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 Patient: Male, 40-year-old
 Final Diagnosis: Probable acute perimyocarditis
 Symptoms:	 Chest	pain	•	shortness	of	breath	•	tachycardia
 Medication: —
 Clinical Procedure: —
 Specialty: Cardiology

 Objective: Challenging differential diagnosis
 Background: A normal coronary angiogram in ST-elevation myocardial infarction (STEMI) can be considered a myocardial in-

farction with non-obstructive coronary arteries (MINOCA) until an alternative diagnosis is obtained. However, 
the COVID-19 pandemic might delay urgent coronary angiography in a resource-limited setting. Perimyocarditis 
often causes symptoms, such as chest pain, as well as ST-elevation and high cardiac troponin levels. This STEMI 
mimicker can also cause cardiogenic shock and death when not treated properly.

 Case Report: A 40-year-old man reported having acute onset of substernal chest pain, which was suspected to be STEMI. 
The patient was an active smoker without any risk factors or a history of cardiovascular disease. The exami-
nation showed elevated cardiac troponin I, ST-elevation in high lateral leads, and regional wall motion abnor-
mality (RWMA) by echocardiogram. Furthermore, thrombolytic therapy had failed, and rescue percutaneous 
coronary intervention was not performed due to the catheterization laboratory limitation during the COVID-19 
pandemic. Before coronary angiography, the patient was scheduled for 2 consecutive days of COVID-19 poly-
merase chain reaction (PCR) swabs. On the second day of hospitalization, the patient experienced a cardio-
genic shock. The COVID-19 PCR results were negative, while coronary angiography revealed normal coronary 
arteries. The patient was eventually diagnosed with probable acute perimyocarditis.

 Conclusions: Myocarditis is implicated in young patients without typical cardiovascular risk factors or in those with recent 
infection and cardiovascular symptoms mimicking acute coronary syndrome. It might also be present in situa-
tions where ST-elevation distribution on the electrocardiogram is discordant with the RWMA observed on the 
echocardiogram.

 Keywords:	 Myocarditis	•	Shock,	Cardiogenic	•	ST	Elevation	Myocardial	Infarction

 Full-text PDF: https://www.amjcaserep.com/abstract/index/idArt/936985

Authors’ Contribution: 
Study Design A

Data Collection B
Statistical Analysis C

Data Interpretation D
 Manuscript Preparation E

 Literature Search F
Funds Collection G

1 Department of Cardiology and Vascular Medicine, Soetomo General Hospital, 
Surabaya, Indonesia

2 Faculty of Medicine, Universitas Airlangga, Surabaya, Indonesia

e-ISSN 1941-5923
© Am J Case Rep, 2022; 23: e936985

DOI: 10.12659/AJCR.936985

e936985-1 Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Background

Electrocardiogram (ECG) and troponin levels are modalities com-
monly used to diagnose acute coronary syndrome (ACS). It is 
crucial to immediately treat a patient presenting ST-elevation 
myocardial infarction (STEMI). A normal coronary angiogram 
in this setting can be considered myocardial infarction with 
non-obstructive coronary arteries (MINOCA) until an alterna-
tive diagnosis is obtained [1].

The COVID-19 pandemic might delay urgent coronary angiog-
raphy in a resource-limited setting. This patient was initially di-
agnosed with STEMI, then identified as having MINOCA 2 days 
later. Therefore, the investigation of alternative diagnoses and 
appropriate treatment was delayed. Perimyocarditis is character-
ized by chest pain, as well as high cardiac troponin levels and ST-
elevation [2,3]. This makes the disease a great STEMI mimicker. 
Severe acute myocarditis requires quick detection and appropriate 
management because it can lead to cardiogenic shock and death.

Case Report

The patient, an Asian 40-year-old man, was referred to the 
Emergency Department (ED) due to a suspected high lateral 

STEMI. There were concerns of substernal chest pain with 6 h 
of onset, which radiated to the back. The chest pain was not 
exacerbated by inspiration or coughing, and there was also 
shortness of breath, nausea, vomiting, and ongoing fever since 
3 days ago with no apparent focus of infection. Furthermore, 
there was no prior medical history of hypertension, diabetes 
mellitus, heart disease, autoimmune disease, tuberculosis, 
COVID-19, relevant family comorbidities, or taking any drug. 
The patient had been smoking for 10 years, 1 pack per day. 
Also, a loading dose of aspirin 300 mg, clopidogrel 300 mg, 
as well as isosorbide dinitrate 5 mg sublingual had been ad-
ministered in the referring hospital.

