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Abstract: Myocarditis may mimic myocardial infarction (MI) due to a similar clinical presentation,
including chest pain, electrocardiography changes, and laboratory findings. The purpose of the study
was to investigate the diagnostic value of clinical, laboratory, and electrocardiography characteristics
of patients with acute coronary syndrome - like myocarditis and MI. We analysed 90 patients
(≤45 years old) with an initial diagnosis of ST-segment elevation myocardial infarction; 40 patients
(44.4%), through the use of cardiac magnetic resonance, were confirmed to have myocarditis, and
50 patients (55.6%) were diagnosed with MI. Patients with myocarditis were younger and had fewer
cardiovascular risk factors than those with MI. The cutoff value distinguishing between myocarditis
and MI was defined as the age of 36 years. The history of recent infections (82.5% vs. 6%) and
C-reactive protein (CRP) levels on admission (Me 45.9 vs. 3.4) was more associated with myocarditis.
Further, the QTc interval was inversely correlated with the echocardiographic ejection fraction in
both groups but was significantly longer in patients with MI. Non-invasive diagnostics based on
clinical features and laboratory findings are basic but still essential tools for differentiation between
MI and myocarditis. The three-factor model including the criteria of age, abnormal CRP, and history
of recent infections might become a valuable clinical indication.

Keywords: myocarditis; ST-elevation myocardial infarction; young adults

1. Introduction

In spite of new diagnostic method developments, e.g., laboratory testing, echocardio-
graphy, and computed tomography angiography (CTA), the 12-lead electrocardiogram
(ECG) still remains the pivotal and easily accessible tool for the patients with an initial diag-
nosis of acute coronary syndrome (ACS) in the emergency department (ED) [1]. According
to the European Society of Cardiology (ESC) guidelines, reperfusion therapy should be
implemented as soon as possible in patients with a suspicion of ST-segment elevation my-
ocardial infarction (STEMI) [2]. However, especially among young patients with less typical
symptoms, alternative causes of ST-segment elevation such as pericarditis, myocarditis,
cardiomyopathy, pulmonary embolism, renal failure, aortic dissection, and toxin abuse may
be considered [3,4]. Some previous reports reveal a prevalence of patients with suspected
STEMI and non-obstructive coronary artery disease (CAD) up to 15% [4–8].

Acute myocarditis, due to its initial infarct-like clinical presentation, including chest
pain, increased cardiac biomarkers, ST-segment elevation in the ECG, malignant arrhyth-
mias, and impaired left ventricular ejection fraction (LVEF), constitutes a great challenge
for clinicians to distinguish it from ACS [9,10]. The actual and accurate incidence of my-
ocarditis in populations remains unknown, as the endomyocardial biopsy (EMB)—the
diagnostic ESC gold standard—is infrequently followed in clinical practise [11,12]. It
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is estimated that myocarditis may show the global annual prevalence of approximately
22 people for every 100,000 [13]. It is still considered a poorly understood inflammatory
disease of heterogeneous manifestation caused by a variety of factors, such as infections,
systemic diseases, drugs, and toxins [11,14,15]. Although myocardial infarction (MI) and
myocarditis are diseases of a diverse aetiology, differentiation between them in ED on the
grounds of the clinical symptoms, ECG changes and laboratory markers is challenging.
Thus, coronary angiography has still been performed on patients with inflammatory heart
diseases in order to exclude ACS [16]. Taking into account possible adverse effects, few
coronary risk factors in young patients, such as a history of fevers or recent viral illness
(<3 weeks), the requirement for coronary angiography may be questionable [17]. Further
investigations considering the preparation of a diagnostic algorithm based on non-invasive
methods, including laboratory tests, echocardiography speckle tracking imaging, CTA,
and cardiac magnetic resonance (CMR) parameters, are necessary to improve the rate of
myocarditis detection when the EMB is not available or contraindicated [18]. Our study
aimed to evaluate the role of clinical, laboratory, and ECG characteristics in young adults
(≤45 years old) with ST-segment elevation in their ECG to set the diagnosis and estimate a
prognosis of acute myocarditis vs. acute myocardial infarction (AMI). The following article
was presented in accordance with the STROBE reporting checklist.

2. Materials and Methods

A total of 90 symptomatic patients (≤45 years old) with an initial diagnosis of STEMI
were urgently admitted to the Department of Interventional Cardiology (Medical University
of Lodz, Poland) within 12 h of onset symptoms, between April 2014 and December 2019,
respectively. They were then analysed. All the data were collected from patients’ medical
records and independently assessed by two investigators. ST-segment elevation was
defined as a J-point elevation in two contiguous leads with the cut points: ≥0.25 mV in
men below the age of 40 years, ≥0.2 mV in men over the age of 40 years, ≥0.15 mV in
women in leads V2–V3, and/or ≥0.1 mV in other leads. In order to confirm or exclude
obstructive CAD, the invasive coronary angiography was performed in all cases. Patients
were classified into two groups, according to their final diagnosis. Group One: patients
diagnosed with MI based on the clinical presentation, ECG recording, and the presence
of a culprit lesion on the coronary angiography in accordance with the ESC Guidelines
on Management of Acute Myocardial Infarction in Patients Presenting with ST Segment
Elevation (2017). Group Two: patients with a normal coronary angiogram, diagnosed with
acute myocarditis due to the clinical presentation and typical findings in CMR. CMR was
performed during the same hospitalisation on a 1.5T scanner (Siemens Magnetom Avanto)
with phased-array body coil, and ECG monitoring and enhanced contrast (Gadovist,
Bayer Schering Pharma, Berlin, Germany) used dedicated syngo.via MR Cardiac Analysis
software. Diagnosis of acute myocarditis was confirmed according to the updated 2018 Lake
Louise criteria on the whole population [19,20]. According to the protocols recommended
by the Society for Cardiovascular Magnetic Resonance, regional or global myocardial
oedema and non-ischeamic myocardial injury were identified as areas of high-signal
intensity in T2-weighted imaging and the regional late gadolinium enhancement (LGE)
signal increase, respectively [21]. EMB was performed in no cases. Only seven symptomatic
patients fulfilling the criteria of age and ST-segment elevation in their ECG on admission,
but who were finally diagnosed with aortic dissection, toxin abuse, Takotsubo syndrome,
pericarditis, or myocardial infarction type two, were excluded from the study. In the case
of patients with toxin abuse or Takotsubo syndrome, the CMR was also performed.

