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ABSTRACT

Myocardial infarction with non-obstructive coronary arteries (MINOCA) has been defined as clini-

cal presentation of an acute coronary syndrome with laboratory evidence of myocardial necro-

sis, but with coronary stenosis of less than 50% on coronary angiography. On the other side, 

myocarditis is an inflammatory response triggered by viral, bacterial, fungal, lymphocytic, eo-

sinophilic, or autoimmune myocardial injury, which may be associated with elevated myocardial 

necrosis serum biomarkers. We present the case of a young male patient with acute chest pain, 

ST-segment elevation, and high-sensitivity troponin levels of 22,162 ng/L.
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INTRODUCTION 

Myocardial infarction with non-obstructive coronary arteries (MINOCA) oc-
curs in 6% of patients with myocardial infarction and has been defined as the 
clinical picture of an acute myocardial infarction with less than 50% stenosis in 
the main epicardial coronary arteries.1 The proposed mechanisms involved in 
MINOCA include coronary spasm, myocarditis, microvascular dysfunction, 
Takotsubo syndrome, or coronary embolism. Twelve-month mortality rates in 
patients with MINOCA have been reported up to 4.7%.2 Myocarditis, one of the 
main differential diagnoses of MINOCA, is an inflammatory response triggered 
by various viral, bacterial, or fungal infections, but may also be caused by auto-
immune disorders. Myocarditis was found in 12% of young adults, and could 
lead to dilated cardiomyopathy and subsequent heart failure.3 The diagnosis of 
myocarditis is established on the basis of histological, immunological, immuno-
histochemical, and molecular criteria; however, the diagnosis and cause of myo-
carditis are certified by endomyocardial biopsy. Cardiac magnetic resonance 
imaging (CMR) allows morpho-functional characterization of the myocardium, 
and it can provide important prognostic information. Furthermore, CMR al-
lows the quantification of myocardial fibrosis and extension of the scar tissue 
following various disorders that trigger myocardial injury.4 
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CASE REPORT

A 44-year-old male patient with no cardiovascular history 
presented to the emergency department complaining of 
acute onset of a constrictive chest pain, irradiating in the 
left upper limb, lasting more than 20 minutes and accom-
panied by diaphoresis and dyspnea, which had started 12 
hours prior to presentation. Clinical examination revealed 
a blood pressure of 130/85 mmHg and heart rate of 79 
beats per minute, and no other signs of organ failure. 

The 12-lead ECG performed in the emergency room 
showed sinus rhythm, intermediate QRS axis, and ST-seg-
ment elevation of 0.5–1 mm in leads DI, DII, aVL, aVF, and 
V4–V6 (Figure 1). 

Blood sampling for detection of myocardial necrosis 
were obtained and the results revealed an increased high-
sensitivity troponin I level of 26,162 ng/L, CK-MB of 155.5 
ng/mL, and a total creatine kinase of 1,531 U/L. The FO-
CUS echocardiography conducted in the emergency room 
revealed a mildly impaired left ventricular systolic func-
tion, with a left ventricular ejection fraction of 50%, with 
discrete lateral wall hypokinesis, no significant valvular 
disease, and no modifications in the pericardium. Several 
criteria of acute posterolateral ST-segment elevation myo-
cardial infarction (STEMI) were identified: chest pain, 
ST-segment elevation in more than two concordant chest 
leads, serological evidence of myocardial necrosis, and re-
gional wall motion abnormalities on echocardiographic 

examination. Therefore, an emergency invasive coronary 
angiography was performed, which revealed angiographi-
cally normal coronary arteries (Figure 2). 

During hospitalization, the patient presented dynamic 
ECG changes consistent with the evolution of an acute myo-
cardial infarction, with the occurrence of negative T waves 
in the chest leads which had presented ST-segment eleva-
tion (Figure 3). Laboratory tests revealed increased inflam-
matory serum biomarkers with an erythrocyte sedimenta-
tion rate of 69 mm/h, and a positive C-reactive protein.

Due to the absence of obstructive coronary artery dis-
ease upon invasive coronary angiography, a CMR imag-
ing was performed on day 5 of hospitalization, to exclude 
myocarditis and other non-ischemic myocardial disorders. 
CMR examination showed the presence of a non-ischemic 
lesion located in the subepicardial region of the lateral free 
wall of the left ventricle (Figure 4).

