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OBJECTIVES The aim of this study was to determine whether clinical presentation and type of cell

death in acute myocarditis might contribute to cardiac magnetic resonance (CMR) sensitivity.

BACKGROUND Growing evidence indicates CMR is the reference noninvasive tool for the diagnosis

of acute myocarditis. However, factors affecting CMR sensitivity are still unclear.

METHODS We retrospectively evaluated 57 consecutive patients with a diagnosis of acute myocar-

ditis made on the basis of clinical history (#3 months) and endomyocardial biopsy evidence of lympho-

cytic infiltrates ($14 infiltrating leukocytes/mm2 at immunohistochemistry) in association with damage

of the adjacent myocytes and absence or minimal evidence of myocardial fibrosis. CMR acquisition

protocol included T2-weighted (edema), early (hyperemia), and late (fibrosis/necrosis) gadolinium

enhancement sequences. Presence of $2 CMR criteria denoted myocarditis. Type of cell death was eval-

uated by using in situ ligation with hairpin probes.

RESULTS Three clinical myocarditis patterns were recognized: infarct-like (pattern 1, n ¼ 21), cardio-

myopathic (pattern 2, n ¼ 21), and arrhythmic (pattern 3, n ¼ 15). Tissue edema was observed in 81%

of pattern 1, 28% of pattern 2, and 27% of pattern 3. Early enhancement was evident in 71% of pattern

1, 67% of pattern 2, and 40% of pattern 3. Late gadolinium enhancement was documented in 71% of

pattern 1, 57% of pattern 2, and 47% of pattern 3. CMR sensitivity was significantly higher in pattern

1 (80%) compared with pattern 2 (57%) and pattern 3 (40%) (p < 0.05). Cell necrosis was the prevalent

mechanism of death in pattern 1 compared with pattern 2 (p < 0.001) and pattern 3 (p < 0.05), whereas

apoptosis prevailed in pattern 2 (p < 0.001 vs. pattern 1 and p < 0.05 vs. pattern 3).

CONCLUSIONS In acute myocarditis, CMR sensitivity is high for infarct-like, low for cardiomyopathic,

and very low for arrhythmic clinical presentation; it correlates with the extent of cell necrosis–promoting

expansion of interstitial space. (J Am Coll Cardiol Img 2014;7:254–63)ª 2014 by the American College of

Cardiology Foundation
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C
linical diagnosis of acute myocarditis is often
challenging due to the wide spectrum of its
presentations, ranging from a subclinical
disease characterized byflu-like symptoms to

an “infarct-like” syndrome with acute chest pain or to
sudden death related to the new onset of arrhythmias
and complete heart block (1). The true incidence of
this condition is therefore unknown and certainly
underestimated in the community. The diagnosis is
usually presumptive, and serologic test results and
conventional imaging tools such as echocardiography
or selective coronary angiography fail to provide a
definite diagnosis in most of the cases (1). For these
reasons, endomyocardial biopsy (EMB), with use of
the Dallas criteria, immunohistochemistry, and po-
lymerase chain reaction for viral genomes, is still
regarded as the diagnostic gold standard technique
providing additional insight about possible underly-
ing etiologies and pathogenic mechanisms (2).

Establishing a correct diagnosis of the disease
may be crucial for a tailored therapeutic strategy
(immunosuppressive, immunomodulatory, and/or
antiviral) to reduce risk of progression to chronic
active disease and dilated cardiomyopathy (3).
However, widespread utilization of the EMB is
limited in clinical practice by its invasiveness and
by the possible associated inherent procedural risks;
its use in acute myocarditis has been indicated when
functional impairment, malignant arrhythmias, or
failure of supportive treatment occur (4).

In this clinical setting, cardiac magnetic resonance
(CMR) has become the reference noninvasive diag-
nostic tool allowing identification of the various hall-
marks of myocardial inflammation represented by
edema, fibrosis, and hyperemia and combining its
unique tissue characterization capabilities with assess-
mentof biventricular regional andglobal function (5–8).

Clinical experience, however, has shown thatCMR
signal abnormalities are variably observed in acute
myocarditis, and sensitivity of the examinationmay be
influenced by the pattern and extent of myocardial
involvement, which actually reflects clinical presen-
tation of disease. In the present article, we report
CMR sensitivity in 57 patients with biopsy-proven
acute myocarditis and its relationship with type of
clinical presentation and mechanism of cell death.

METHODS

Patient population. We retrospectively reviewed
our clinical database of 118 patients admitted to

our institution during a 3-year period (from
March 2008 to April 2011) with a clinical suspi-
cion of acute myocarditis (clinical history #3
months) who underwent both CMR and EMB.
Fifty-seven patients (48%) had a histological
diagnosis of acute myocarditis based on histology
and immunohistochemistry and represented our
patient population. In particular, the histologic
diagnosis of acute myocarditis included evidence of
lymphocytic infiltrates in association with damage
of the adjacent myocytes, according to the Dallas
criteria (9) implemented by the immunohisto-
chemical definition of inflammatory cells ($14
infiltrating leukocytes/mm2, preferably T lympho-
cytes or activated T cells) (10) and the absence or
minimal evidence of myocardial fibrosis, suggesting
an acute process.

Patients were excluded from the analysis if there
was evidence of significant coronary artery
disease or valvular abnormalities, systemic
diseases, and a clinical history $3 months.
The local ethics committee provided ap-
proval for this investigation, and the patients
gave their written informed consent.
CMR acquisition protocol. CMR imaging
was performed with a 1.5-T system (Mag-
netom Avanto, Siemens Medical Systems,
Erlangen, Germany) using a body and
phased array coil. The body coil was adop-
ted for measurements of the relative signal
intensities of the myocardium and skeletal
muscle because of its more homogeneous
signal.

Cine steady-state free precession (cine-
SSFP) CMR images were acquired during
breath-holds in the short-axis, 2-chamber, and 4-
chamber planes; on short-axis images, the left
ventricle was completely encompassed from the base
to the apex, acquiring a total of 10 to 12 images.Cine-
SSFP images were obtained using the following pa-
rameters: repetition time 51.3, echo time 1.21, a flip
angle of 45�, an 8-mm slice thickness, a matrix
of 256 � 256, a field of view ranging from 340 to
400 mm, and a voxel size of 2.0 � 1.3 � 8.0 mm.

For T2-weighted short-tau inversion recovery
(T2w-STIR) imaging, a breath-hold black-blood,
segmented turbo spin echo technique was adopted,
using a triple inversion recovery preparation module
(repetition time, 2 R-to-R intervals; echo time 75 ms;
flip angle 180�; inversion time 170 ms; slice thick-
ness 8 mm; no interslice gap; field of view 340
to 400 mm; matrix 256 � 256; and voxel size
2.3 � 1.3 � 8 mm). Technical details of this
sequence have been described elsewhere (11).
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A B B R E V I A T I O N S

A N D A C R O N YM S

Cine-SSFP = cine steady-state

free precession

CMR = cardiac magnetic

resonance

ECG = electrocardiogram

EER = early enhancement ratio

EMB = endomyocardial biopsy

Gd-BOPTA = gadobenate

dimeglumine

LGE = late gadolinium

enhancement

LV = left ventricular

T2w-STIR = T2-weighted short-

tau inversion recovery
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