During the course of patients’ examination, we analysed clinical presentation focusing
on the chest pain, dyspnoea, and cardiac arrhythmias. Furthermore, we analysed the
results of ECG, echocardiography, and CMR findings. With reference to the laboratory
findings, we assessed the highly sensitive cardiac troponin T (TnT) level as a biomarker
for the myocardial damage and the C-reactive protein (CRP) as a routine inflammatory
indicator. The TnT cutoff point was 14 ng/L. The abnormal CRP level was defined as the
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value > 5 mg/L. All cardiovascular risk factors, including arterial hypertension, family
history of CAD, smoking, diabetes mellitus, obesity defined as a body mass index (BMI) ≥
30 kg/m2 [22], and other clinical data such as fever, infectious illness symptoms, or antibi-
otic therapy (<3 weeks), were also reviewed. The ECG parameters including QTc interval
(corrected for heart rate with the Bazett formula) were manually analysed on admission.
Echocardiographic examinations were performed during the first 48 h since admission
using the Vivid E9 Ultrasound System with a 3.5 Mhz transducer (GE Healthcare, Horten,
Norway) and analysed offline using the EchoPAC, Horten, Norway version 201 software.

The study was conducted in accordance with the Declaration of Helsinki, and the
protocol was approved by the Local Ethics Committee (No RNN/03/20/KE).

All the statistical analyses were performed using the Statistica 13.1 (StatSoft Inc., Tulsa,
OK, USA).

The classified variables were expressed as numbers and percentages, while the contin-
uous variables were expressed as medians and interquartile ranges (IQR). The continuous
values were analysed with the Mann–Whitney U test, whereas the chi-square test was
used for the discrete values. Receiver operator characteristic (ROC) curves were con-
structed to determine the optimal cutoff values. In addition, the analysis was expanded to
Spearman’s rank correlation coefficient. A p value of < 0.05 was considered to indicate a
statistical significance.

3. Results

A total of 1384 patients were admitted to the ED with an initial diagnosis of STEMI
between April 2014 and December 2019. A total of 90 consecutive patients ≤ 45 years
old, including 14 females (15.6%) and 76 males (84.4%), were further enrolled. Three
patients (3.3%) died during hospitalisation and all of them suffered from MI. The detailed
distribution of patients according to their final diagnosis is presented in Figure 1.
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Figure 1. Study flow chart, MI—Myocardial infarction

In order to confirm or exclude obstructive CAD, the coronary angiography was per-
formed on the whole population. Amid patients who had obstructive CAD excluded, the
CMR examination based on updated 2018 Lake Louise criteria (increased signal intensity
in T2-weighted imaging and increased signal intensity with a non-ischeamic distribution
pattern in LGE images) confirmed the diagnosis of acute myocarditis in 40 cases. Pericardial
effusion or pericardial signal abnormalities were not visualised in any case. The median
number of left ventricle (LV) segments showing myocardial oedema on T2-weighted se-
quences was two (IQR 1–2). The minimum number of segments was one and the maximum
was eight. Global oedema was not registered in any of the patients. The median number
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of LV segments showing LGE on the post-contrast sequence was four (IQR 4–6). The
minimum number of segments was two and the maximum was eight (Table 1).

Table 1. Cardiac magnetic resonance findings.

Myocarditis
N = 40

Ejection fraction (%) 57 (52–59)
LV segments with LGE 4 (4–6)

LV segments with oedema 2 (1–2)
Regional increase of T2 signal intensity * 40 (100%)

Global T2 signal intensity ratio ≥ 2 * 0
LGE non-ischeamic pattern * 40 (100%)

Pericardial effusion/pericardial abnormalities 0
All values presented as median (IQR) or N (%). * Inclusion criteria.

The baseline characteristics of the patients are presented in Table 2.

Table 2. Baseline characteristics.

Myocarditis
N = 40

Myocardial Infarction
N = 50 p Value

Age 26 (21.5–34.5) 41 (39–44) <0.001
Sex (male) 37 (92.5%) 39 (78%) 0.593
Smoking 16 (40%) 37 (74%) <0.001

Hypertension 4 (10%) 22 (44%) <0.001
Diabetes 2 (5%) 4 (8%) 0.592

Obesity BMI > 30 (kg/m2) 5 (12.5%) 18 (36%) 0.011
Family history of CAD 32 (80%) 36 (72%) 0.331

Symptoms
Chest pain 38 (95%) 47 (94%) 0.837
Dyspnea 3 (7.5%) 39 (78%) 0.059
Fever * 14 (35%) 1 (2%) <0.001

Recent infection * 33 (82.5%) 3 (6%) <0.001
Antibiotic therapy * 9 (22.5%) 1 (2%) 0.002