The presence of a non-ischemic lesion on CMR exami-
nation, accompanied by elevated inflammatory biomarker 
levels, leads to a high suspicion of myocarditis. In the ab-
sence of an endomyocardial biopsy for a definitive diagno-
sis, viral serology was performed for detection of various 
viral infections with possible tropism for the myocardial 
tissue, including anti-Cytomegalovirus IgM negative an-
tibodies (negative), anti-Cytomegalovirus IgG positive 
antibodies (positive), anti-Toxoplasma antibodies type 
IgM (negative) and IgG (positive), anti-rubella antibod-
ies IgM (negative), Ig G (positive), and HIV antibody test 

�

FIGURE 1.  ECG performed during chest pain episode showing an ST-segment elevation in 

DI, DII, aVL, aVF, and V4–V6 leads
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(negative). The viral serology results were not specific, and 
a positive diagnosis of viral myocarditis could not be es-
tablished. However, due to the presence of a non-ischemic 
lesion on the CMR examination, MINOCA was excluded. 
The patient was prescribed angiotensin-converting en-
zyme inhibitors, beta blockers, and a mineralocorticoid 

antagonist as a triple neurohormonal blockade, in order to 
prevent left ventricular remodeling following an extensive 
myocardial injury, albeit non-ischemic. The patient agreed 
to the publication of his data, and the institution where the 
patient had been admitted, approved the publication of 
the case.

�

FIGURE 3.  ECG on day 3 showed negative T waves in DI, DII, aVL, aVF, and V4

�

FIGURE 2.  Coronary angiography revealing normal epicardial coronary arteries. A – left coronary artery; B – right coronary artery

A B
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DISCUSSIONS	

MINOCA constitutes 6% to 14% of cases presenting with 
acute myocardial infarction.5 In the reported case, the pa-
tient presented acute chest pain, elevated cardiac necro-
sis markers, and ST-segment elevation, and was initially 
diagnosed with acute myocardial infarction. However, 
emergency coronary angiography demonstrated normal 
coronary anatomy with no obstructive coronary lesions. 
This raised an important differential diagnosis problem: 
MINOCA or myocarditis? 

Studies have shown that myocarditis may mimic an 
acute coronary syndrome at onset, which occurs especial-
ly in young males (17–39 years).6 Myocarditis shares some 
clinical and paraclinical characteristics with other diseases, 
including MINOCA. However, MINOCA does not pres-
ent severely elevated inflammatory biomarkers or positive 
serology for viral infections.7 Even if in the reported case, 
the patient had presented immunoglobulin G antibodies 
for several viral infections with myocardial tissue tropism, 
including cytomegalovirus, toxoplasma, or rubella, the re-
sults were inconclusive and non-specific.

In clinical practice, if a patient presents with signs and 
symptoms consistent with an acute coronary syndrome, 
associated with evidence of myocardial necrosis, an emer-
gency invasive coronary angiography is indicated. If the 
epicardial coronary arteries do not reveal any obstructive 
lesions, the initial diagnosis of MINOCA is established. 

Nevertheless, several differential diagnoses should be ex-
cluded. One of the most important differential diagnoses 
for MINOCA is myocarditis, which is suspected in case of 
clinical context (chest pain, dyspnea, signs of heart fail-
ure), ischemic ECG changes, increased levels of myocar-
dial necrosis enzymes in the presence of non-obstructive 
coronary arteries, and generally, in patients with a posi-
tive history of recent viral infections or autoimmune disor-
ders.8 Until recently, endomyocardial biopsy was the most 
accurate method of diagnosis, but it is rarely used due to 
its low availability and high rates of complications. CMR 
imaging remains the most accurate method of diagnosis 
in acute myocarditis of various causes.9 In MINOCA pa-
tients, the clinical, laboratory, and angiographic findings 
may be identical, but the CMR examination presents typi-
cal modifications specific for each etiology.10 The CMR 
aspect of myocarditis includes the presence of regional 
myocardial edema, fibrosis, hyperemia in images acquired 
early after contrast injection, and inflammatory necrosis in 
late enhancement. These are generally located in mid- and 
subepicardial regions of the ventricular wall, whereas the 
ischemic changes are located in the subendocardial layer 
of the ventricular wall.11

