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Variable Clinical Presentation in Adult Patients 
with Acute or Chronic Myocarditis

Data from the European Study of Epidemiology and Treatment of Cardiac Inflammatory Diseases

Asympt or Mildly Sympt ACS-like Sympt

Chronic HF-like Sympt

Acute HF-like Sympt

Hufnagel G et al. Herz 2000

True incidence is difficult to determine since clinical presentation varies widely 
and only 10% of cases leads to clinical symptoms!



N = 82 pts. with EMB-proven acute myocarditis



Limited Accuracy of the Traditional 
Diagnostic Approaches to Myocarditis 

Findings

History/physical exam Recent infection, 
SCA-like, HF-like 

Electrocardiogram ST-segment and T-wave changes, 
arrhythmias

Biomarkers Serum release of 
CK, CK-MB, TnI, TnT

Ventricular function analysis Regional dysfunction, 
global dysfunction

Histological study Cellular infiltration,
Edema, necrosis

Lab results:
• ↑ Erythrocyte sedimentation rate

• ↑ C-reactive protein

• ↑ Leukocyte count

• ↑ Biomarkers of myocardial injury

Sensitivity

Chest pain 30%

ECG abnormalities 50%

Troponin elevation 35-50%

Regional/global LV dysfunction 65%

The diagnosis of myocarditis is often based merely on suspicion!



Management of Myocarditis and 
Lack of an Accurate Diagnostic Modality

• Uncertainty of diagnosis at presentation

• Difficulties in monitoring disease course

• Poor capability of risk stratification

• Weakness of trial design for the evaluation of specific 
treatment regimens



Diagnosis of Myocarditis by EMB

Death of Dallas Criteria
Baughman KL, Circulation 2006

Diagnosis of Myocarditis by CMR

Birth of Lake Louise Criteria
Friedrich MG, J Am Coll Cardiol 2009

• Non invasive approach
• Global LV and RV evaluation
• Multi-parametric assessment

• Sampling error (low sensitivity)
• Variation in expert interpretation
• Variance of traditional histopathological
findings with other markers of viral infection and
immune activation in the heart
• Importance of immunohistological and
molecular biological techniques on biventricular
samples



By Echo

A: Lymphocytic 

B: Eosinophilic

C: Giant cell 

D: Sarcoid 

N = 4221 pts. submitted to EMB (1983-2010)

Selective RV EMB (671; 15.9%)
Selective LV EMB (1153; 27.3%)
Biventricular EMB (2396; 56.8%)



Schultheiss H et al. Eur Heart J 2011



Diagnosis of Myocarditis by EMB

Death of Dallas Criteria
Baughman KL, Circulation 2006

• Sampling error (low sensitivity)
• Variation in expert interpretation
• Variance of traditional histopathological
findings with other markers of viral infection and
immune activation in the heart
• Importance of immunohistological and
molecular biological techniques on biventricular
samples

Diagnosis of Myocarditis by CMR

Birth of Lake Louise Criteria
Friedrich MG, J Am Coll Cardiol 2009

• Non invasive approach
• Global LV and RV evaluation
• Multi-parametric assessment



Cardiovascular Magnetic Resonance in Myocarditis
Friedrich M.G. et al. for the International Consensus Group on CMR in Myocarditis, J Am Coll Cardiol 2009

Tissue pathology in 
active myocarditis

Edema/inflammation

Hyperemia/capillary leakage

Necrosis/fibrosis

Early Post-Gd Enhancement

Late Post-Gd Enhancement

T2-weighted STIR



Diagnostic Accuracy of CMR Tissue Criteria in 
Detecting Myocarditis

Friedrich M.G. et al. for the International Consensus Group on CMR in Myocarditis, J Am Coll Cardiol 2009

Proposed Diagnostic CMR 
Criteria for Myocarditis
(≥2 criteria need to be satisfied)

1. Regional or global ↑SI in T2W STIR images
2. ↑ myocardium/skeletal muscle SI ratio in early post-Gd T1W images
3. ≥1 focal area of nonischemic enhancement in late post-Gd T1W images

Sensitivity 
(%)

Specificity 
(%)

Accuracy 
(%)

PPV 
(%)

NPV 
(%)

T2W STIR 70 71 70 77 63

Early Post-Gd Enhancement 74 83 78 86 70

Late Post-Gd Enhancement 59 86 68 89 53

Combination (any 2 of 3) 67 91 78 91 69

Ischemia

Myocarditis



T.R.
36 year-old male
Intense chest pain after 3 days with fever (zenith = 39.1°C)
No  CV risk factors
TnI = 5.18 ng/dl
Echo unremarkable
Coronary angiography  −