Left ventricular ejection
fraction (%) 58 (53–60) 50 (45–55) <0.001

Regional wall motion
abnormality 19 (47.5%) 44 (88%) <0.001

Hospital mortality 0 3 (6%) 0.115
Laboratory findings

TnT (on admission) (ng/L) 569.5 (200–1074) 150 (55–437) 0.025
TnT (after 24 h) (ng/L) 936 (367–1364) 2088.5 (757–4394) <0.001

CRP (on admission) (mg/L) 45.9 (17.2–121) 3.4 (1.8–9.8) <0.001
CRP (max.) (mg/L) 47.9 (17.8–122.3) 15.9 (2.2–89.7) 0.014

Total cholesterol (TC)
(mmol/L) 3.89 (3.6–4.66) 5.95 (4.84–6.79) <0.001

LDL 2.4 (1.83–2.86) 3.44 (2.69–4.55) <0.001
HDL 1.1 (0.87–1.29) 1.1 (0.96–1.39) 0.310

Triglycerides (TG) 1.19 (0.73–1.6) 1.815 (1.34–2.59) <0.001
ECG parameters

QTc (ms) 413 (319–561) 452 (366–621) <0.001

All values presented as median (IQR) or N (%). * <3 weeks.

The median age was 26 (IQR 21.5–34.5) and 41 years (IQR 39–44) for myocarditis and
MI, respectively (p < 0.001). The most common presenting symptoms were chest pain
(94.4%, N = 85) and dyspnea (46.7%, N = 42). Fever occurred in 15 patients (16.7%) and
the majority of them suffered from myocarditis (p < 0.001). All patients were reviewed in
terms of cardiovascular risk factors, including current smoking, diabetes mellitus, arterial
hypertension, obesity, and family history of CAD. In comparison to patients with myocardi-
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tis, a history of smoking, obesity, and arterial hypertension were more frequently found
amid patients with MI (p < 0.05). There was no significant difference in the prevalence
of diabetes mellitus and family history of CAD, whereas a history of recent infection of
<3 weeks or antibiotic therapy within three weeks before admission was more associated
with myocarditis diagnosis.

All patients were monitored in respect to, among other things, lipid profile, CRP,
and TnT levels during the hospital follow-up. The lipid profile was abnormal in both
groups; however, higher levels of total cholesterol (TC), low-density lipoprotein (LDL),
and triglycerides (TG) were observed in MI patients (p < 0.001). There was no significant
difference in the high-density lipoprotein (HDL) concentration between the groups. As
for TnT, the concentration on admission and after 24 h were taken into account. The TnT
patterns for both myocarditis and MI are presented in Figure 2.
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Figure 2. TnT patterns for myocarditis and myocardial infarction including TnT levels on admission
and after 24 h.

Amid patients diagnosed with myocarditis, there was observed higher TnT levels on
admission (Me 569.5 IQR 200–1074) with a relatively low peak in 24 h observation (Me 936
IQR 367–1364), in contrast to patients with MI. The median TnT level on admission for
MI was 150 (IQR 55–437) with a higher peak after 24 h (Me 2088.5 IQR 757–4394). Both
differences occurred to be statistically significant (p < 0.05).

The subsequent analysis has revealed the statistical significance between TnT after
24 h observation and LVEF in patients diagnosed with acute coronary syndrome (p < 0.05;
R = −0.46), indicating that a low TnT peak value would be an essential marker of a better
outcome. The corresponding relationship was not confirmed in the myocarditis group, or
for TnT on admission in both.

As part of the initial assessment, the CRP level was also evaluated. The median value
on admission was 45.9 (IQR 17.2–121) for patients with CMR-confirmed myocarditis and 3.4
(IQR 1.8–9.8) for patients with a final diagnosis of MI (p < 0.001), with the cutoff value of 16.1
for the acute myocarditis diagnosis. The area under the receiver operating characteristic
(ROC) curve (AUC) was 0.869 (standard error = 0.042, 95% confidence interval: 0.786–0.952).
There was also a statistically significant difference between the groups, considering CRP
peak values during the observation (p = 0.014).

In the subsequent analysis, we also generated a ROC curve to test the sensitivity and
specificity of the age for the diagnosis of acute myocarditis. The highest combination of
sensitivity (90%) and specificity (77.5%) was obtained at the cutoff point for the age of
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36 years. The AUC was 0.875 (standard error = 0.041, 95% confidence interval: 0.795–0.954)
(Figure 3).
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Figure 3. ROC curve of the age for the diagnosis of acute myocarditis. The AUC was 0.875 (standard
error = 0.041, 95% confidence interval: 0.795–0.954). It shows that the sensitivity (90%) and specificity
(77.5%) of the age is adequate in statistics.

The detailed distribution of variables including age, the CRP value on admission, and
the history of recent infection of <3 weeks, depending on the final diagnosis, is depicted in
the 3D Figure 4a,b.
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Figure 4. Three-dimensional charts showing the distribution of variables based on age, CRP level on
admission, and history of recent infection: (a) Myocarditis; (b) Myocardial infarction.

It graphically presents that patients suffering from acute myocarditis are younger,
with abnormal levels of CRP values and past histories of recent infections, in contrast to
patients with AMI. Taking into account all the three parameters collectively (history of
recent infection, abnormal CRP value on admission >5 mg/L, and an age < 36 years), there
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are no patients in the MI group and there are as many as 27 patients (67.5%) diagnosed
with myocarditis fulfilling the three criteria altogether (Figure 5).
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Figure 5. Multiparametric model including abnormal CRP level on admission > 5 mg/L, history
of recent infection, and age < 36 years; all three are divided into groups presented as number of
patients (%).

