. N Engl J Med 1997; 336: 1860–66.

12 Assomull RG, Prasad SK, Lyne J, et al. Cardiovascular magnetic 
resonance, fi brosis, and prognosis in dilated cardiomyopathy. 
J Am Coll Cardiol 2006; 48: 1977–85.

JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel




Seminar

746 www.thelancet.com   Vol 379   February 25, 2012

13 Dec GW Jr, Waldman H, Southern J, Fallon JT, Hutter AM Jr, 
Palacios I. Viral myocarditis mimicking acute myocardial infarction. 
J Am Coll Cardiol 1992; 20: 85–89.

14 Yilmaz A, Mahrholdt H, Athanasiadis A, et al. Coronary vasospasm 
as the underlying cause for chest pain in patients with PVB19 
myocarditis. Heart 2008; 94: 1456–63.

15 Sarda L, Colin P, Boccara F, et al. Myocarditis in patients with clinical 
presentation of myocardial infarction and normal coronary 
angiograms. J Am Coll Cardiol 2001; 37: 786–92.

16 Kuhl U, Pauschinger M, Bock T, et al. Parvovirus B19 infection 
mimicking acute myocardial infarction. Circulation 2003; 108: 945–50.

17 Magnani JW, Danik HJ, Dec GW Jr, DiSalvo TG. Survival in 
biopsy-proven myocarditis: a long-term retrospective analysis of the 
histopathologic, clinical, and hemodynamic predictors. Am Heart J 
2006; 151: 463–70. 

18 Imazio M, Brucato A, Mayosi BM, et al. Medical therapy of 
pericardial diseases: part I: idiopathic and infectious pericarditis. 
J Cardiovasc Med (Hagerstown) 2010; 11: 712–22.

19 Uemura A, Morimoto S, Hiramitsu S, Hishida H. Endomyocardial 
biopsy fi ndings in 50 patients with idiopathic atrioventricular block: 
presence of myocarditis. Jpn Heart J 2001; 42: 691–700.

20 Patel RA, DiMarco JP, Akar JG, Voros S, Kramer CM. Chagas 
myocarditis and syncope. J Cardiovasc Magn Reson 2005; 7: 685–88.

21 Costello JM, Alexander ME, Greco KM, Perez-Atayde AR, 
Laussen PC. Lyme carditis in children: presentation, predictive 
factors, and clinical course. Pediatrics 2009; 123: e835–41.

22 Kandolin R, Lehtonen J, Kupari M. Cardiac sarcoidosis and giant cell 
myocarditis as causes of atrioventricular block in young and 
middle-aged adults. Circ Arrhythm Electrophysiol 2011; 4: 303–09.

23 Okura Y, Dec GW, Hare JM, et al. A clincal and histopathologic 
comparison of cardiac sarcoidosis and idiopathic giant cell 
myocarditis. J Am Coll Cardiol 2003; 42: 322–28.

24 Pieroni M, Dello Russo A, Marzo F, et al. High prevalence 
of myocarditis mimicking arrhythmogenic right ventricular 
cardiomyopathy diff erential diagnosis by electroanatomic 
mapping-guided endomyocardial biopsy. J Am Coll Cardiol 2009; 
53: 681–89.

25 Wojnicz R, Nowalany-Kozielska E, Wojciechowska C, et al. 
Randomized, placebo-controlled study for immunosuppressive 
treatment of infl ammatory dilated cardiomyopathy: two-year 
follow-up results. Circulation 2001; 104: 39–45.

26 Kindermann I, Kindermann M, Kandolf R, et al. Predictors of 
outcome in patients with suspected myocarditis. Circulation 2008; 
118: 639–48.

27 Frustaci A, Chimenti C, Calabrese F, Pieroni M, Thiene G, Maseri A. 
Immunosuppressive therapy for active lymphocytic myocarditis: 
virological and immunologic profi le of responders versus 
nonresponders. Circulation 2003; 107: 857–63.

28 Frustaci A. Randomized study of the effi  cacy of immunosuppressive 
therapy in patients with virus-negative infl ammatory 
cardiomyopathy: the TIMIC study. Eur Heart J 2009; 30: 1995–2002.

29 de Leeuw N, Melchers WJ, Balk AH, de Jonge N, Galama JM. Study 
on microbial persistence in end-stage idiopathic dilated. 
Clin Infect Dis 1999; 29: 522–25.

