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which was confirmed by cardiac MRI.

echocardiographic results.

Introduction: The diagnosis of myocarditis based on a spectrum of findings, including symptoms, clinical examination,
electrocardiography, biomarkers, and echocardiography, can be non-specific. Cardiac magnetic resonance imaging (MRI), has become the
primary noninvasive technique in patients with suspected myocarditis in some countries.

Case Presentation: We present a case with a typical picture of myocarditis but normal echocardiographic findings, the diagnosis of

Discussion: In particular, cardiac MRI data are useful in borderline cases or in the presence of discrepancy between clinical picture and
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1. Introduction

Myocarditis is a disease manifested by inflammation
and damage in the heart muscle (1). The cause of myo-
carditis is varied and comprises viral infections, autoim-
mune diseases, environmental toxicity, and sometimes
adverse reactions to medications (2). Because of non-
specific symptoms, different modalities can be used to
assess suspicious cases of myocarditis. Cardiac magnet-
ic resonance imaging (MRI) has recently become one of
the primary noninvasive imaging tools in the diagnosis
of myocarditis (2) and is a more sensitive imaging mo-
dalities than echocardiography for diagnosing acute fo-
cal myocarditis (3).

In this study, we present an interesting case of myo-
carditis, confirmed by cardiac MRI data despite normal
echocardiographic findings, to underscore the signifi-
cance of employing more than one imaging approach
as the unique strength of one method may offset the
limitation of another.

2. Case Presentation

A17-year-old man presented to the emergency depart-
ment complaining of palpitation and chest pain over
the preceding 48 hours. The patient's past medical his-
tory was unremarkable. He had stable vital signs (tem-
perature = 37.3°C, blood pressure = 110/70 mmHg, and
heart rate = 85 bpm), and his physical examination was
normal. Laboratory studies illustrated a WBC count of

12.3 x 103 mL (reference range= 4-10.8 x 103 mL), tropo-
nin I of1.29 mg/L (reference range < 0.01 mg/L), CRP of 14
mg/L (reference = 0.1-6 mg/L), and SGOT of 111 units (ref-
erence range <40 unit).

Electrocardiography (ECG) on admission showed nor-
mal sinus rhythm at a rate of 66 bpm with diffuse ST
evaluation (except for aVR). After 72 hours, a diffuse T-
wave inversion was seen on ECG.

Transthoracic echocardiography 48 hours after symp-
tom onset revealed a completely normal left ventricular
(LV) systolic and diastolic study with an ejection frac-
tion (EF) of 55%. Additionally, tissue Doppler imaging
(TDI) velocities for the septal and lateral walls of the
LV and also the right ventricular (RV) free wall were all
normal. However, based on high clinical and laboratory
suspicion of myocarditis, cardiac MRI was performed
ultimately (12 hours after echocardiography): the diag-
nosis was definite myocarditis despite normal echocar-
diography.

In steady-state free-precession cine MRI sequences,
there was hypokinesia of the mid lateral and mid poste-
rior segments, associated with a mildly reduced LV sys-
tolic function (LVEF = 53%). In short-tau inversion recov-
ery sequences, there was an increased signal intensity
of the mid myocardium (especially at the lateral and
septal segments), indicative of myocardial edema. The
signal intensity (SI) ratio of myocardium over skeletal
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muscle was 2.2 (normal reference < 2.0) (Figure 1). In
early gadolinium enhancement (EGE) sequences, there
were an increased signal intensity of the mid postero-
lateral segments, indicative of hyperemia, and a capil-
lary leakage; moreover, the EGE ratio was 4.0 (normal
reference < 4.0). In late gadolinium enhancement (LGE)
sequences, multiple patchy sub-epicardial gadolinium
enhancements, particularly in the apical and postero-
lateral segments, were seen, indicative of myocardial
injury (Figure 2). Based on the mentioned findings, the
cardiac MRI final diagnosis of the patient was consistent
with active myocarditis. This patient was discharged af-
ter medication and in good condition without any com-
plication.

Figure 1. Short-Tau Inversion Recovery Sequence, Showing Increased Sig-
nal Intensity of the Mid Myocardium, Especially at the Lateral and Septal
Segments

Figure 2. Late Gadolinium Enhancement Sequence, Showing sub-Epicar-
dial Gadolinium Enhancement at the Posterolateral Segments

3. Discussion

Echocardiography has an important role in the diagno-
sis of myocarditis. Multiple studies have specifically as-
sessed the role of transthoracic echocardiography (4) for
the diagnosis of myocarditis. In a retrospective analysis
by Pinamonti (4) among 42 patients with biopsy-proven
myocarditis, 69% had LV dysfunction and 23% had RV dys-
function but interestingly among patients with chest
pain or heart block as an initial presentation, echocar-
diography almost always showed preserved ventricular
size and function. Thus, although echocardiography
can assist in the diagnosis of myocarditis and be recom-
mended as an initial diagnostic step, it is relatively non-
specific. The versatile cardiac MRI technology is helpful
to identify inflammatory tissue characteristics (5).

There are three criteria for the diagnosis of myocardi-
tis (5, 6): 1) inflammatory edema; 2) hyperemia [capillary
leakage; and 3) necrosis and or fibrosis. Edema is defined
as a regional or global myocardial signal intensity in-
crease in T2-weighted images (global SI increase is de-
fined as a signal intensity ratio of myocardium over skele-
talmuscle >2.0).Hyperemia/capillary leakage is defined
as a global myocardial EGE ratio between myocardium
and skeletal muscle > 4.0 in gadolinium enhanced TiI-
weighted images. Necrosis or fibrosis can be evaluated
using TIW images later after contrast images (LGE) and is
defined as abnormal delayed myocardial enhancement
without a vascular territory. Using two positive out of
the three criteria yields a diagnostic accuracy of approxi-
mately 80% in diagnosing myocarditis (6).

Of course, cardiac MRI has some limitations in diagnos-
ing myocarditis (7). T2W images have a lower signal-to-
noise ratio and are, as such, incapable of detecting small
regions of inhomogeneity. The involvement of skeletal
muscle in systemic inflammation may limit the sensitivi-
ty of signal intensity analysis normalized to skeletal mus-
cle. The LV outflow tract and the membranous septum
may mimic septal LGE in the short axis-view and cause
false-positive results. Also, the fusion of the RV moderator
band to the interventricular septum can lead to a region
of increased signal, representing pathological LGE.

In our patient, myocarditis was confirmed by cardiac
MRI despite normal echocardiographic results. Echocar-
diography, albeit one of the first diagnostic modalities
in detecting active myocarditis, is relatively non-specific.
Cardiac MRI using quantitative Tt and T2 mapping dem-
onstrated conclusive evidence in favor of myocarditis. Ac-
cordingly, cardiac MRI is the most promising technique
for diagnosing myocardial inflammation and even sub-
tle injuries.
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