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EDITORIAL COMMENT

How Should We Diagnose Myocarditis,
and Is its Recognition Really
Clinically Relevant?*
G. William Dec, MD

A

acute

quantiﬁcation of extracellular volume, have been

myocarditis varies from cardiogenic shock

applied to the evaluation of patients with suspected

to asymptomatic electrocardiographic abnor-

myocarditis. Although the endomyocardial biopsy

malities during community viral outbreaks, its 3

(either right, left, or biventricular) has long been the

most common clinical presentations are chest pain

gold standard for diagnosing myocarditis, a recent

mimicking acute myocardial infarction, ventricular ar-
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rhythmias, and heart failure due to new-onset dilated

recommends the use of CMR in clinically stable pa-

cardiomyopathy (DCM) (1,2). Cardiac magnetic reso-

tients suspected of myocarditis before endomyocar-

nance (CMR) imaging has proven extremely valuable

dial biopsy using a combined methodology of

for assessment of clinically suspected myocarditis,

T1-weighted early gadolinium enhancement, LGE, and

by virtue of its ability to detect myocardial inﬂamma-

T2-weighted edema imaging. This combined method

tion, myocardial edema, necrosis, and ﬁbrosis (3).

has been termed the “Lake Louise criteria” (4). The

Several imaging sequences can accurately identify

presence of 2 of the 3 CMR characteristics described

tissue characteristics associated with both acute and

in the Lake Louise criteria results in a sensitivity of

chronic myocarditis. Myocardial T1 (the spin-lattice

67%, speciﬁcity of 91%, and negative predictive value

longitudinal

by

of 69% for the diagnosis of biopsy-proven myocarditis

increased interstitial space (e.g., scar, diffuse ﬁbrosis,

(3). Given the relatively low sensitivity, additional

or inﬁltration) after administration of gadolinium-

improvements in CMR techniques are needed.

lthough

the

clinical

relaxation

time)

spectrum

is

of

shortened

based contrast. T2-weighted (the spin-spin trans-

Two recent studies have addressed the diagnostic

versal relaxation time) mapping is used to detect

utility of myocardial T1 mapping. Hinojar et al. (5)

myocardial edema, whereas early enhancement is

reported the use of T1 mapping for differentiating

felt to display capillary leakage and myocardial hyper-

acute from convalescent myocarditis. These authors

emia. Contrast imaging with gadolinium enables

studied 165 patients early and 6 months after clinical

detection of early capillary leakage based on T1-

onset of myocarditis. Compared with 40 control

weighted early enhancement and accurate diagnosis

subjects, T1 values >5 SD above controls were asso-

of myocardial ﬁbrosis based on late enhancement

ciated with acute myocarditis; values between 2 and

(LGE). LGE is frequently observed in patients with

5 SD were found 6 months later. Native T1 mapping

acute myocarditis in a pattern that is distinctive from

outperformed LGE in detecting acute myocarditis

ischemic myocardial injury (3). Recently, novel quan-

(sensitivity 98% vs. 72%), whereas LGE was more

titative T1 and T2 mapping techniques, including

sensitive (86% vs. 76%) in more longstanding
disease. Unfortunately, myocarditis was diagnosed
solely by clinical criteria; thus, the true sensitivity for
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ongoing inﬂammation on biopsy and was detected in

myocarditis, but potential sampling error due to the

52% of patients. Clinical characteristics, standard

focal or multifocal nature of this disease may lead to

Lake Louise CMR criteria, global myocardial T1 map-

underdiagnosis. The use of biventricular biopsy,

ping, or extracellular volume fraction did not differ-

which substantially improves the rate of histological

entiate between patients with or without active

detection of myocarditis (9), has decreased the pos-

myocarditis. However, mean global myocardial T2

sibility of sampling error but myocardial biopsy

was signiﬁcantly higher in patients with active

remains a less than ideal gold standard. The actual

myocarditis. Using a global cutoff of T2 >60 ms pro-

percentage of myocarditis cases that were actually

vided sensitivity, speciﬁcity, and negative and posi-

detected by CMR imaging and missed by endomyo-

tive predictive values of 94%, 60%, 90%, and 71%,

cardial biopsy cannot be answered. Further, T2

respectively, for active myocarditis. Importantly,

imaging was only performed on the 1.5-T system so the

duration of symptoms did not differ between groups

true accuracy of imaging at 3-T ﬁeld strength remains

and averaged 31 days (range 6 to 64). Finally, ﬁndings

uncertain in nonacute presentations. Finally, imaging

by Lurz et al. (7) have conﬁrmed the low diagnostic

protocols continue to evolve and vary between cen-

accuracy of Lake Louise criteria among patients pre-

ters. The methodologies validated in this study were

senting with symptoms >2 weeks in duration, which

the best available in 2012, but newer techniques may

is the rule rather than the exception for the majority

further increase sensitivity and speciﬁcity.

of patients with recent-onset heart failure.
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In this issue of the Journal, Lurz et al. (8) describe

Several major issues must be considered in proper
interpretation of the clinical relevance of these new
ﬁndings. First, the authors have arbitrarily deﬁned an
acute group with symptoms #14 days (mean 6 days)

the diagnostic performance of a comprehensive CMR

versus a “chronic” group with symptoms >14 days

imaging protocol in assessing for acute or subacute

(mean 30 days). The vast majority of prior studies have

myocarditis. T1 and T2 mapping, as well as calcula-

considered acute-onset cardiomyopathy to be present

tion of extracellular volume, were compared with

when symptoms exist for <6 to 8 weeks in duration

biventricular endomyocardial biopsy in 129 unse-

(10). Thus, most prior studies would have considered

lected consecutive patients with clinically suspected

all patients in the “acute” category. Patients in their

myocarditis. The effect of ﬁeld strength was also

acute cohort typically presented with chest pain syn-

assessed by comparing 1.5-T versus 3.0-T imaging.

