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Case Report 

Cardiac magnetic resonance in the diagnosis of the unusually 
detected acute myocarditis in the young people: a case report
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Abstract: Myocarditis is among the causes of arrhythmic sudden cardiac death (SCD) in young athletes, 
with viral infection being the most common cause worldwide. Myocarditis recently has been reported as 
one of the cardiac complications of coronavirus disease 2019 (COVID-19) in athletes. Here we present a 
case of a 20-year-old male recreational soccer player with an episode of loss of consciousness in the context 
of respiratory infection. The patient reports having woken up with symptoms of an upper respiratory 
tract infection, and after playing a soccer match, he developed dizziness and a headache. He then suffered 
vasovagal syncope without loss of sphincter control. Physical examination, heart auscultation, peripheral 
and carotid pulses, and blood, microbiological/serological tests result on admission were normal. Moreover, 
no jugular engorgement at 45º, malleolar edema, or other heart failure signs were found. The 12-lead 
electrocardiogram (ECG), echocardiogram, 24-hour Holter-ECG did not reveal any significant finding. 
A cardiac magnetic resonance (CMR) was finally performed, revealing an abnormal signal increase was 
observed at the apical level in the short-tau inversion-recovery (STIR) and 4-chamber sequences. In addition, 
a pattern of apical fibrosis was observed in 4- and 2-chamber and short-axis late enhancement sequences 
for assessment of myocardial viability confirming the diagnosis of myocarditis. In athletes with suspected 
myocarditis, CMR seems to be a useful diagnostic tool, with excellent sensitivity for detecting inflammation, 
myocardial edema, and/or focal scarring.
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Introduction

Myocarditis is a major cause of arrhythmic sudden cardiac 
death (SCD) in young athletes (1-3). Between 7% to 
20% of SCD in young athletes is due to myocarditis. 
The proportion of SCD caused by myocarditis (SCD-
myocarditis) is highly variable (between 1% and 14% 
among young people) due to the populations’ homogeneity 
and differences in the definition of SCD and post-
mortem myocarditis. The etiology of myocarditis is 
heterogeneous, with viral infection being the most common 
cause worldwide, especially enterovirus, coxsackievirus B, 
parvovirus B-19, and human herpesvirus 6. Importantly, 
myocarditis recently has been reported as one of the cardiac 
complications of coronavirus disease 2019 (COVID-19) 
in athletes (4). This fact is particularly relevant since 
physical exercise during the acute phase of viral myocarditis 
may precipitate malignant ventricular arrhythmias. The 
diagnosis is based on a detailed medical history, physical 
examination, and complementary tests, such as appropriate 
blood work (e.g., troponin), 12-lead electrocardiogram 
(ECG), echocardiography, and eventually, cardiac magnetic 
resonance (CMR) (5). 

We present the following article in accordance with 
the CARE reporting checklist (available at https://dx.doi.
org/10.21037/acr-21-24).

Case presentation

A 20-year-old male recreational soccer player was admitted 
to the cardiology unit after presenting with an episode of 
loss of consciousness in the context of respiratory infection 
without associated fever. The patient reports having woken 
up with symptoms of an upper respiratory tract infection, 
and after playing a soccer match, he developed dizziness and 
a headache. He then suffered vasovagal syncope without 
loss of sphincter control. No chest pain, nausea, vomiting, 
diarrhea, or other associated symptoms were reported.

The patient had no relevant family history of disease, 
with no cases of SCD. He had not previously reported 
palpitations, syncopal episodes, or dizziness associated 
with sports participation. No previous interventions were 
reported.

The physical examination on admission included a heart 
rate of 77 bpm and resting blood pressure of 134/76 mmHg; 
temperature: 36.7 ℃; SpO2 98% on room air. Heart 
auscultation was normal. Symmetrical peripheral pulses 
were palpable. The patient had symmetrical carotid pulses, 

with no jugular engorgement at 45º, malleolar edema, or 
other heart failure signs. We also performed a blood test 
(Table 1). We also requested microbiological/serological 
tests.