30 Mavrouli MD, Spanakis N, Levidiotou S, et al. Serologic prevalence 
of coxsackievirus group B in Greece. Viral Immunol 2007; 20: 11–18.

31 Matsumori A, Matoba Y, Sasayama S. Dilated cardiomyopathy 
associated with hepatitis C virus infection. Circulation 1995; 
92: 2519–25.

32 Kuhl U, Pauschinger M, Noutsias M, et al. High prevalence of viral 
genomes and multiple viral infections in the myocardium of adults 
with “idiopathic” left ventricular dysfunction. Circulation 2005; 
111: 887–93.

33 Kuhl U, Pauschinger M, Schwimmbeck PL, et al. Interferon-beta 
treatment eliminates cardiotropic viruses and improves left 
ventricular function in patients with myocardial persistence of viral 
genomes and left ventricular dysfunction. Circulation 2003; 
107: 2793–98.

34 Kuhl U, Lassner D, Pauschinger M, et al. Prevalence of erythrovirus 
genotypes in the myocardium of patients with dilated 
cardiomyopathy. J Med Virol 2008; 80: 1243–51.

35 Punukollu G, Gowda RM, Khan IA, Navarro VS, Vasavada BC. 
Clinical aspects of the Chagas’ heart disease. Int J Cardiol 2007; 
115: 279–83.

36 Galazka A. The changing epidemiology of diphtheria in the vaccine 
era. J Infect Dis 2000; 181 (suppl 1): S2–9.

37 Alarcón de Noya B, Díaz-Bello Z, Colmenares, C, et al. Large urban 
outbreak of orally acquired acute Chagas disease at a school 
in Caracas, Venezuela. J Infect Dis 2010; 201: 1308–15

38 Grupi CJ, Moff a PJ, Barbosa SA, et al. Holter monitoring in Chagas’ 
heart disease. Sao Paulo Med J 1995; 113: 835–40.

39 Marques DS, Canesin MF, Barutta Júnior F, Fuganti CJ, Barretto AC. 
Evaluation of asymptomatic patients with chronic Chagas disease 
through ambulatory electrocardiogram, echocardiogram and B-Type 
natriuretic peptide analyses. Arq Bras Cardiol 2006; 87: 336–43.

40 Marin-Neto JA, Cunha-Neto E, Maciel BC, Simoes MV. Pathogenesis 
of chronic Chagas heart disease. Circulation 2007; 115: 1109–23.

41 Ntsekhe M, Mayosi BM. Cardiac manifestations of HIV infection: 
an African perspective. Nat Clin Pract Cardiovasc Med 2009; 6: 120–27.

42 Sendagire H, Easterbrook PJ, Nankya I, Arts E, Thomas D, 
Reynolds SJ. The challenge of HIV-1 antiretroviral resistance 
in Africa in the era of HAART. AIDS Rev 2009; 11: 59–70.

43 Liu QN, Reddy S, Sayre JW, Pop V, Graves MC, Fiala M. Essential 
role of HIV type 1-infected and cyclooxygenase 2-activated 
macrophages and T cells in HIV type 1 myocarditis. 
AIDS Res Hum Retroviruses 2001; 17: 1423–33.

44 Pugliese A, Isnardi D, Saini A, Scarabelli T, Raddino R, Torre D. 
Impact of highly active antiretroviral therapy in HIV-positive patients 
with cardiac involvement. J Infect 2000; 40: 282–84.

45 Cobb S, Anderson F, Bauer W. Length of life and cause of death 
in rheumatoid arthritis. N Engl J Med 1953; 249: 553–56.

46 Prior P, Symmons DP, Scott DL, Brown R, Hawkins CF. Cause 
of death in rheumatoid arthritis. Br J Rheumatol 1984; 23: 92–99.

47 Levin MD, Zoet-Nugteren SK, Markusse HM. Myocarditis and 
primary Sjogren’s syndrome. Lancet 1999; 354: 128–29.

48 Peltomaa R, Paimela L, Kautiainen H, Leirisalo-Repo M. Mortality in 
patients with rheumatoid arthritis treated actively from the time of 
diagnosis. Ann Rheum Dis 2002; 61: 889–94.

49 Enko K, Tada T, Ohgo KO, et al. Fulminant eosinophilic myocarditis 
associated with visceral larva migrans caused by Toxocara canis 
infection. Circ J 2009; 73: 1344–48.