At presentation, the patient was fully conscious, blood pres-
sure was normal at 118/78 mmHg, with tachycardia of 130 
beats/minute, shortness of breath with respiratory rate of 30 
breaths/minute, slightly elevated body temperature 37.8°C, 
and the peripheral oxygen saturation was 98%. The physical 
examination did not indicate any murmur, gallop, extrasystole, 
or rubs, the lungs were clear, and the extremities were warm 
without edema. Moreover, the ECG revealed a sinus rhythm 
tachycardia of 120 beats/minute with ST-elevation in leads I 
and aVL and reciprocal ST depression in leads II, III, and aVF 
(Figure 1A).
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Thrombolytic treatment was considered because the catheter-
ization laboratory was not operating for emergencies during 
the COVID-19 pandemic. The treatment was performed using 
alteplase 15 mg intravenous (i.v.) bolus, followed by 0.75 mg/kg 
IV in 30 minutes, and 0.5 mg/kg i.v. in 60 min. Subsequently, 
bilateral basal rales were observed, then the patient was giv-
en a 40-mg i.v. bolus of furosemide, the urine output reached 
700 cc, and the rales disappeared. Given that the ST-elevation 
was not resolved, ischemia progressed into the right bundle 
branch block (RBBB) pattern (Figure 1B). The patient still re-
ported having chest pain without a significant decrease in in-
tensity, indicating that the thrombolytic treatment had failed.

Blood tests were performed when the patient was admitted to 
the ED before thrombolysis, 6 h after the onset of chest pain. 
Laboratory results were notable for an elevated white blood 
cell count 12.20×103/uL (reference: 3.37-10.0×103/uL) and tro-
ponin I 31.38 (reference: <0.1 ng/mL), with normal hemoglo-
bin 12.3 g/dL (reference 13.3-16.6 g/dL), platelet 253×103/uL 
(reference: 150-450×103/uL), and eosinophil count 0.16×103/uL 
(reference: <0.5×103/uL). Transthoracic echocardiography (TTE) 
revealed inferoseptal and inferior hypokinesia (base and mid-
dle), with a left ventricular (LV) ejection fraction (EF) of 52%. 
The interventricular septum (IVS) was thickened up to 1.4 

cm, with pericardial effusion at the inferior 1.4 cm and pos-
terior 0.8 cm (Figure 2A, 2B), while the chest X-ray was nor-
mal. The patient was then given an injection of enoxaparin 
30 mg i.v. bolus 15 min later, followed by 1 mg/kg every 12 h 
subcutaneous, furosemide 20 mg every 24 h i.v. bolus, nitro-
glycerin pump 10 mcg/minute, oral aspirin 100 mg, atorvas-
tatin 40 mg, bisoprolol 1.25 mg, and ramipril 1×2.5 mg once a 
day, as well as paracetamol 500 mg 3 times a day when nec-
essary. Subsequently, the patient was admitted to the inten-
sive cardiovascular care unit for management of the acute 
coronary syndrome. Before coronary angiography, the patient 
was scheduled for 2 consecutive days of COVID-19 polymerase 
chain reaction (PCR) swabs because the facility did not have a 
negative-pressure catheterization laboratory.

On the second day of hospitalization, the patient experienced 
shock accompanied by a total atrioventricular (AV) block with 
ventricular escape rhythm of 66 beats per minute and a resolu-
tion of ST-segment elevation (Figure 3). Rapid bedside TTE was 
performed and found that the regional wall motion abnormality 
(RWMA) had expanded. Hypokinesia segments were found in 
the anterior (base, middle, and apical), anteroseptal (base and 
middle), inferoseptal (base and middle), septal (apical), and in-
ferior (base, middle, and apical). Echo hemodynamic parameters 

Figure 1.  (A) Electrocardiography pre-thrombolytic showed ST-elevation in leads I and aVL with reciprocal ST depression in leads II, III, 
and aVF. (B) Post-thrombolytic ECG showed ST-elevation in leads I and aVL with right bundle branch block pattern.
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Figure 2.  Transthoracic echocardiogram parasternal long axis view at admission showed thickened interventricular septum (arrow) 
and pericardial effusion at posterior (asterisk) (A). Short axis view showed thickened interventricular septum (arrow) and 
pericardial effusion at inferior and posterior (asterisk) (B).