dromes rather than acute heart failure; mean ejection

Patients were divided into 2 groups based on

fraction in this group was 48%. Although establishing

symptom duration: acute (#14 days) versus chronic

a pathological diagnosis is desirable, the vast majority

(>14 days). In patients with acute symptoms, T1 map-

of patients with acute myocarditis presenting with

ping yielded the best diagnostic performance with an

acute coronary syndrome-like symptoms and relative

area under the curve (AUC) receiver-operating char-

preservation of left ventricular ejection fraction

acteristic of 0.82, substantially better than the Lake

(LVEF) have an excellent prognosis. Almost all of

Louise criteria AUC of 0.56. In patients with subacute

these patients spontaneously recover with supportive

presentations, T2 mapping was the only technique

therapy. Thus, diagnosing acute myocarditis in this

yielding an acceptable AUC (0.77). The authors

group, while intellectually interesting, seldom alters

correctly conclude that, in patients with acute symp-

clinical management.

toms, newer imaging methodologies are useful for

A second issue in evaluating any patient with

diagnosing biopsy-proven myocarditis and are supe-

new-onset DCM is the differentiation of active

rior to previously recommended Lake Louise criteria.

myocarditis from other forms of nonischemic car-

This well-done study further extends our knowl-

diomyopathy (e.g., idiopathic, alcohol-related, meta-

edge regarding the noninvasive diagnosis of clinically

bolic, or genetic). The relatively high sensitivity and

suspected myocarditis. Strengths include a moder-

negative predictive value for T2 imaging accurately

ately large sample size, state-of-the-art CMR imaging

identiﬁes patients with high likelihood of myo-

methodologies, use of biventricular endomyocardial

carditis from normal controls. A better comparison

biopsies for histological veriﬁcation of disease, com-

would have been patients with clinically suspected

parison to the currently accepted Lake Louise diag-

myocarditis to those with more common causes of

nostic criteria, and comparison of the diagnostic

nonischemic DCM.

accuracy of 1.5-T versus 3.0-T imaging. Despite the

Third, current CMR imaging cannot yet differen-

study’s considerable strengths, the authors recognize

tiate the 3 major types of myocarditis: lymphocytic,

certain limitations of their ﬁndings. Endomyocardial

giant cell, and eosinophilic. Although lymphocytic

biopsy remains the reference standard for diagnosing

myocarditis is, by far, the most prevalent form of
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myocardial inﬂammation, its differentiation from

pharmacological therapy and were then randomized

giant cell disease and eosinophilic disease is highly

to active treatment or placebo. In addition, viral

relevant. Eosinophilic myocarditis is often easily

genome was absent in all myocardial biopsy speci-

reversible with cessation of the offending pharmaco-

mens. Overall, the immunosuppressed cohort showed

logical agent

and early use of corticosteroids.

a signiﬁcant improvement in LVEF and decrease in left

Conversely, giant cell myocarditis has a more aggres-

ventricular size compared with baseline. No change in

sive histological pattern and a substantially poorer

ventricular size or function was noted in the placebo-

outcome despite aggressive immunosuppression (1).

treated control group (11). Current European Society

The ability to use clinical ﬁndings and imaging data to

of Cardiology guidelines now recommend consider-

better identify patients before biopsy based on their

ation of immunosuppression for patients with active

likely histopathologic type would greatly expand the

myocarditis and negative viral genome on biopsy (4).

clinical importance of CMR in this disease.

Clearly, the availability of a proven treatment for

Finally, the “elephant in the room” remains the

biopsy-conﬁrmed myocarditis would have substantial

controversy about whether diagnosing acute lym-

clinical impact and make the early and accurate eval-

phocytic myocarditis has any real clinical relevance

uation of myocardial inﬂammation/edema essential

in 2016 because there is no consensus about

for optimal clinical management.

effective treatment options. Although a variety of

This study by Lutz et al. (8) extends earlier imaging

agents, including immunosuppressive drugs, immu-

studies and validates the sensitivity and speciﬁcity of

noabsorption, and antiviral therapies such as inter-

T1 mapping in assessing very acute presentations

feron, have been evaluated, both in uncontrolled

of myocarditis as well as the modest predictive value

studies as well as in small-scale, randomized trials,

of T2 mapping in a subacute form of disease. It is time

their efﬁcacy has been largely disappointing (1,2).

to move beyond the Lake Louise criteria and utilize

A high rate of spontaneous improvement in LVEF is

these ﬁndings in assessing patients who are being

characteristic of acute myocarditis, and it has been

considered for endomyocardial biopsy. Whether CMR

difﬁcult to demonstrate that treatment speciﬁcally

imaging alone will ever be sufﬁcient to initiate active

directed at myocardial inﬂammation and/or edema

treatment or to guide immunosuppressive therapy

can improve the odds of ventricular recovery. How-

remains uncertain. Nonetheless, the ability to detect

ever, there may be a change in the treatment of biopsy-

myocarditis with a high degree of reliability will spare

proven myocarditis on the horizon. A pivotal study by

many patients from an invasive biopsy procedure and

Frustaci et al. (11) examined prednisone and azathio-

allow more precise targeting of speciﬁc therapies.

prine immunosuppression in a cohort of 85 patients
with biopsy-proven myocarditis and chronic (>6
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