The 12-lead ECG showed sinus rhythm with a right 
bundle branch block (RBBB), with pronounced T-wave 
inversions (TWI) in inferolateral leads (Figure 1). The 
echocardiogram revealed non-dilated ventricular and atrial 
cavities, non-hypertrophic ventricular septum, and normal 
systolic and diastolic function. There was no pericardial 
effusion. Finally, a 24-hour Holter-ECG study was 
performed, which did not reveal any significant arrhythmia.

Viral serological test results were negative (i.e., 
adenovirus, enterovirus, toxoplasma Gondi, influenza virus 
A and B). A CMR was finally performed, revealing the 
absence of significant ventricular hypertrophy in a short-axis 
cine sequence of the left ventricle (LV) and right ventricle 
(RV) (Figure 2). However, an abnormal signal increase 
was observed at the apical level in the short-tau inversion-
recovery (STIR) and 4-chamber sequences (Figure 3A,B). In 
addition, a pattern of apical fibrosis was observed in 4- and 
2-chamber and short-axis late enhancement sequences for 
assessment of myocardial viability (Figure 3C), confirming 
the diagnosis of myocarditis.

The patient had a favorable evolution of symptoms, with 
abatement of the fever, an absence of heart failure signs or 
symptoms, arrhythmias or hemodynamic instability, and a 
good response to the symptomatic treatment administered 
(1 gram of acetaminophen every 8 hours). Given the good 
clinical evolution, the patient was discharged.

Sports practice was discouraged for six months, during 
which regular medical checkups were performed. In 
this regard, it is worth highlighting the last examination 
carried out two years after the initial presentation. The 
12-lead ECG showed persistent T wave inversion in 
the inferolateral wall (Figure 4). The patient underwent 
an exercise stress test, showing anterolateral T-wave 
pseudonormalization with maximum effort (Figure 5), 
without induction of ventricular arrhythmias and negative 
for myocardial ischemia (ST elevation/depression). No 
arrhythmic episodes were found on a 24-hour Holter 
monitor. Finally, a control CMR showed apical fibrosis 
persistence in the 4- and 2-chamber late gadolinium 
enhancement (LGE) sequences without edema (Figure 6). 
The patient  returned to exercise,  playing soccer 
recreationally, and practicing light-to-moderate-intensity 
physical activity with high dynamic components.

All procedures performed in this case were in accordance 
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with the ethical standards of the institutional and national 
research committees and with the Helsinki Declaration (as 
revised in 2013). Written informed consent was obtained 
from the patient.

Discussion

A complete evaluation is recommended when myocarditis 
is suspected, including CMR (6). The case we have 
presented here is especially relevant in the COVID-19 
era since severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) is among the potential causes provoking 
acute myocarditis in young athletes and other patients. In 
effect, SARS-CoV-2 infection has been associated with 
myocarditis. Current evidence indicates that approximately 
20% of hospitalized patients suffered cardiac injury, with 
elevated levels of high-sensitivity troponins (hs-cTnI) (7). A 
meta-summary of cases reflected that CMR established the 
diagnosis of myocarditis in many patients, with the presence 
of edema and cardiac injury, highlighting the valuable role 
of CMR in these patients (8). In the COVID-19 era, CMR 
imaging will be a very useful and effective tool to assess 

cardiac involvement. LGE is the best predictor of mortality 
regardless of symptoms, functional class, ejection fraction, 
or LV end-diastolic volume (9). Ventricular scarring/fibrosis 
(as evidenced by LGE on the CMR), which may be missed 
by echocardiography, can cause SCD due to ventricular 
arrhythmias (10).

The finding of unexplained TWI on athletes’ 12-
lead ECG should be thoroughly investigated by CMR  
imaging (11). In a study carried out by Schnell et al. (12), 
heart disease was established in 44.5% of 155 athletes 
with deep TWI (80% in lateral leads), with hypertrophic 
cardiomyopathy the most diagnosis (81%). Echocardiography 
was abnormal in 37 (53.6%) cases, while CMR revealed 
another 24 (16.6%) athletes with heart disease. Thus, 
CMR significantly improves the accuracy of diagnosing 
cardiomyopathy in athletes with marked repolarization 
alterations in the ECG and normal echocardiogram, as was 
also evidenced in the present clinical case.

