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Abstract

	 Myocarditis is an inflammatory disease of cardiac muscle with a 
variable clinical presentation, ranging from asymptomatic cases to differ-
ent degrees of left ventricular systolic dysfunction up to heart failure and 
dilated heart disease. Ventricular arrhythmias (VA) can occur in patients 
with myocarditis and implantable cardioverter defibrillator (ICD) may be 
indicated in patients with life-threatening VA who  are not in the acute 
phase of myocarditis and who are receiving optimal medical therapy. Re-
duced left ventricular ejection fraction (LVEF) below 35%, which is used as 
the main criterion for stratifying the risk of sudden cardiac death (SCD), 
has low sensitivity and low specificity for arrhythmic risk stratification in 
patients with myocarditis. Myocardial scar is the main determinant for VA 
in these patients. Cardiac magnetic resonance imaging (CMR), using late 
gadolinium enhancement(LGE), has an excellent ability to determinate 
the extension and characterization of myocardial scar, indeed CMR can 
potentially improve SCD risk stratification and indication for ICD implan-
tation in patients with myocarditis.

	 We present a case of a 36 years-old male presenting to the Emer-
gency Department with a monomorphic sustained ventricular tachycar-
dia in whom MRI revealed myocardial-pericardial recurrent inflammatory 
involvement and worsening disease progression. ICD was implanted in 
consideration of the high risk of life-threatening arrhythmias. 
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Introduction

Myocarditis is an inflammatory disease of cardiac muscle 
caused by infectious and noninfectious conditions with a vari-
able clinical presentation, ranging from asymptomatic or oligos-
ymptomatic cases to different degrees of left ventricular systolic 
dysfunction up to heart failure and dilated heart disease [1,2]. 
Ventricular arrhythmias (VA) may occur in patients with myocardi-
tis: while polymorphic VA are more common in the acute phase, 
monomorphic VA are more frequent in the chronic phase [3]. In 
a minority of cases, research has demonstrated fatal VA and sud-
den cardiac deaths (SCD) correlated with myocarditis [3-5]. Bra-
dyarrhythmia and new onset of heart block can also happen in 
rare cases of myocarditis (eg, Lyme disease, sarcoidosis, giant cell 
myocarditis) [6].

Implantable cardioverter-defibrillator (ICD) implantation can 
be beneficial in patients with life-threatening VA or with dilat-
ed cardiomyopathy (DCM) and high risk of SCD [7]. Current risk 
stratification of primary prevention ICD implantation relies on a 
reduced left ventricular ejection fraction (LVEF) below 35% [7]. Al-
though LVEF was an excellent predictor of total mortality and non-
SCD mortality in patients with DCM, a huge number of  studies 
have showed that LVEF is an unreliable surrogate to predict SCD 
[8,9]. In fact, the results demonstrated an unacceptable number 
of SCD [10,11] in patients with DCM and LVEF above 35%.

Myocardial scar is the main determinant for Vain ischemic 
and non-ischemic DCM [12]. Cardiac magnetic resonance imag-
ing (CMR), using late gadolinium enhancement (LGE), has an ex-
cellent ability to determinate the extension and characterization 
of myocardial scar, indeed CMR can potentially improve SCD risk 
stratification and indication for ICD implantation [13,14].

Case presentation

A 36 years-old male was admitted to the Emergency Depart-
ment complaining chest pain and palpitations arised playing 
soccer. Six months before he had suffered from acute pericardi-
tis treated with non steroidal anti-inflammatory drugs and cor-
ticosteroid. He did not make any mention about other previous 
pathologies and there was not a family history of sudden cardiac 
death or cardiovascular diseases. He has rarely smoked and he 
occasionally drinked alcoholic beverage.

After his admission to the hospital a physical examination 
revealed a heart rate of 160 bpm and a normal blood pressure 
(125/70 mmHg), without other signs of heart failure. A 12-lead 
electrocardiogram (ECG) showed a monomorphic ventricular 
tachycardia (VT) with right bundle branch block (RBBB) morphol-
ogy and left axis deviation (Figure 1). The VT was not stopped by 
either endovenous lidocaine or amiodarone; it was interrupted 
with endovenous metoplolol. Blood tests made known elevated 
high-sensitive troponin T levels (2,3 ng/mL, upper limit: 0.014 ng/
mL). Cardiotropic viral serology and autoantibody serum tests 
were negative. A trans-toracic echocardiogram showed mild left 
ventricular (LV) systolic dysfunction,with an LV ejection fraction 
(LVEF) of 48%, mild LV dilation (end-diastolic volume: 120 mL) and 

LV wall motion abnormalities of the posterior-inferior and lateral 
walls. Two days after his admission his ECG showed a ST-segment 
elevation in lead D1-D2-aVL-V5-V6 and reciprocal ST depression 
in lead D3 and aVR. A coronary angiography ruled out the coro-
nary artery disease. CMR revealed mild LV systolic dysfunction 
(LVEF=47%), edema of inferior basal LV wall, severe hypokinesia 
of inferior basal LV wall associated with circumferential subepi-
cardial delayed enhancement (DE) and intramyocardial DE of the 
septum, as a result of myocardial-pericardial recurrent inflamma-
tory involvement. The patient was discharged on beta-blockers 
and ace-inhibitor with a diagnosis of recurrent myocardial peri-
carditis.