Cine
(Function) 

Late Enhancement
(Necrosis/Fibrosis) 

T2 STIR
(Edema/Inflammation) 



Role of CMR in Patients Presenting with Chest Pain, 
Raised Troponin, and Unobstructed Coronary Arteries

N= 79 pts resting chest pain, ↑ Tn and CAD (–) by cath 
92% with abnormal ECG on presentation (40% with ↑ST)
Median symptoms-CMR interval = 15 days 

Monney PA et al. Heart  2011
Assomull RG et al. Eur Heart J 2007



N = 26 studies using CMR
Overall prevalence of MINOCA = 6%

Routine evaluation of MINOCA should include CMR imaging, 
together with provocative spasm testing, and thrombophilia assessment



Hub-Spoke Model 
for Cardiac MRI 

Cardiac 
MRI

Laboratorio 
RM Cardiaca

Clinica Villa dei Fiori 
(Acerra, Napoli)

∼5% in ambulanza 
da altri Ospedali





L. L.
Maschio; 15 anni
Scompenso cardiaco acuto à assistenza ventricolare à trapianto cardiaco

FE VSx = 18%
FE VDx = 24%

Braunwald's Heart Disease: A Textbook of Cardiovascular Medicine, 8th ed 

Fulminant

Eosinophilic



N =  57 pts with lymphocytic acute myocarditis by EMB
Apoptosis

Necrosis



Proposed Diagnostic and Therapeutic Algorithm for Suspected Myocarditis

Kindermann I et al. 
J Am Coll Cardiol 2012



Prognostic Significance of LGE Areas in 
Patients with Suspected Myocarditis



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

Grün S. et al. J Am Coll Cardiol 2012

HR: 8.4, p =0.004

HR: 12.8, p <0.01

N=0 in No LGE Group

(4.7 years)

LGE Present

No LGE



N =  405 pts undergoing CMR for clinically suspected myocarditis (2007-2008)

Symptoms = chest pain (53.6%); dyspnea (33.8%); palpitations (22.7%)

Median follow-up = 1591 days 

Normal CMR =  normal LV volumes and EF, no LGE



Presentation, Patterns of Myocardial Damage, and Clinical
Course of Viral Myocarditis

Mahrholdt H et al. Circulation 2006

N= 87 pts with clinically-defined myocarditis
CMR study first and then EMB

Presentation LGE Patterns Clinical
Course

Parvovirus B19 
(PVB19) 

ACS-like Subepicardial
lateral wall

Recovery

Human herpes 
virus 6 (HHV6)

Heart
failure

Intramyocardial
spetum

CHF

PVB19 + 
HHV6

Heart
failure

Intramyocardial
septum

CHF



Studio retrospettivo multicentrico
9 Centri RM cardiaca
N = 413 pz consecutivi con sospetta

miocardite acuta (confermata alla RM)
Eventi = 26 eventi

ITAlian CMR on MYocarditis 
(ITAMY)

Di Bella G, Aquaro GD, Monti L, Camastra G, Dellegrottaglie S, Pepe A, Pontone G, Perrazolo M, Lanzillo C, C Moro. 
On behalf of the working group “Applicazioni della Risonanza Magnetica” of the Italian Society of Cardiology

- Area Nord:
Padova Azienda Ospedaliera
Milano Monzino 
Milano Humanitas Rozzano

- Area Centro:
Pisa IFC Monasterio
Roma ospedale Vannini
Roma Pol.Casilino
RomaSan Giovanni di Dio

- Area Sud:
Napoli Clinica Villa dei Fiori Acerra
Messina Pol. Martino 



ITAlian CMR on MYocarditis 
(ITAMY)

- Preliminary Results

N = 29 (7%) N = 24 (6%) N = 360 (87%)

Di Bella G et al on behalf of the working group “Applicazioni della Risonanza Magnetica”
Of the Italian Society of Cardiology



ITAlian CMR on MYocarditis 
(ITAMY)

- Preliminary Results

N = 24 (6%) N = 360 (87%)

Di Bella G et al on behalf of the working group “Applicazioni della Risonanza Magnetica”
Of the Italian Society of Cardiology

P < 0.0001

LGE Septum



Clinical Use and Utility of CMR in Patients with Suspected Myocarditis

Ghelani SJ et al. Circ Cardiovasc Qual Outcomes 2012

Di Bella G et al. J Cardiov Med 2011

Euro



Radiologists and Cardiologists for Cardiac MRI:
Fight or Collaboration? 