Further, the ECG parameters with special regards to the QTc interval on admission
were analysed. The median QTc duration for acute myocarditis was 413 ms (IQR 319–561)
and 452 ms (IQR 366–621) for MI with p < 0.001. Statistical assessment has disclosed a
significant correlation between the QTc interval duration and the LVEF in MI, myocarditis
group, and both with respective values of p < 0.001, r = −0.5739; p < 0.05, r = −0.3389;
p < 0.01, r = −0.5576. The cutoff point for increased risk of myocardial injury was 440 ms
with the AUC of 0.735 (standard error = 0.055, 95% confidence interval: 0.627–0.844)
(Figure 6).
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Further, the ECG parameters with special regards to the QTc interval on admission 

were analysed. The median QTc duration for acute myocarditis was 413 ms (IQR 319–561) 

and 452 ms (IQR 366–621) for MI with p < 0.001. Statistical assessment has disclosed a 

significant correlation between the QTc interval duration and the LVEF in MI, myocarditis 
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Figure 6. ROC curve of the QTc on admission for the ejection fraction measured during the first 48 h
since admission. The AUC was 0.735 (standard error = 0.055, 95% confidence interval: 0.627–0.844).

During the course of the hospitalisation, all patients enrolled in our study had an
echocardiography performed. No wall motion abnormality was detected in merely six
patients with MI and as many as 21 patients with a final diagnosis of myocarditis. The
median left ventricular ejection fraction (modified Simpson’s rule) was 58% (IQR 53–60)
and 50% (IQR 45–50) for myocarditis and MI, respectively.
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4. Discussion

Differentiation between myocarditis and MI remains one of the most crucial issues for
the clinicians who meet young patients with ST-segment elevation in their ECG during their
hospital practise. The clinical picture, including chest pain, dyspnea, and ECG changes,
is not specific; hence, correct diagnostic and therapeutic processes still remain a great
challenge in the ED. In our study, patients ≤ 45 years old constitute 6.5% of all admissions
with an initial diagnosis of STEMI; 44.4% were finally diagnosed with acute myocarditis.
The research might reveal that these patients are supposed to be younger, of male sex, and
with a more frequent history of recent infection or antibiotic therapy [4,14,18]. On the other
hand, obesity (defined as BMI > 30 kg/m2), smoking, and arterial hypertension prior to
admission, as the prominent cardiovascular risk factors, were significantly more related
to MI. Arterial hypertension was present in 44%, smoking in 74%, and obesity in 36% of
MI cases. In contrast to the previous studies, diabetes and family history of CAD occurred
to be statistically insignificant whereas hyperlipidemia was significantly more associated
with STEMI [4,17,23].

In young patients presenting ST-segment elevation in the ED coronary angiography,
the first exam performed to exclude obstructive CAD. At present, in most cases, this
invasive technique is much more available than CTA or CMR imaging [9].

The CTA has an excellent ability to exclude significant CAD, and when patients
show normal coronary arteries, no further testing is required. The studies prove that
patients with low and intermediate pretest probability of CAD (estimated using the Duke
Clinical Score, which includes chest pain, age, gender, and traditional risk factors) benefit
the most from CTA, with a sensitivity and specificity for the test of up to 100% and
93%, respectively [24]. According to Hoffmann et al., the diagnostic accuracy of CTA in
patients with acute chest pain and the initial diagnosis of ACS in the ED is estimated
at 100% sensitivity and 84% specificity [25]. Additionally, CT (computed tomography)
is increasingly enumerated beside MRI as an alternative imaging tool for estimation of
myocardial oedema or myocardial fibrosis, particularly in those with contraindications to
the latter. Several studies have demonstrated that, similarly to MRI, in CT imaging the
late contrast enhancement may visualise the difference between the normal and damaged
myocardium [26,27].

The ESC guidelines published in 2017 define proceedings relating to patients with ST-
segment elevation. They directly state the requirement of immediate reperfusion strategy
(maximum expected delay of <120 min. from initial diagnosis of STEMI to choose coronary
angiography over fibrynolysis) in patients with ST-segment elevation, fulfilling the criteria
for suggestive, ongoing coronary artery acute occlusion. Therefore, only after ruling out
obstructive CAD is there room for consideration of differential diagnosis of STEMI and
any other additional imaging studies, especially including echocardiography and CMR [2].
Likewise, in the Position Statement of the ESC of Cardiology Working Group on Myocardial and
Pericardial Diseases, published in 2013, coronary angiography is enumerated beside EMB
as a procedure recommended for consideration for all patients with clinically suspected
myocarditis [11]. Thus, further studies are necessary to meet demand for the new criteria,
to make the diagnosis of myocarditis more reliable and to potentially avoid the use of
invasive and more costly diagnostics towards, for example, increased use of CTA in clinical
practice.

CMR has become an integral part of the work-up of suspected myocarditis. In 2009,
the Lake Louise criteria for diagnosis of myocarditis were based on traditional CMR
techniques, including assessment of signal intensity in T2-weighted imaging and early
and late gadolinium enhancement. It was suggested to assume a high likelihood of acute
myocarditis if the CMR images indicated that two out of three criteria were fulfilled. In
recent years, newly developed parametric mapping techniques such as T1 and T2 time
and extracellular volume (ECV) have emerged as important complements to the previous
components. These advances found their application in the 2018 update to the Lake
Louise criteria, which recommend use of at least one T1-based sequence (T1 mapping
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and increase of ECV or LGE) and at least one T2-based technique (T2 mapping or T2-
weighted sequence). The presence of a signal abnormality on both (“two out of two”)
T1 and T2-based imaging constitutes a diagnosis [19,28]. It seems that introduction of
the mapping techniques may increase the sensitivity of the acute myocarditis detection
while maintaining its specificity [29]. However, it remains important to take into account
that myocardial inflammation and myocardial injury are not specific to viral myocarditis,
but they also occur in acute MI, cardiotoxity, and Takotsubo syndrome. The literature
underlines the crucial role of the integration of clinical data, necrosis biomarkers, and
imaging examinations in the whole diagnostic process [30,31].

