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Role of Magnetic Resonance Imaging in the Diagnosis

of Myocarditis in Children

Utilidad de la resonancia magnética para el diagnóstico
de miocarditis en niños

To the Editor,

Acute myocarditis is an inflammatory process of the myocar-

dium. In Spain, the underlying cause is most frequently attributed

to viral infection, particularly by Parvovirus B19 and adenovirus.1,2

Many patients are asymptomatic although possible presenting

symptoms include arrhythmias, syncope, chest pain, sudden death,

heart failure, and cardiogenic shock.

The mortality rate is 20%, and 11% to 50% of patients progress to

dilated cardiomyopathy.2

The standard procedure for diagnosis is still endomyocardial

biopsy. Magnetic resonance imaging can be very useful as it can

detect tissue changes characteristic of the disease, such as edema,

hyperemia, necrosis, and fibrosis,3 although experience in pedia-

tric patients is limited.4 Tissue edema is detected as an increase in

T2 signal intensity in a focal or diffuse pattern. Hyperemia presents

as an increase in early gadolinium enhancement in T1-weighted

images, and the irreversible changes due to lesions (necrosis and

fibrosis) as an increase in late enhancement. A patchy pattern

unrelated to any vascular territory and involvement of the

subepicardium with sparing of the subendocardium can provide

a differential diagnosis from ischemia (Figure). The presence of

2 of the 3 criteria offers a diagnostic precision of 78%.3,4

With regard to treatment, support measures and treatment of

heart failure are the only interventions shown to improve prognosis.

In our center, a diagnostic protocol is in force in which magnetic

resonance and polymerase chain reactions (PCR) analyses to detect

viral agents in blood and tracheal aspirate are performed (the latter

only in cases of intubated patients). Endomyocardial biopsy is not

devoid of risk,5 and we only perform it on patients whose condition

is deteriorating. High-dose endovenous gammaglobulins are used

for treatment in view of their immunomodulatory and anti-

inflammatory effect.

From January 2007 through July 2012, 12 patients were admitted

to the intensive care unit diagnosed with acute myocarditis.

Diagnosis was established by biopsy (3 patients, 25%) or on the

basis of the clinical signs and symptoms with additional tests

(echocardiography, electrocardiography, troponin levels, viral PCR)

along with a cardiac magnetic resonance scan to confirm the

diagnosis. Six of the patients were boys (50%) and 6 girls, with

ages ranging from 19 days to 14 years (mean, 3.8 years); 3 patients

(25%) were neonates. With regard to the clinical presentation,

10 (83.3%) were in cardiogenic shock requiring inotropic support

and 2 (16.6%) had chest pain characteristic of ischemia with ST

elevation; 11 patients (91.6%) had substantial systolic dysfunction

with a mean [SD] ejection fraction of 32% [10%]. One patient with

precordial pain and ST elevation had a normal echocardiography

examination (ejection fraction, 60%). Eight patients (66%) required

mechanical ventilation and 2 needed circulatory assistance with

extracorporeal membrane oxygenation (16.6%).

Magnetic resonance imaging was performed early (in the first 10

days) in 10 patients (83.3%). The most important finding was the

presence of a patchy hyperintense pattern in the T2-weighted scan,

indicative of edema (9 patients, 90%). Late enhancement was not

assessed in the 5 youngest patients (50%) as the myocardial signal

could not be eliminated and was positive in 4 of the 5 patients (80%)

in whom this assessment could be performed. Early enhancement

showed a heterogeneous and patchy pattern.

Viral PCR was done for all patients. The etiologic study was

positive in 7 patients (58%); Parvovirus B19 was positive in

4 patients (33% of the sample). In neonates, the virus isolated was

enterovirus in 2 patients (16.6% of the sample) and cytomegalo-

virus in 1 (8.3%). In 3 patients (25%), endomyocardial biopsy was

performed and cardiac PCR was positive, with a good correlation

with the blood PCR.

Tracheal PCR6 had a low sensitivity, as it was positive in only 1

of the 8 patients (12.5%) in whom this test was done. Troponin T

was elevated in all cases and the creatine kinase MB fraction was

elevated in 10 (83.3%).