Current Situation

Levin DC et al. Am J Roentgenol 2002



Cardiac MRI: an Underused Modality 

Radiologist’s Faults

- Scarce propensity for 
collaboration with cardiologists 
(bad experiences with invasive 
angio and echo in the past) 
- Limited interest in developing 
strong cardiac MRI services (low 
revenue) 
- On average, inadequate 
knowledge of CV pathophysiology 
and capacity to put imaging 
findings in the right clinical context

Cardiologist’s Faults

- Cardiac MRI is poorly represented 
in residency programs (inadequate 
knowledge of indications and how 
to use imaging information)
- Self-referral possibility favors 
other imaging modalities (echo, 
SPECT)
- No MRI scanners in cardiology 
departments





Conclusions
1- CMR imaging offers a unique combination of safety, feasibility
and accuracy in detecting myocarditis

2- CMR-based diagnostic criteria for myocarditis have been
recently defined

3- Data from large multicenter trials with standardized protocols
comparing CMR studies to biopsy-derived criteria are lacking

4- The prognostic value of CMR criteria for myocarditis begins
to be defined

5- Compared with EMB, information about the degree of
inflammation, the presence of special forms of myocarditis [e.g.,
giant cell or eosinophilic myocarditis, which require specific
therapies], or the presence and type of virus is not provided

6- Probably, CMR has already become the major diagnostic tool
to rule out myocarditis
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Radiology Oriented 
Imager

Limited Scanner/Operator Availability for 
Cardiac MRI 

Cardiologist

General Imaging 
Sessions

Cardiology Oriented 
Imager

Dedicated Imaging 
Sessions



Relationship of Cardiac MR Findings to 
Clinical Outcome in Patients with Myocarditis

Late Gadolinium 
Enhancement

Mahrholdt H et al. Circulation 2004

3-month follow-up

Barone-Rochette G et al. J Magn Res Imag 2013

3-Month FU Reduced
LGE

3-Month FUStable/Increased
LGE

1-year Events (Death, 
Heart Tx, Recurrence) 

p = 0.02



First course of 
doxycycline 

Second course of 
doxycycline 

32 year-old male
Intense chest pain
Recent diagnosis of 
C. trachomatis epididymitis
TnI = 2.28 ng/dl

Infection2014;42:937-940



Histopathological, Immunohistological and Molecular Biological Findings 
in Hearts of Patients With Myocarditis

Kindermann I et al. J Am Coll Cardiol 2012

Necrotic 
myocytes

Kindermann I et al. Circulation 2008

(N=181 pts with suspected myocarditis)

CD3+ T 
Lymphocytes

CD68+  
Macrophages

Fibrosis

In situ hybridization 
PVB19 nucelic acid

In situ hybridization 
Enterovirus nucelic acid
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T1 Mapping in Patients with Suspected Myocarditis

Radunski UK et al. J Am Coll Cardiol Img 2014 Luetkens JA et al. Radiology 2014

N = 104 pts with myocarditis

N = 32 pts with
myocarditis

AUC = 0.86

AUC = 0.97

AUC = 0.99



Bioptome

Specimen

In a group of 755 pts. the major complication
rate for LV-EMB was 0.64% and for RV-EMB
0.82%.

Diagnostic EMB results were achieved
significantly more often in those patients who
underwent biventricular EMBs (79.3%)
compared to those who underwent either
selective LV-EMB or selective RV-EMB (67.3%;
P<0.001).

Yilmaz A et al. Circulation 2010



DE-CMR in Patients With Chronic Myocarditis
Presenting With Heart Failure or Recurrent Arrhythmias

De Cobelli F, Pieroni M, Esposito A et al. J Am Coll Cardiol 2006

N= 23 pts with chronic myocarditis defined as
>6 months CHF and/or repetitive ventricular arrhythmias
+ non history of recent infection
+ acute/borderline myocarditis by biventricular EMB

Mid-wall LE
(62.5%)

Sub-epicardial LE
(37.5%)

LE + = 70% of pts



A.G.
Maschio; 46 anni
Diagnosi cardiomiopatia dilatativa (2009)
FE VSx = 23%
Coronarie esenti da stenosi (2009)



CMR Assessment of Human Myocarditis
A Comparison to Histology and Molecular Pathology

Mahrholdt H et al. Circulation 2004

N= 32 pts with clinically-defined myocarditis
CMR study first and then EMB

Areas of LE in 88% of patients!!!