A differential diagnosis between acute MI and myocarditis on the basis of laboratory
findings may sometimes be difficult. Both diseases might be presented with increased
levels of cardiac serum enzymes and inflammatory biomarkers [4,32,33]. However, a
TnT level within normal limits does not exclude the diagnosis of myocarditis but may
constitute a prognostic factor of a better outcome [27,34,35]. Serum cardiac biomarkers are
routinely measured in patients presenting with chest pain in ED. Troponin is released into
circulation from the damaged myocardium and is widely used as an indicator of the degree
of myocardial injury [36]. In the case of myocarditis, cardiac serum enzymes are usually
abnormal but there is an atypical release pattern. They are increased on admission with a
suspected benign course and relatively late normalisation.

The subsequent parameters associated with diagnosis of myocarditis are electrocardio-
graphic features. Beside ST-segment and T-wave changes, QRS duration, and QRS-T angle,
the QTc interval is supposed to be associated with abnormal tissue characteristics and may
play a role in risk stratification [37–39]. In our study, the inverse correlation between QTc
duration and LVEF was revealed irrespective of the final diagnosis.

Based on our study, all of the above-mentioned features, including young age, absence
of cardiovascular risk factors, history of fever or any other infection symptoms, atypi-
cal troponin release, and an increased CRP level on admission may compose a low-risk
MI patient’s profile. Until now, there have been few studies sufficiently differentiating
myocarditis and MI on the grounds of the non-invasive tests [9,13,17,33]. They have rec-
ommended assessment of the MI risk among young patients with ST-segment elevation
before the invasive procedures. In our study, we attempted to find a cutoff value for the
lowest risk of obstructive CAD. The highest combination of sensitivity and specificity of
the test was obtained at the cutoff point for the age of 36 years. In our study, we suggest
the three-parameter model, including the history of recent infection, an abnormal CRP
value on admission > 5 mg/L, and the age of < 36 years, which might become a simple
but essential tool for initial differentiation between acute myocarditis and MI in clinical
practice.

Non-invasive diagnostics including clinical features, ECG patterns, abnormal labo-
ratory findings, and the history of recent infection may constitute new starting points for
consideration of the separation of the myocarditis group without additional imaging in
patients for which the obstructive CAD had been excluded.

5. Limitations

Some limitations of the study need to be noted. Initially, this is a single-centre, retro-
spective study resulting in the relatively small number of patients. Secondly, despite the
fact that EMB is still regarded as a gold standard for the diagnosis of myocarditis, according
to the position of expert groups in ESC guidelines, it was not performed in any case. In our
study, the diagnosis of acute myocarditis was confirmed in compliance with the updated
2018 Lake Louise criteria in the whole population (increased signal intensity in T2-weighted
imaging and increased signal intensity with a non-ischeamic distribution pattern in LGE
images). The novel techniques of myocardial CMR imaging (T1, T2 mapping, ECV) were
not routinely performed.
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6. Conclusions

In conclusion, in young patients with ST-segment elevation in their ECG, the differen-
tiation is dominated by myocardial infarction and acute myocarditis. Due to their similar
clinical presentation, this may sometimes prove difficult. Nevertheless, non-invasive di-
agnostics have the potential to become essential tools for the assessment of patients with
suspected myocarditis. Taking into account the necessity of the obstructive CAD exclusion,
it appears that for young patients in their twenties with chest pain in the ED, as well as
a history of recent infection and increased laboratory biomarkers of inflammation, the
non-invasive testing for CAD—with particular attention to CTA—might be considered
if it is fully available. For further optimisation of the diagnostic algorithms, multi-centre
studies are required.

Author Contributions: Conceptualisation, P.W. and M.Z.; methodology, P.W., K.P., K.S. and M.K.;
software, M.K.; validation, M.Z., K.S. and M.K.; formal analysis, P.W.; investigation, P.W. and
K.P.; resources, P.W. and K.P.; data curation, K.P. and P.W.; writing—original draft preparation,
P.W.; writing—review and editing, K.S. and M.Z.; visualisation, M.Z.; supervision, M.Z.; project
administration, M.Z. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of Medical
University of Lodz (No RNN/03/20/KE).

Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Miranda, D.F.; Lobo, A.S.; Walsh, B.; Sandoval, Y.; Smith, S.W. New insight into the use of the 12-lead electrocardiogram for

diagnosis acute myocardial infarction in the emergency department. Can. J. Cardiol. 2018, 34, 132–145. [CrossRef] [PubMed]
2. Ibanez, B.; James, S.; Agewall, S.; Antunes, M.J.; Bucciarelli-Ducci, C.; Bueno, H.; Caforio, A.L.P.; Crea, F.; Goudevenos, J.A.;

Halvorsen, S.; et al. 2017 ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-
segment elevation: The Task Force for the management of acute myocardial infarction in patients presenting with ST-segment
elevation of the European Society of Cardiology (ESC). Eur. Heart J. 2018, 39, 119–177. [CrossRef] [PubMed]