CMR is currently the most widely used noninvasive 
imaging technique to confirm acute myocarditis, especially 
in hemodynamically stable patients during the first week 
of symptoms. CMR allows optimal myocardial tissue 
characterization, detecting inflammatory damage as necrosis 
and fibrosis in the form of LGE. Although the value of 
repeating the CMR at six months is unknown, as are its 
clinical and prognostic implications, it may be advisable to 
monitor the evolution of myocardial damage.

The opt imal  t reatment  of  pat ients  with  acute 
myocarditis, and their prognosis, remain controversial. It 
is essential to highlight the need for prolonged monitoring 
with Holter-ECG or other devices regardless of ventricular 
function.

Due to the risk of exercise-induced arrhythmia, 
athletes with acute myocarditis should not return to 
competitive activity for 3–6 months after recovery from 
the acute process (13). The current sports cardiology 
guidelines of the European Cardiology Society (14) advise 
that athletes diagnosed with recent myocarditis should 
refrain from physical or sports activities while active 
inflammation persists, regardless of other factors (age, 
sex, LV systolic dysfunction). Likewise, it reinforces the 
previous recommendation of abstinence from moderate-
to-high intensity exercise for a period of 3 to 6 months (5), 
highlighting the essential role of the CMR in the 
monitoring and evolution of this entity, together with a 
comprehensive evaluation after a complete recovery to 

Table 1 Blood test results

Variables Patient’s values Normal values

Leukocytes/L 24,200 4,500–11,000

Neutrophils, % 90.8 40–60

Lymphocytes, % 3.9 20–40

Monocytes, % 4.6 2–8

Eosinophils, % 0.4 1–4

Basophils, % 0.3 0.5–1

Platelets, ×109/L 229 150–450

Hemoglobin, mg/dL 14.8 13.5–17.5 

Hematocrit, % 43.7 40–50

Fibrinogen, mg/dL 412 200–400 

Na, mEq/L 135 135–145 

K, mEq/L 3.4 3.5–5 

hs-cTnI, ng/mL 0.11 0.060 

CRP, mg/dL 1.9 <0.3 

hs-cTnI, high-sensitivity cardiac troponin I; CRP, C-reactive  
protein.
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Figure 1 Baseline ECG at admission. ECG, electrocardiogram.

Figure 2 LV and RV short-axis cine sequence ruling out significant ventricular hypertrophy. LV, left ventricle; RV, right ventricle.
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Figure 3 CMR on admission. (A) 4-chamber STIR sequence showing signal increase at apical level. Regions of interest used to measure T2 
value at the apical (n=214) and lateral (n=88) levels. Ratio T2 value apical/lateral level >2. (B) LV and RV short-axis STIR sequence showing 
increased signal at the apical level. (C) Viability sequence in 2 and 4 chambers and short-axis planes showing increased signal at the apical 
level. Pattern compatible with fibrosis (red arrows) and confirming the diagnosis of apical myocarditis. CMR, cardiac magnetic resonance; 
STIR, short-tau inversion-recovery; LV, left ventricle; RV, right ventricle. 
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Figure 4 Follow-up ECG 2 years later. ECG, electrocardiogram.
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Figure 5 Control stress test 2 years later. Anterolateral TWI with maximal effort. Clinically and electrically negative for ischemia. TWI, 
T-wave inversion.
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assess the risk of exercise-related SCD. 

Conclusions

CMR seems to be a useful diagnostic tool in athletes 
with suspected myocarditis, with excellent sensitivity for 
detecting inflammation, myocardial edema, and/or focal 
scarring. The distribution and extent of LGE with a non-
ischemic pattern is an independent predictor of adverse 
cardiac events during follow-up. 
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