A B

Figure 3.  Electrocardiography on the second day showed total atrioventricular block with a ventricular escape rhythm of 66 beats per 
minute and a resolution of ST-segment elevation.
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obtained systemic vascular resistance 1723 dynes.sec/cm5, car-
diac output 2.46 L/min, and cardiac index 1.29 L/minute/m2. 
The patient was given norepinephrine 0.1 mcg/kg/minute and 
dobutamine 7 mcg/kg/minute. The COVID-19 PCR swab re-
sults were negative, and coronary angiography was immedi-
ately performed and showed no coronary artery obstruction, 
signs of embolus, or dissection (Figure 4A-4D). Intravascular 
ultrasound (IVUS) was not performed due to national health 
insurance limitations. Optical coherence tomography (OCT) 
and endomyocardial biopsy (EMB) were also unavailable in 
the facility. The patient was initially diagnosed with MINOCA 

and cardiogenic shock, leading to the placement on an intra-
aortic balloon pump (IABP) and a temporary pacemaker. IABP 
was the only temporary mechanical circulatory support avail-
able in the facility.

Due to the facility’s limitations, the patient did not undergo a 
cardiac magnetic resonance imaging (CMRI) examination or a 
viral panel test. Laboratory evaluations showed hypokalemia 
with K 3.3 mmol/l, hypocalcemia Ca 7.18 mmol/l, an increase 
in C-reactive protein 15.91 mg/dL (reference: 0-1 mg/dL), and 
procalcitonin 0.6 ng/mL (reference <0.05 ng/mL). Furthermore, 

Figure 4.  Coronary angiography revealed normal coronary artery without obstruction, embolus, or dissection. Normal right coronary 
artery (A). Normal left circumflex coronary artery (B). Normal left anterior descending coronary artery (C). Normal left main 
coronary artery (D).

A
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the patient was diagnosed with probable acute perimyocar-
ditis and then treated with intravenous antibiotics using cef-
triaxone 1 g every 12 h, oral colchicine 0.5 mg 2 times a day, 
correction of electrolyte disturbances, and discontinuation of 
antiplatelets, anticoagulant, angiotensin-converting enzyme 
inhibitor (ACEi), beta-blocker, and statins.

During the treatment, the patient’s condition improved as dem-
onstrated by the absence of chest pain or shortness of breath. 
The ECG no longer showed ST-elevation, RBBB, or AV block. 
Left ventricular systolic function improved with LV EF 64%, IVS 
thickness returned to normal at 0.9 cm, and pericardial effu-
sion was reduced, as demonstrated in Figure 5A and 5B. The 
norepinephrine and dobutamine were then weaned on day 8 of 
treatment, followed by IABP weaning on the same day. Ramipril 
2.5 mg and bisoprolol 1.25 mg once a day were restarted, and 
the total hospital stay was 11 days. At 3-days post-discharge 
follow-up, the patient was in good condition, had a blood pres-
sure of 127/74 mmHg, with no concerns. Colchicine therapy 
0.5 mg 2 times a day was continued for up to 3 months, while 
the echocardiogram evaluation 3 months later was normal.

Discussion

The patient was first suspected of having ACS, with ST-elevation 
and elevated cardiac troponin I level. ST-elevation on the ECG 
and chest pain did not improve after thrombolytic therapy, but 
coronary angiography found no artery obstruction, embolus, or 
dissection signs. Angiography performed in the acute phase of 
suspected STEMI was found to be 5-15% of normal [6]. Chest 
pain in these cases might be due to coronary plaque disruption, 
cardiac causes other than the coronary artery, or extracardi-
ac [3,6,7]. Alternative diagnoses must be sought when MINOCA 
is found during coronary angiography. Coronary angiography 

might be delayed in the COVID-19 pandemic and in a resource-
limited setting, therefore all possible and necessary examina-
tions must be carried out immediately.