3. De Bliek, E.C. ST elevation: Differential diagnosis and caveats. A comprehensive review to help distinguish ST-elevation
myocardial infarction from nonischemic etiologies of ST elevation. Turk. J. Emerg. Med. 2018, 18, 1–10. [CrossRef] [PubMed]

4. Stensaeth, K.H.; Fossum, E.; Hoffmann, P.; Mangschau, A.; Klow, N.E. Clinical characteristics and role of early cardiac magnetic
resonance imaging in patients with suspected ST-elevation myocardial infarction and normal coronary arteries. Int. J. Cardiovasc.
Imaging 2011, 27, 355–365. [CrossRef]

5. Hausvater, A.; Pasupathy, S.; Tornvall, P.; Gandhi, H.; Tavella, R.; Beltrame, J.; Agewall, S.; Ekenbäck, C.; Brolin, E.B.; Hochman,
J.S.; et al. ST-segment elevation and cardiac magnetic resonance imaging findings in myocardial infarction with non-obstructive
coronary arteries. Int. J. Cardiol. 2019, 287, 128–131. [CrossRef]

6. Wu, C.-H.; Liu, P.-Y.; Tsai, T.-N.; Lin, C.-S.; Lin, W.-Y.; Cheng, C.-C.; Lin, W.-S.; Hsu, C.-H.; Liou, J.-T.; Cheng, S.-M.; et al. Clinical
and prognostic correlates of ST-elevation myocardial infarction patients with normal coronary angiography. J. Med. Sci. 2015, 35,
135–140. [CrossRef]

7. Widimsky, P.; Stellova, B.; Groch, L.; Aschermann, M.; Branny, M.; Zelizko, M.; Stasek, J.; Formanek, P. Prevalence of normal
coronary angiography in the acute phase of suspected ST-elevation myocardial infarction: Experience from the PRAGUE studies.
Can. J. Cardiol. 2006, 22, 1147–1152. [CrossRef]

8. Pasupathy, S.; Tavella, R.; McRae, S.; Beltrame, J.F.; University of Adelaide; Central Adelaide Local Health Network; Pathology,
A.S. Myocardial Infarction with Non-obstructive Coronary Arteries—Diagnosis and Management. Eur. Cardiol. Rev. 2015, 10,
79–82. [CrossRef]

9. Saricam, E.; Saglam, Y.; Hazirolan, T. Clinical evaluation of myocardial involvement in acute myopericarditis in young adults.
BMC Cardiovasc. Disord. 2017, 17, 129. [CrossRef]

10. Wang, Z.; Wang, Y.; Lin, H.; Wang, S.; Cai, X.; Gao, D. Early characteristics of fulminant myocarditis vs non-fulminant myocarditis.
Medicine 2019, 98, e14697. [CrossRef]

11. Caforio, A.L.P.; Pankuweit, S.; Arbustini, E.; Basso, C.; Gimeno-Blanes, J.; Felix, S.B.; Fu, M.; Heliö, T.; Heymans, S.; Jahns, R.; et al.
Current state of knowledge on aetiology, diagnosis, management, and therapy of myocarditis: Position statement of the European
Society of Cardiology Working Group on Myocardial and Pericardial Diseases. Eur. Heart J. 2013, 34, 2636–2648. [CrossRef]

12. Fung, G.; Luo, H.; Qiu, Y.; Yang, D.; McManus, B. Myocarditis. Circ. Res. 2016, 118, 496–514. [CrossRef] [PubMed]

http://doi.org/10.1016/j.cjca.2017.11.011
http://www.ncbi.nlm.nih.gov/pubmed/29407007
http://doi.org/10.1093/eurheartj/ehx393
http://www.ncbi.nlm.nih.gov/pubmed/28886621
http://doi.org/10.1016/j.tjem.2018.01.008
http://www.ncbi.nlm.nih.gov/pubmed/29942875
http://doi.org/10.1007/s10554-010-9671-7
http://doi.org/10.1016/j.ijcard.2019.04.028
http://doi.org/10.4103/1011-4564.163820
http://doi.org/10.1016/S0828-282X(06)70952-7
http://doi.org/10.15420/ecr.2015.10.2.79
http://doi.org/10.1186/s12872-017-0564-8
http://doi.org/10.1097/MD.0000000000014697
http://doi.org/10.1093/eurheartj/eht210
http://doi.org/10.1161/CIRCRESAHA.115.306573
http://www.ncbi.nlm.nih.gov/pubmed/26846643


J. Clin. Med. 2022, 11, 916 11 of 12

13. Mosebach, C.M.; Tandon, V.; Kumar, M. Acute Myocarditis Presenting as Acute Coronary Syndrome. Cureus 2019, 11, e5212.
[CrossRef] [PubMed]

14. Costantini, M.; Tritto, C.; Licci, E.; Sticchi, G.; Capone, S.; Montinaro, A.; Bruno, A.; Nuzzaci, G.; Picano, E. Myocarditis with
ST-elevation Myocardial Infarction presentation in young man. A case series of 11 patients. Int. J. Cardiol. 2005, 101, 157–158.
[CrossRef] [PubMed]

15. Freixa, X.; Sionis, A.; Castel, A.; Guasch, E.; Loma-Osorio, P.; Arzamendi, D.; Roig, E.; Perez-Villa, F. Low Troponin-I Levels on
Admission Are Associated with Worse Prognosis in Patients With Fulminant Myocarditis. Transplant. Proc. 2009, 41, 2234–2236.
[CrossRef]

16. Leitman, M.; Vered, Z.; Tyomkin, V.; Macogon, B.; Moravsky, G.; Peleg, E.; Copel, L. Speckle tracking imaging in inflammatory
heart diseases. Int. J. Cardiovasc. Imaging 2018, 34, 787–792. [CrossRef]