50 Wu L, Cooper LT, Kephart G, Gleich GJ. The eosinophil in cardiac 
disease. In: Cooper L, ed. Myocarditis: from bench to bedside. 
Totowa, NJ: Humana Press, 2002: 437–53.

51 Daniels P, Berry G, Tazelaar H, Cooper L. Hypersensitivity 
myocarditis presenting histologically with fulminant giant cell 
myocarditis. Cardiovasc Pathol 2000; 9: 287–91.

52 Ben m’rad M, Leclerc-Mercier S, Blanche P, et al. Drug-induced 
hypersensitivity syndrome: clinical and biologic disease patterns 
in 24 patients. Medicine 2009; 88: 131–40.

53 Barton M, Finkelstein Y, Opavsky MA, et al. Eosinophilic 
myocarditis temporally associated with conjugate meningococcal C 
and hepatitis B vaccines in children. Pediatr Infect Dis J 2008; 
27: 831–35.

54 Cooper LT. Giant cell and granulomatous myocarditis. 
Heart Failure Clinics 2005; 1: 431–37.

55 Cooper LT Jr, Hare JM, Tazelaar HD, et al. Usefulness 
of immunosuppression for giant cell myocarditis. Am J Cardiol 2008; 
102: 1535–39.

56 Maekawa Y, Ouzounian M, Opavsky MA, Liu PP. Connecting 
the missing link between dilated cardiomyopathy and viral 
myocarditis: virus, cytoskeleton, and innate immunity. Circulation 
2007; 115: 5–8.

57 Cooper LT Jr. Myocarditis. N Engl J Med 2009; 360: 1526–38.
58 Liu PP, Opavsky MA. Viral myocarditis: receptors that bridge 

the cardiovascular. Circulation Res 2000; 86: 253–54.
59 Noutsias M, Fechner H, de Jonge H, et al. Human 

coxsackie-adenovirus receptor is colocalized with integrins alpha(v)
beta(3) and alpha(v)beta(5) on the cardiomyocyte sarcolemma and 
upregulated in dilated cardiomyopathy: implications for cardiotropic 
viral infections. Circulation 2001; 104: 275–80.

60 Coyne CB, Bergelson JM. Virus-induced Abl and Fyn kinase signals 
permit coxsackievirus entry through epithelial tight junctions. Cell 
2006; 124: 119–31.

61 Xiong D, Yajima T, Lim BK, et al. Inducible cardiac-restricted 
expression of enteroviral protease 2A is suffi  cient to induce dilated 
cardiomyopathy. Circulation 2007; 115: 94–102.



Seminar

www.thelancet.com   Vol 379   February 25, 2012 747

62 Fuse K, Chan G, Liu Y, et al. Myeloid diff erentiation factor-88 plays 
a crucial role in the pathogenesis of Coxsackievirus B3-induced 
myocarditis and infl uences type I interferon production. Circulation 
2005; 112: 2276–85.

63 Shi Y, Fukuoka M, Li G, et al. Regulatory T cells protect mice against 
coxsackievirus-induced myocarditis through the transforming 
growth factor beta-coxsackie-adenovirus receptor pathway. Circulation 
2010; 121: 2624–34.

64 Lee JK, Zaidi SH, Liu P, et al. A serine elastase inhibitor reduces 
infl ammation and fi brosis and preserves. Nat Med 1998; 4: 1383–91.

65 Lindenfeld J, Albert NM, Boehmer JP, et al. Executive summary: 
HFSA 2010 comprehensive heart failure practice guideline. 
J Card Fail 2010; 16: 475–539

66 Task Force for Diagnosis and Treatment of Acute and Chronic Heart 
Failure of European Society of Cardiology, Dickstein K, 
Cohen-Solal A, Filippatos G, et al. ESC guidelines for the 
diagnosis and treatment of acute and chronic heart failure 2008: the 
Task Force for the Diagnosis and Treatment of Acute and Chronic 
Heart Failure 2008 of the European Society of Cardiology. Developed 
in collaboration with the Heart Failure Association of the ESC (HFA) 
and endorsed by the European Society of Intensive Care Medicine 
(ESICM). Eur Heart J 2008; 29: 2388–442.

67 Hunt SA, Abraham WT, Chin MH, et al. 2009 Focused update 
incorporated into the ACC/AHA 2005 Guidelines for the Diagnosis 
and Management of Heart Failure in Adults. A Report of the 
American College of Cardiology Foundation/American Heart 
Association Task Force on Practice Guidelines developed in 
collaboration with the International Society for Heart and Lung 
Transplantation. J Am Coll Cardiol 2009; 53: e1–90.