19/21 (90%) Positive EMB in LE (+) sites

1/11 (9%) Positive EMB in LE (–) sites



Comparative Evaluation of LV and RV Endomyocardial Biopsy:
Differences in Complication Rate and Diagnostic Performance

Yilmaz A et al. Circulation 2010

N= 292 pts with biventricular EMB for 
suspected myocarditis
LE-CMR only 

There were no differences in the 
number of positive EMB findings 

when related to the site of 
CMR– based LE



Diagnostic Synergy of Cardiac MR and EMB in 
Troponin-positive Patients Without CAD

Baccouche H, et al. Eur Heart J 2009

N= 82 pts. with TnI-positive acute chest pain
No significant coronary disease
CMR with LE imaging only
RV and/or LV EMB guided by CMR with
dectection of viral genomes



Indications for CMR in Patients 
With Suspected Myocarditis

Friedrich M.G. et al. for the International Consensus Group on CMR in Myocarditis, J Am Coll Cardiol 2009



Relationship of Cardiac MR Findings to 
Long-Term Outcome in Patients with Myocarditis

Wagner A et al. MAGMA 2003

R2=0,39
p<0.01

Early Post-Gd 
Enhancement

R=-0,30
p<0.001



The Prognostic Implications of 
Cardiovascular Magnetic Resonance

Flett AS et al. Circ Cardiovasc Imaging 2009



Imaging Myocardial Damage with Cardiac MRI

Normal Myocardium

Modified from Friedrich M. Nat Rev Cardiol 2010

Acutely Damaged Myocardium

Viral Replication Inflammation

↑ Free Water T2-weighted STIR

↑ Capillary Permeability

↑ Blood Flow
Early Post-Gd Enhancement

↑ Extracellular space

Cell membrane rupture
Late Post-Gd Enhancement



Differential Diagnosis of Suspected Apical
Ballooning Syndrome Using Contrast-Enhanced MRI

Eitel I. et al. Eur Heart J 2008

N= 59 ACS pts with normal coronary vessels and apical ballooning by cath
(suspected Tako-Tsubo based on Mayo Clinic Criteria)

End-diastole End-systole

MI (13, 22%)

Myocarditis (8, 14%)

Takotsubo (38, 64%)



Age and Gender Effects on the Extent of 
Myocardial Involvement in Acute Myocarditis

Cocker M.S. et al. Heart 2009

N= 65 pts with clinically acute myocarditis

<40 years old

Female Male



M.L.
17 year-old female
Acute viral myocarditis

Monitoring Effects of Therapy at the Myocardial Level 
by Cardiac MR in Patients with Myocarditis
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EuroCMR Registry
Results of the German Pilot Phase

Bruder O. et al. J Am Coll Cardiol 2009

N= 11,040 from 20 Centers

From April 2007 and January 2009



Variable Clinical Presentation in Adult Patients 
with Acute or Chronic Myocarditis

Data from the European Study of Epidemiology and Treatment of Cardiac Inflammatory Diseases

Asympt or Mildly Sympt ACS-like Sympt

Chronic HF-like Sympt

Acute HF-like Sympt

Hufnagel G et al. Herz 2000

True incidence is difficult to determine since clinical presentation varies widely 
and only 10% of cases leads to clinical symptoms!



Published Controlled Studies on 
Cardiovascular Magnetic Resonance in Myocarditis

Friedrich M.G. et al. J Am Coll Cardiol 2009



CMR Assessment of Human Myocarditis
A Comparison to Histology and Molecular Pathology

Mahrholdt H et al. Circulation 2004

N= 32 pts with clinically-defined myocarditis
CMR study first and then EMB



Relationship of Cardiac MR Findings to 
Clinical Outcome in Patients with Myocarditis

Late Gadolinium 
Enhancement

Mahrholdt H et al. Circulation 2004

3-month follow-up

Mahrholdt H et al. Circulation 2006



Acute phase

2-Month Follow-up

5-Month Follow-up

G. T.
32 year-old male
Intense chest pain
Recent diagnosis of C. trachomatis epididymitis
TnI = 2.28 ng/dl

Dellegrottaglie S, Russo G, Damiano M, Pagliano P, Ferrara L, De Simone C, Guarini P (Submitted)

A Case of Acute Myocarditis Associated with 
Clamydia Trachomatis Infection: 

Role of Cardiac MRI in the Clinical Management 



cMRI Echo

EMB

the three musketeers


