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Acute myocarditis is defined as inflammation of the myo-
cardium, most often caused by viral infection or an autoim-
mune process. Myocarditis can lead to life-threatening
arrhythmias or cardiogenic shock, chronic dilated cardiomy-
opathy, or spontaneous recovery. Conceptually, the patho-
genesis of myocarditis can be divided into three stages: an
initial viral proliferation phase, followed by immunologic
response and inflammation, and finally myocardial remod-
eling and fibrosis (1). The latter two processes are particu-
larly amenable to imaging by cardiovascular magnetic reso-
nance (CMR).
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Autopsy series of consecutive cases have demonstrated an
incidence of myocarditis at approximately 1%. However,
myocarditis is seriously under-diagnosed clinically. It is
often a default diagnosis when patients present with unex-
plained symptoms of heart failure or chest pain but the
coronary arteries were found to be normal on angiography.
Part of the challenge is that the current modalities for
diagnosis or prognosis remain poor. The commonly dis-
cussed modalities and their reported sensitivities and spec-
ificities are outlined in Table 1.

The gold standard has been traditionally viewed as
pathology based on myocardial biopsy. However, it gener-
ally is considered to be very specific but too insensitive for
clinical use, mostly because of the patchy nature of the
disease. Indium-111 antimyosin scan is sensitive but rela-
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tively non-specific. Therefore, a more accurate and nonin-
vasive modality is needed clinically to diagnose myocarditis
and potentially evaluate prognosis and treatment efficacy.

DIAGNOSTIC ADVANTAGE OF CMR FOR MYOCARDITIS

Cardiovascular magnetic resonance imaging is inherently
attractive for the detection of myocarditis because CMR
visualizes the entire myocardium, which is ideal for a patchy
process such as myocarditis. It also is sensitive to changes in
tissue composition, which is altered in inflammation.

The acute inflammatory process in myocarditis involves
local cytokine release and mobilization of inflammatory cell
and subsequently antibodies and complement to the foci of
activity (2,3). In the subacute phase, the tissue undergoes
remodeling with local cell necrosis, increased vascular per-
meability, tissue edema, and finally fibrosis (1). By altering
inherent tissue relativity signatures and contrast kinetics,
these processes can be readily detected by CMR.

In terms of intrinsic sensitivities to cardiac inflammation,
the tissue T, relaxation time is inherently an indicator of
tissue water content, which is increased in inflammation or
necrosis, such as during myocardial infarction or myocardi-
tis. The study by Abdel-Aty et al. (4) in this issue of the
Journal used a T,-sensitive imaging sequence to study 25
patients with suspected myocarditis and 23 control subjects.
The increase in T, signal intensity demonstrated a sensitiv-
ity of 84% and specificity of 74% in distinguishing the
myocarditis population from control subjects. The T, values
also correlated with markers of cardiac injury in this popu-
lation, likely reflecting the degree of local acute tissue
necrosis and tissue edema.

To enhance the detection of pathology on CMR,
gadolinium-diethylene triamine pentaacetate (DTPA) is an
approved extracellular T;-enhancing contrast agent. Abdel-
Aty et al. (4) also demonstrated higher levels of global
myocardial enhancement after gadolinium infusion, likely
secondary to increased membrane permeability or increased
capillary blood flow. The former process is likely the major
contributor because inflammation damages cell membrane
through both T-cell perforin and B-cell antibody/
complement-mediated mechanisms. The resulting increase
in volume of distribution leads to the accumulation of
extracellular imaging labels such as gadolinium-DTPA.

Interestingly, Abdel-Aty et al. (4) also have found that
late gadolinium enhancement was present in approximately
half of patients with myocarditis. This finding is similar to
findings in patients with myocardial infarction and confers
specificity to myocardial necrosis. The exact pathophysio-
logical mechanism is not certain, but recent pathological
correlation studies in patients with hypertrophic cardiomy-
opathy suggest that the local formation of collagen bundles
may provide a framework for this phenomenon (5), which
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may explain the higher frequency of late gadolinium en-
hancement observed in subacute myocarditis, when healing
has begun to take place and the laying down of collagen
framework is in progress.