Factors advocating for the diagnosis of myocarditis in-
clude young age, male sex, and high levels of C-reactive 
protein.11 MINOCA is an important subtype of acute myo-
cardial infarction, in which, unlike myocarditis, there is no 

�

FIGURE 4.  Cardiovascular magnetic resonance criteria for myocarditis: regional myocardial edema, hyperemia in images acquired early 

after contrast injection (A), and inflammatory necrosis in images acquired late (>10 minutes) after contrast injection (B)

A B
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acute inflammatory syndrome or positive viral markers in 
laboratory tests.12 In a study conducted in Sweden, it was 
found that the prevalence of MINOCA in all patients with 
myocardial infarction recorded over a period of 3 months 
was 7%, and it was diagnosed in one third of all women 
with acute coronary syndrome. These results were in high 
contrast with the prevalence of acute myocarditis that oc-
curred more frequently in young males, accompanied by 
signs of inflammation, such as fever, and elevated levels of 
C-reactive protein.13 MINOCA patients may also present 
without ST elevation on the surface ECG. Recent studies 
show that the presence of ST elevation is directly corre-
lated with early mortality and with the occurrence of long-
term complications. CMR imaging helps to differentiate 
the ischemic from non-ischemic causes that produced the 
acute coronary event.14 

The prognosis of acute myocarditis depends on the eti-
ology and severity of symptoms at presentation, especially 
if it presents as an acute myocardial infarction. In some 
patients, the clinical evolution may include certain types 
of arrhythmias or left ventricular dysfunction, which may 
occur at months or even years after the acute episode, 
due to myocardial scarring.15 A study revealed that 81% 
of patients diagnosed with myocarditis presented a com-
plete functional recovery of the left ventricle, while oth-
ers showed signs of dilated cardiomyopathy after the acute 
event.16 In our case, the patient presented a preserved 
systolic function, with a left ventricular ejection fraction 
of 50%, without any other arrhythmic or hemodynamic 
complications. In terms of treatment, myocarditis can re-
solve spontaneously in mild cases. To prevent arrhythmias 
and heart failure, beta blockers, angiotensin-converting 
enzyme inhibitors, diuretics, and anticoagulants are pre-
scribed.17 Etiological treatment is the best therapeutic op-
tion, in association with the recommended heart failure 
therapy. The effectiveness of the medical therapies can be 
monitored with the evaluation of cardiac troponins, N‑ter-
minal pro-B-type natriuretic peptide, and C-reactive pro-
tein. Although inflammatory syndrome in myocarditis can 
resolve spontaneously in mild forms, a well-targeted treat-
ment is often needed.18 Despite this, the use of nonsteroi-
dal anti-inflammatory drugs is not recommended because 
it exacerbates heart failure and increases mortality.19 On 
the other hand, the diagnosis and treatment of MINOCA 
is similar to that of an acute myocardial infarction with ob-
structive coronary artery disease, and with the treatment 
of heart failure if required. Nevertheless, the specific imag-
ing changes associated with the presence of acute inflam-
matory syndrome and viral markers play a crucial role in 
differentiating MINOCA from myocarditis.20 In our case, 

the patient showed a good clinical evolution, with remis-
sion of cardiac symptoms, and was discharged without any 
hemodynamic or arrhythmic complications.

CONCLUSIONS

In most cases of patients with acute coronary syndromes 
presenting with angiographically normal coronary arter-
ies, the etiological diagnosis remains unclear. The present-
ed case illustrates a young patient with acute myocarditis, 
with clinical signs and symptoms indicative of an acute 
coronary syndrome. One of the main differential diagnoses 
in patients presenting with MINOCA is acute myocarditis. 
Diagnostic modalities include not only invasive coronary 
angiography for exclusion of obstructive coronary artery 
disease, but also CMR imaging. CMR is recommended for 
all patients presenting with MINOCA, in order to exclude 
myocarditis or other infiltrative myocardial disorders that 
may present as acute coronary syndromes in the emergen-
cy department. 
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