17. Pellaton, C.; Monney, P.; Ludman, A.J.; Schwitter, J.; Eeckhout, E.; Hugli, O.; Muller, O. Clinical features of myocardial infarction
and myocarditis in young adults: A retrospective study. BMJ Open 2012, 2, e001571. [CrossRef] [PubMed]

18. Heidecker, B.; Ruedi, G.; Baltensperger, N.; Gresser, E.; Kottwitz, J.; Berg, J.; Manka, R.; Landmesser, U.; Lüscher, T.F.; Patriki,
D.; et al. Systematic use of cardiac magnetic resonance imaging in MINOCA led to a five-fold increase in the detection rate of
myocarditis: A retrospective study. Swiss Med. Wkly. 2019, 149, w20098. [CrossRef]

19. Ferreira, V.M.; Schulz-Menger, J.; Holmvang, G.; Kramer, C.M.; Carbone, I.; Sechtem, U.; Kindermann, I.; Gutberlet, M.; Cooper,
L.T.; Liu, P.; et al. Cardiovascular Magnetic Resonance in Nonischemic Myocardial Inflammation: Expert Recommendations.
J. Am. Coll. Cardiol. 2018, 72, 3158–3176. [CrossRef]

20. Meindl, C.; Paulus, M.; Poschenrieder, F.; Zeman, F.; Maier, L.S.; Debl, K. Patients with acute myocarditis and preserved systolic
left ventricular function: Comparison of global and regional longitudinal strain imaging by echocardiography with quantification
of late gadolinium enhancement by CMR. Clin. Res. Cardiol. 2021, 110, 1792–1800. [CrossRef]

21. Kramer, C.M.; Barkhausen, J.; Bucciarelli-Ducci, C.; Flamm, S.D.; Kim, R.J.; Nagel, E. Standardized cardiovascular magnetic
resonance imaging (CMR) protocols: 2020 update. J. Cardiovasc. Magn. Reson. 2020, 22, 17. [CrossRef] [PubMed]

22. Yumuk, V.; Tsigos, C.; Fried, M.; Schindler, K.; Busetto, L.; Micic, D.; Toplak, H. European Guidelines for Obesity Management in
Adults. Obes. Facts 2015, 8, 402–424. [CrossRef]

23. Rosselló, X.; Wiegerinck, R.F.; Alguersuari, J.; Bardají, A.; Worner, F.; Sutil, M.; Ferrero, A.; Cinca, J.; Sutil-Vega, M. New
Electrocardiographic Criteria to Differentiate Acute Pericarditis and Myocardial Infarction. Am. J. Med. 2014, 127, 233–239.
[CrossRef] [PubMed]

24. Meijboom, W.B.; van Mieghem, C.A.G.; Mollet, N.R.; Pugliese, F.; Weustink, A.C.; van Pelt, N.; Cademartiri, F.; Nieman, K.;
Boersma, E.; de Jaegere, P.; et al. 64-slice computed tomography coronary angiography in patients with high, intermediate, or low
pretest probability of significant coronary artery disease. J. Am. Coll. Cardiol. 2007, 50, 1469–1475. [CrossRef]

25. Hoffmann, U.; Bamberg, F.; Chae, C.U.; Nichols, J.H.; Rogers, I.S.; Seneviratne, S.K.; Truong, Q.A.; Cury, R.C.; Abbara, S.; Shapiro,
M.D.; et al. Coronary Computed Tomography Angiography for Early Triage of Patients With Acute Chest Pain: The ROMICAT
(Rule Out Myocardial Infarction using Computer Assisted Tomography) Trial. J. Am. Coll. Cardiol. 2009, 53, 1642–1650. [CrossRef]

26. Scully, P.R.; Bastarrika, G.; Moon, J.C.; Treibel, T. Myocardial Extracellular Volume Quantification by Cardiovascular Magnetic
Resonance and Computed Tomography. Curr. Cardiol. Rep. 2018, 20, 15. [CrossRef] [PubMed]

27. Palmisano, A.; Vignale, D.; Tadic, M.; Moroni, F.; De Stefano, D.; Gatti, M.; Boccia, E.; Faletti, R.; Oppizzi, M.; Peretto, G.;
et al. Myocardial Late Contrast Enhancement CT in Troponin-Positive Acute Chest Pain Syndrome. Radiology 2021, 7, 211288.
[CrossRef]

28. Hahn, L.; Kligerman, S. Cardiac MRI Evaluation of myocarditis. Curr. Treat. Options Cardiovasc. Med. 2019, 21, 69. [CrossRef]
29. Ferreira, V.; Piechnik, S.K.; Dall’Armellina, E.; Karamitsos, T.; Francis, J.M.; Ntusi, N.; Holloway, C.J.; Choudhury, R.P.; Kardos, A.;

Robson, M.D.; et al. T1 Mapping for the Diagnosis of Acute Myocarditis Using CMR. JACC Cardiovasc. Imaging 2013, 6, 1048–1058.
[CrossRef]

30. Leiner, T.; Bogaert, J.; Friedrich, M.G.; Mohiaddin, R.; Muthurangu, V.; Myerson, S.; Powell, A.J.; Raman, S.V.; Pennell, D.J. SCMR
Position Paper (2020) on clinical indications for cardiovascular magnetic resonance. J. Cardiovasc. Magn. Reson. 2020, 22, 76.
[CrossRef]