CLINICAL APPLICATION OF CMR
IN MYOCARDITIS—COMPARISON
WITH OTHER STUDIES TO DATE

The study by Abdel-Aty et al. (4) is the latest and the most
comprehensive of a series of studies by various investigators
in the application of CMR, particularly with contrast, to
diagnose myocarditis (6—8). All the studies recognize the
patchy abnormalities to be regional, temporally variable, and
that the sensitivity of detection is enhanced by the applica-
tion of contrast agents. Several studies also have noted a
general increase in global myocardial enhancement in
peripheral muscle during the acute phase, suggesting
generalized peripheral muscle changes in addition to the
myocardium during acute myocarditis that is hitherto
unrecognized. The overall sensitivities and specificities of
the various studies are illustrated in Figure 1. The study by
Abdel-Aty et al. (4) is the only one showing excellent
accuracy with T,-weighted sequence without contrast, likely
because of the particular dominance of T, weighting in their
inversion recovery imaging sequence.

CONTINUING CHALLENGES
IN DIAGNOSIS OF MYOCARDITIS

The study by Abdel-Aty et al. (4) does have some deficien-
cies. Confirmation of myocarditis by myocardial biopsy was
conducted only in two patients. Although this “gold stan-
dard” is very insensitive, it does add specificity to the study
(9). This is particularly relevant when only 21 of the 25
patients had coronary angiography.

Like other important studies, the one by Abdel-Aty et al.
(4) raises several issues that need to be addressed in the

Table 1. Comparison of Efficacy of Various Diagnostic
Modalities for Myocarditis

Sensitivity ~ Specificity
Range Range
Diagnostic Modality (%) (%)
ECG changes (AV block, Q, ST changes) 47 Unknown
Troponin 34 89
CK-MB 6 100
Antibodies to virus or myosin 25-32 40
In-111 antimyosin scintigraphy 85-91 34-53
Myocardial biopsy (Dallas criteria of 35-50 78-89
pathology)
Myocardial biopsy (viral genome by 38 80-100
PCR) (9)

The gold standard used in each consisted of clinical composites of presentation,
natural history, and myocardial biopsy or autopsy.

AV = atrioventricular; CK-MB = creatine kinase-myocardial band; ECG =
electrocardiography; In = indium; PCR = polymerase chain reaction.
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Figure 1. Comparison of the various studies of the relative accuracies of
cardiovascular magnetic resonance imaging in the detection of acute
myocarditis. The earliest study was by Friedrich et al. (6), which featured
19 patients and 18 control subjects, followed by Laissy et al. (7), whose
work featured 20 patients and 7 control subjects and, in 2004, studies by
Mahrholdt et al. (8), featuring 32 patients and 11 control subjects), and the
current study by Abdel-Aty et al. (4), featuring 25 patients and 23 control
subjects. “Overall” diagnostic sensitivity was 86% (83 of 96 cases) and
specificity was 95% (56 of 59 control subjects), arrived at by a simple

pooling of the subjects, and the associated caveats thereof.

future. The use of healthy volunteers as study controls might
have introduced a spectrum bias, and the diagnostic perfor-
mance of CMR among patients with structural heart dis-
eases that masquerade as myocarditis (i.e., the true clinical
utility of CMR) should be confirmed in prospective studies.
Conversely, because the study cases were defined on the
basis of clinical criteria and other readily available biomar-
kers, the incremental diagnostic value of CMR and its role
in the routine workup of suspected myocarditis also require
clarification. Because the extent and distribution of tissue
changes detected by CMR evolve over time (6), the optimal
timing of this modality and whether the proposed diagnos-
tic cutoffs should be modified according to the time from
symptom onset are among other practical issues. Finally,
because myocarditis represents a heterogeneous condition
with a variable and often unpredictable outcome, the great-
est clinical utility of CMR may lie in its ability to prognos-
ticate patients—those with a benign natural history are
unlikely to benefit from aggressive treatments—whereas
those with a less-favorable prognosis require intensive sur-
veillance and may be enrolled in clinical trials evaluating
novel therapies. We are optimistic that, in concert with
ongoing advances in genomic and proteomic technologies,
future developments in molecular and cellular imaging using
CMR will provide invaluable insights in the pathophysiol-
ogy, early diagnosis, and management of this intriguing
disease.
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