At 3 and 6 months follow up, the ventricular ectopic burden 
on 24 h-Holter ECG monitoring progressively increased to 20% 
and 35%, respectively. Moreover, a sustained monomorphic VT 
was registered at the Holter ECG monitoring (ventricular rate of 
180 bpm, RBBB morphology). The patient was re-admitted for fur-
ther tests. When the patient was admitted to the hospital he was 
haemodynamic stable without heart failure symptoms. A second 
CMR revealed LV dilation and a further reduction in LV systolic 
function (LVEF=40%); an almost transmural extent of DE in the 
inferior basal wall, subepicardial DE in lateral wall, and a persist-
ence of intramyocardial DE in the interventricular septum were 
found, suggesting worsening disease progression. In considera-
tion of the clinical-instrumental evolution and the high risk of life-
threatening arrhythmias although optimal medical therapy, it was 
suggested an ICD implantation.

Discussion

The case in this report could represent different stages of my-
ocarditis: acute pericarditis, acute active myocarditis with mild 
impaired LV systolic function and monomorphic VT, chronic myo-
carditis with worsening disease progression characterized by LV 
dilatation, further impairment of LV systolic function and VT re-
currence.

Acute myocarditis is often a transient condition followed by 
complete recovery, however VA can occur in the acute phase of 
the disease. Usually polymorphic VT are seen in acute myocarditis 
and monomorphic VT are more common in the chronic phase [3]. 
Symptomatic nonsustained VT can be treated with antiarrhyth-
mic drugs whereas sustained VT requires urgent cardioversion 
followed by electrocardiographic monitoring and antiarrhythmic 
drugs in order to prevent the recurrence of arrhythmia [7]. ICD 
implantation is not indicated in the acute myocarditis because ar-
rhythmia risk may resolve. A wearable cardioverter-defibrillator 
has a potential role in patients with acute myocarditis and high 
risk for SCD [15]. Conversely ICD implantation may be indicated in 
patients with life-threatening VA who are not in the acute phase 
of myocarditis and who are receiving optimal medical therapy. 
However to date, there are no specific indications for ICD implan-
tation in patients with myocarditis, and LVEF is used as the main 
criterion for stratifying the risk of SCD in these patients [7].

Numerous investigations have proved that a reduced LVEF has 
low sensitivity and low specificity for the prediction of SCD [7]. In 
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fact the majority of SCD cases occur in patients with preserved 
or moderately reduced LVEF [10,11]. Moreover relatively few pa-
tients with reduced LVEF will benefit from an ICD implantation 
because they will never experience a life-threatening arrhythmic 
event [16,17], therefore they are exposed to unnecessary proce-
dural risks with useless healthcare costs [18].

Myocardial scar is the main substrate for re-entrant VT [19]. 
Diffuse fibrosis, commonly found in patients with DCM, can cause 
electrophysiological derangements leading to ventricular fibrilla-
tion. Both myocardial scar and diffuse fibrosis can be studied us-
ing CMR. LGE on CMR is able to detect myocardial scar with good 
accuracy [20] and is a robust predictor of VA and SCD in patients 
with DCM [21]. T1 mapping on CMR can quantified diffuse fibrosis 
and it is associated with worse outcomes in patients with DCM 
[22]. Thus, CMR using LGE and T1 mapping is a powerful tool for 
stratifying arrhythmic risk and indication for primary ICD in pa-
tients with DCM.

Conclusion

In conclusion CMR plays a pivotal role in patients with myo-
carditis [23]: it enables detection features of active infection as 
hyperemia, edema and accompanying pericardial effusion, it al-
lows to quantify ventricular size and function (regional and global 
wall motion abnormalities, LVEF quantification), and more impor-
tantly, it is able to detect the presence of myocardial scar and the 
extension of myocardial fibrosis that are both associated with ar-
rhythmic risk [21].

Future randomized clinical trials should investigate the role of 
MRI for arrhythmic risk stratification in patients with myocarditis. 
It can improve patients selection for ICD implantation and SCD 
prevention, bridging a gap still present in the current international 
guidelines [7].
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