For the mean [SD] follow-up of 398 [155] days, transplant-free

survival was 83.3% (10/12). One patient received a transplant

5 months after onset of symptoms, after decompensation, and

another patient died in the acute phase during biopsy.

Complete recovery was reported in 8 patients (66.6%) and

2 (16.6%) progressed to dilated cardiomyopathy, with improve-

ment in function compared to the time of diagnosis. With regard to

the prognostic factors, the patients who recovered fully had a

better ejection fraction and less dilatation on admission, although

the difference was not statistically significant, possibly because

of the small sample size.

Right ventricular involvement, described as a factor of poor

prognosis, was only present in 2 patients (16.6%). Both these were

neonates with pulmonary arterial hypertension and their outcome

was favorable.
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Figure. T1-weighted images showing extensive contrast enhancement (arrow) throughout the subepicardium but not in the subendocardium.
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In conclusion, we believe that the most important consideration

in acute myocarditis is support measures in the initial phases. Some

patients required ventricular assistance, and this was not associated

with poor prognosis in the long term. With regard to diagnosis,

magnetic resonance imaging is a very useful technique. The main

challenge is to obtain high-quality images in younger patients

(neonates and infants). Endomyocardial biopsy should only be

used in patients with deterioration. With regard to prognosis,

right ventricular involvement may be more common in neonates,

as they have a marked pulmonary vascular reactivity. In these

patients, right-ventricular dysfunction may be secondary to

pulmonary hypertension and does not necessarily indicate poor

prognosis.
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Ventricular Support With Extracorporeal Membrane

Oxygenation: A New Rescue Alternative for Refractory

Cardiogenic Shock

Asistencia ventricular con membrana de oxigenación
extracorpórea: una nueva alternativa al rescate del shock
cardiogénico refractario

To the Editor,

In recent years, ventricular support devices have emerged as a

rescue option for patients with cardiac arrest or refractory

cardiogenic shock.1 Ventricular support with venoarterial extra-

corporeal membrane oxygenation (VA-ECMO) enables a less

invasive percutaneous approach, biventricular support, and better

Table

Baseline Characteristics, Hemodynamic Status, Indications for Ventricular Support With Venoarterial Extracorporeal Membrane Oxygenation, and Clinical Evolution

Sex Age Diagnosis Duration ECMO LVEF Lactate Baseline creatinine INTERMACS value Initial plan Evolution

Female 56 Valvular

cardiomyopathy

6 13 4.3 256 1 CT Death

Male 54 Valvular

cardiomyopathy

2 30 159 2 CT CT

Male 59 Anterior AMI Killip IV 6 15 1.7 255 1 CT CT

Female 55 Pheochromocytoma 8 33 3.9 380 1 Recovery Weaned

Male 64 Anterior AMI, VSD 10 30 2.9 193 1 CT Death

Male 66 NSTEACS Killip IV 8 25 10.6 215 1 Decision Death

Female 67 Valvular

cardiomyopathy

10 55 2.1 208 1 CT Death

Male 34 Fulminant

myocarditis

1 15 8.5 137 1 Decision Death

Female 32 Dilated cardiomyopathy, CRA 1 30 10.4 140 1 Decision Weaned

Male 52 Ischemic cardiomyopathy, CRA 9 21 15.9 191 1 CT CT

Male 52 Pheochromocytoma, CRA 1 25 18.9 224 1 Decision Death

Male 53 Ischemic

cardiomyopathy, AMI Killip IV, SI

8 10 2.5 195 1 Decision Weaned

Male 68 Ischemic cardiomyopathy 9 20 12.8 240 1 CT CT

Male 46 AMI Killip IV, arrhythmic storm 4 10 7.8 125 1 Recovery Weaned

Female 50 AMI Killip IV 2 20 4.2 149 1 Recovery Death

Male 65 AMI no Q Killip IV 11 30 2.9 162 2 CT Death

AMI, acute myocardial infarction; CRA, cardiorespiratory arrest; CT, cardiac transplant; ECMO, venoarterial extracorporeal membrane oxygenation; LVEF, left ventricular

ejection fraction; NSTEACS, non-ST elevation acute coronary syndrome; SI, surgical intervention; VSD, ventricular septal defect.
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