68 Smith SC, Ladenson JH, Mason JW, Jaff e AS. Elevations of cardiac 
troponin I associated with myocarditis. Experimental and clinical 
correlates. Circulation 1997; 95: 163–68.

69 Park JP, Song J-M, Kim S-H, et al. In-hospital prognostic factors in 
patients with acute myocarditis. J Am Coll Cardiol 2009; 53: A144–97 
(abstr 1042–178).

70 Fuse K, Kodama M, Okura Y, et al. Predictors of disease course in 
patients with acute myocarditis. Circulation 2000; 102: 2829–35.

71 Nishii M, Inomata T, Takehana H, et al. Serum levels 
of interleukin-10 on admission as a prognostic predictor of human 
fulminant myocarditis. J Am Coll Cardiol 2004; 44: 1292–97.

72 Caforio AL, Tona F, Bottaro S, et al. Clinical implications of anti-heart 
autoantibodies in myocarditis and dilated cardiomyopathy. 
Autoimmunity 2008; 41: 35–45.

73 Nakashima H, Katayama T, Ishizaki M, Takeno M, Honda Y, Yano K. 
Q wave and non-Q wave myocarditis with special reference to clinical 
signifi cance. Jpn Heart J 1998; 39: 763–74.

74 Ukena C, Mahfoud F, Kindermann I, Kandolf R, Kindermann M, 
Böhm M. Prognostic electrocardiographic parameters in patients 
with suspected myocarditis. Eur J Heart Fail 2011; 13: 398–405.

75 Skouri HN, Dec GW, Friedrich MG, Cooper LT. Noninvasive imaging 
in myocarditis. J Am Coll Cardiol 2006; 48: 2085–93.

76 Mendes LA, Dec GW, Picard MH, Palacios IF, Newell J, Davidoff  R. 
Right ventricular dysfunction: an independent predictor of adverse 
outcome. Am Heart J 1994; 128: 301–07.

77 American College of Cardiology Foundation Task Force on Expert 
Consensus Documents, Hundley WG, Bluemke DA, Finn JP, et al. 
ACCF/ACR/AHA/NASCI/SCMR 2010 Expert Consensus Document 
on Cardiovascular Magnetic Resonance: a report of the American 
College of Cardiology Foundation Task Force on Expert Consensus 
Documents. Circulation 2010; 121: 2462–508.

78 Baccouche H, Mahrholdt H, Meinhardt G, et al. Diagnostic synergy 
of non-invasive cardiovascular magnetic resonance and invasive 
endomyocardial biopsy in troponin-positive patients without 
coronary artery disease. Eur Heart J 2009; 30: 2869–79.

79 Friedrich MG, Sechtem U, Schulz-Menger J, et al. Cardiovascular 
magnetic resonance in myocarditis: a JACC White Paper. 
J Am Coll Cardiol 2009; 53: 1475–87.

80 Mahrholdt H, Wagner A, Deluigi CC, et al. Presentation, patterns 
of myocardial damage, and clinical course of viral myocarditis. 
Circulation 2006; 114: 1581–90. 

81 Holzmann M, Nicko A, Kuhl U, et al. Complication rate of right 
ventricular endomyocardial biopsy via the femoral approach: 
a retrospective and prospective study analyzing 3048 diagnostic 
procedures over an 11-year period. Circulation 2008; 118: 1722–28.

82 Hill KD, Atkinson JB, Doyle TP, Dodd D. Routine performance 
of endomyocardial biopsy decreases the incidence of orthotopic heart 
transplant for myocarditis. J Heart Lung Transplant 2009; 28: 1261–66.

83 Yilmaz A, Kindermann I, Kindermann M, et al. Comparative 
evaluation of left and right ventricular endomyocardial biopsy: 
diff erences in complication rate and diagnostic performance. 
Circulation 2010; 122: 900–09.

84 Rezkalla SH, Raikar S, Kloner RA. Treatment of viral myocarditis 
with focus on captopril. Am J Cardiol 1996; 77: 634–37.

85 Saegusa S, Fei Y, Takahashi T, et al. Oral administration of 
candesartan improves the survival of mice with viral myocarditis 
through modifi cation of cardiac adiponectin expression. 
Cardiovasc Drugs Ther 2007; 21: 155–60.