31. Ammirati, E.; Cipriani, M.; Moro, C.; Raineri, C.; Pini, D.; Sormani, P.; Mantovani, R.; Varrenti, M.; Pedrotti, P.; Conca, C.;
et al. Clinical Presentation and Outcome in a Contemporary Cohort of Patients with Acute Myocarditis. Circulation 2018, 138,
1088–1099. [CrossRef] [PubMed]

32. Barfuss, S.B.; Butts, R.; Knecht, K.R.; Prada-Ruiz, A.; Lal, A.K. Outcomes of Myocarditis in Patients with Normal Left Ventricular
Systolic Function on Admission. Pediatr. Cardiol. 2019, 40, 1171–1174. [CrossRef] [PubMed]

33. Kaneko, K.; Kanda, T.; Hasegawa, A.; Suzuki, T.; Kobayashi, I.; Nagai, R. C-reactive protein as a prognostic marker in lympphicytic
myocarditis. Jpn. Heart J. 2000, 41, 41–47. [CrossRef] [PubMed]

34. Lauer, B.; Niederau, C.; Kühl, U.; Schannwell, M.; Pauschinger, M.; Strauer, B.-E.; Schultheiss, H.-P. Cardiac Troponin T in Patients
with Clinically Suspected Myocarditis. J. Am. Coll. Cardiol. 1997, 30, 1354–1359. [CrossRef]

35. Lauer, B.; Niederau, C.; Kühl, U.; Schannwell, M.; Pauschinger, M.; Strauer, B.E.; Schultheiss, H.P. Cardiac troponin T in the
diagnosis and follow up of suspected myocarditis. Deutsche Medizinische Wochenschrift 1998, 123, 409–417. [CrossRef] [PubMed]

36. Xu, D.; Zhao, R.C.; Gao, W.H.; Ciu, H.B. A risk predictor model for in-hospital mortality in patients with suspected myocarditis.
Chin. Med. J. 2017, 130, 782–790. [CrossRef] [PubMed]

http://doi.org/10.7759/cureus.5212
http://www.ncbi.nlm.nih.gov/pubmed/31565616
http://doi.org/10.1016/j.ijcard.2004.01.023
http://www.ncbi.nlm.nih.gov/pubmed/15860403
http://doi.org/10.1016/j.transproceed.2009.06.012
http://doi.org/10.1007/s10554-017-1284-y
http://doi.org/10.1136/bmjopen-2012-001571
http://www.ncbi.nlm.nih.gov/pubmed/23204138
http://doi.org/10.4414/smw.2019.20098
http://doi.org/10.1016/j.jacc.2018.09.072
http://doi.org/10.1007/s00392-021-01885-0
http://doi.org/10.1186/s12968-020-00607-1
http://www.ncbi.nlm.nih.gov/pubmed/32089132
http://doi.org/10.1159/000442721
http://doi.org/10.1016/j.amjmed.2013.11.006
http://www.ncbi.nlm.nih.gov/pubmed/24287008
http://doi.org/10.1016/j.jacc.2007.07.007
http://doi.org/10.1016/j.jacc.2009.01.052
http://doi.org/10.1007/s11886-018-0961-3
http://www.ncbi.nlm.nih.gov/pubmed/29511861
http://doi.org/10.1148/radiol.211288
http://doi.org/10.1007/s11936-019-0757-9
http://doi.org/10.1016/j.jcmg.2013.03.008
http://doi.org/10.1186/s12968-020-00682-4
http://doi.org/10.1161/CIRCULATIONAHA.118.035319
http://www.ncbi.nlm.nih.gov/pubmed/29764898
http://doi.org/10.1007/s00246-019-02127-x
http://www.ncbi.nlm.nih.gov/pubmed/31177303
http://doi.org/10.1536/jhj.41.41
http://www.ncbi.nlm.nih.gov/pubmed/10807528
http://doi.org/10.1016/S0735-1097(97)00317-3
http://doi.org/10.1055/s-2007-1023979
http://www.ncbi.nlm.nih.gov/pubmed/9581167
http://doi.org/10.4103/0366-6999.202747
http://www.ncbi.nlm.nih.gov/pubmed/28345541


J. Clin. Med. 2022, 11, 916 12 of 12

37. Chen, S.; Hoss, S.; Zeniou, V.; Shauer, A.; Admon, D.; Zwas, D.R.; Lotan, C.; Keren, A.; Gotsman, I. Electrocardiographic Predictors
of Morbidity and Mortality in Patients with Acute Myocarditis: The Importance of QRS-T Angle. J. Card. Fail. 2018, 24, 3–8.
[CrossRef]

38. Fischer, K.; Marggraf, M.; Stark, A.W.; Kaneko, K.; Aghayev, A.; Guensch, D.P.; Huber, A.T.; Steigner, M.; Blankstein, R.; Reichlin,
T.; et al. Association of ECG parameters with late gadolinium enhancement and outcome in patients with clinical suspicion of
acute or subacute myocarditis referred for CMR imaging. PLoS ONE 2020, 15, e0227134. [CrossRef]

39. Zlotoff, D.A.; Hassan, M.Z.O.; Zafar, A.; Alvi, R.M.; Awadalla, M.; Mahmood, S.S.; Zhang, L.; Chen, C.L.; Ederhy, S.; Barac, A.;
et al. Electrocardiographic features of immune checkpoint inhibitor associated myocarditis. J. Immunother. Cancer 2021, 9, e002007.
[CrossRef]

http://doi.org/10.1016/j.cardfail.2017.11.001
http://doi.org/10.1371/journal.pone.0227134
http://doi.org/10.1136/jitc-2020-002007

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Limitations 
	Conclusions 
	References