86 Maron BJ, Ackerman MJ, Nishimura RA, Pyeritz RE, Towbin JA, 
Udelson JE. Task Force 4: HCM and other cardiomyopathies, mitral 
valve prolapse, myocarditis, and Marfan syndrome. J Am Coll Cardiol 
2005; 45: 1340–45.

87 Mason JW, O’Connell JB, Herskowitz A, et al. A clinical trial of 
immunosuppressive therapy for myocarditis. The Myocarditis 
Treatment Trial Investigators. N Engl J Med 1995; 333: 269–75.

88 Kishimoto C, Takada H, Hiraoka Y. Intravenous IgG: supertherapy 
for myocarditis and acute dilated cardiomyopathy. Circulation 1999; 
99: 975.

89 Drucker NA, Colan SD, Lewis AB, Beiser AS, Wessel DL, 
Takahashi M. Gamma-globulin treatment of acute myocarditis 
in the pediatric population. Circulation 1994; 89: 252–57.

90 Tedeschi A, Airaghi L, Giannini S, Ciceri L, Massari FM. High-dose 
intravenous immunoglobulin in the treatment of acute myocarditis. 
A case report and review of the literature. J Intern Med 2002; 
251: 169–73.

91 McNamara DM, Holubkov R, Starling RC, et al. Controlled trial 
of intravenous immune globulin in recent-onset dilated 
cardiomyopathy. Circulation 2001; 103: 2254–59.

92 Hia CP, Yip WC, Tai BC, Quek SC. Immunosuppressive therapy in 
acute myocarditis: an 18 year systematic review. Arch Dis Child 2004; 
89: 580–84.

93 Pages O, Aubert S, Combes A, et al. Paracorporeal pulsatile 
biventricular assist device versus extracorporal membrane 
oxygenation-extracorporal life support in adult fulminant 
myocarditis. J Thorac Cardiovasc Surg 2009; 137: 194–97.

94 Duncan B, Bohn D, Atz A, French J, Laussen P, Wessel D. 
Mechanical circulatory support for the treatment of children with 
acute fulminant myocarditis. J Thorac Cardiovasc Surg 2001; 
122: 440–48.

95 Reinhartz O, Hill J, Al-Khaldi A, Pelletier M, Robbins R, Farrar D. 
Thoratec ventricular assist devices in pediatric patients: update on 
clinical results. ASAIO J 2005; 51: 501–03.

96 Topkara V, Dang NC, Barili F, et al. Ventricular assist device use for 
the treatment of acute viral myocarditis. J Thorac Cardiovasc Surg 
2006; 131: 1190–91.

97 Moloney ED, Egan JJ, Kelly P, Wood AE, Cooper LT Jr. 
Transplantation for myocarditis: a controversy revisited. 
J Heart Lung Transplant 2005; 24: 1103–10.

98 Alvarez JA, Orav EJ, Wilkinson JD, et al, for the Pediatric 
Cardiomyopathy Registry Investigators. Competing risks for death 
and cardiac transplantation in children with dilated cardiomyopathy 
Circulation 2011; 124: 814–23.

99 Costanzo-Nordin MR, Reap EA, O’Connell JB, Robinson JA, 
Scanlon PJ. A nonsteroid anti-infl ammatory drug exacerbates 
Coxsackie B3 murine myocarditis. J Am Coll Cardiol 1985; 6: 1078–82.

100 Zipes D, Camm A, Borggrefe M, et al. ACC/AHA/ESC 2006 
Guideline for management of patients with ventricular arrhythmias 
and the prevention of sudden cardiac death. Circulation 2006; 
114: e385–484.


	Myocarditis
	Introduction
	Classification
	Common clinical scenarios associated with myocarditis
	Possible subclinical acute myocarditis
	Acute heart failure with DCM
	Myopericarditis resembling an acute coronary syndrome
	Syncope from ventricular arrhythmias or heart block
	Heart failure associated with progressive or chronic DCM


	Cause
	Pathogenesis
	Viral phase
	Immune activation after viral entry
	Innate immunity
	Acquired immunity

	Myopathy phase

	Diagnosis
	Treatment according to clinical scenario
	Possible subclinical acute myocarditis
	Probable acute myocarditis
	Chronic DCM
	Myopericarditis resembling an acute coronary syndrome
	Syncope from ventricular arrhythmias or heart block

	Summary
	References