Myopericarditis is inflammatory pericarditis and myocardi-
um culminating in myocardial cellular damage [2,8]. This con-
dition is generally evaluated and treated as pericarditis, but 
when severe/prolonged ventricular dysfunction is found, it is 
called perimyocarditis [2]. Perimyocarditis must be evaluated 
and treated as myocarditis [9]. The clinical feature varies de-
pending on the myocardial involvement, thereby making the 
diagnosis challenging. It can progress into temporary or per-
manent ventricular dysfunction. Severe ventricular dysfunc-
tion can cause hemodynamic disorders due to acute cardio-
genic shock [4,5]. Fever, malaise, and myalgia tend to occur in 
the early stages of the disease [5]. Dyspnea is the most com-
mon symptom in adult patients, in addition to chest pain, fa-
tigue, edema, and palpitations [5].

Myocarditis is mainly caused by viral infections rather than 
bacterial or parasitic infections [8]. The most common type of 
myocarditis is acute lymphocytic, occurring in approximately 
55% of biopsy-proven cases [10]. Non-infectious etiologies in-
clude hypersensitivity reactions due to smallpox vaccination 
(0.01%), autoimmune diseases such as systemic sarcoidosis 
(2-5%), systemic lupus erythematosus (9%), and cardiotoxin 
substances such as immune-check inhibitor for cancer ther-
apy (1.14%) [5,10].

Myocarditis can cause ST-elevation on ECG; the more specific 
ECG changes for myocarditis include localized ST-elevation in 
inferolateral and anterolateral leads with concordant reciprocal 
depression, convex ST-segment, new Q wave, and prolonged 
QT interval [2]. A study showed that patients with acute myo-
carditis might also have AV block [11].

Figure 5.  Pre-discharge transthoracic echocardiogram parasternal long axis view showed interventricular septum thickness returned 
to normal (arrow) and posterior pericardial effusion reduced (asterisk) (A). Short axis view showed interventricular septum 
thickness returned to normal (arrow) and inferior pericardial effusion was reduced (asterisk) (B).
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Furthermore, myocarditis can be suspected in young patients 
without typical cardiovascular risk factors or those with symp-
toms or signs of recent infection mimicking acute coronary 
syndrome [9]. This also applies to situations where the distri-
bution of ST-segment elevation on ECG is discordant with the 
wall motion abnormalities observed on the echocardiogram, 
as demonstrated in the present patient. The ST-elevation in 
the high lateral leads was discordant with hypokinesis at infe-
rior and inferolateral segments on the initial echocardiogram.

Elevated cardiac troponin is common in myocarditis, especially 
in acute setting [5,12]. However, cardiac troponin levels are of 
no prognostic benefit, although they might increase similar-
ly to acute myocardial infarction conditions [5]. Serial cardiac 
troponin examination often shows the biphasic rapid rise and 
fall patterns on acute myocardial infarction. Persistent mono-
phasic troponinemia can be seen in myocarditis for 24-48 h 
before it falls [13]. This can help differentiate myocarditis from 
ACS when angiography cannot be performed immediately. 
C-reactive protein is also elevated in most adult patients but 
is not associated with a poorer prognosis [5].

Echocardiography is essential in a patient suspected to have 
myocarditis because it can reveal RWMA and chamber dila-
tation [9,14]. Systolic dysfunction is more often diffuse than 
regional or segmental [5,9]. Left ventricle ejection fraction 
might be normal or mildly reduced in the early stages of the 
disease [5], while pericardial effusion is found in about one- 
quarter of cases [5]. Echocardiographic features of fulminant 
myocarditis include myocardial edema, normal LV diastolic 
dimensions, and pericardial effusion [9]. In this present pa-
tient, apart from the discordant RWMA to the distribution of 
ST-segment elevation, pericardial effusion and thickened IVS 
were also found. This thickened IVS might be have been due 
to myocardial edema because it decreased to normal with 
treatment on serial inpatient echocardiograms.

The definitive diagnosis of myocarditis involves an EMB [15], 
but this method is invasive and less sensitive. False-negative 
results can be obtained when a biopsy is taken in an unin-
volved region due to the characteristic patchy inflammation [16]. 
Stage of presentation, tissue quality, and interobserver vari-
ability also affect the result [12]. The present patient was di-
agnosed with probable acute perimyocarditis because there 
was a dominant disorder of the myocardium with pericardial 
involvement without EMB for histological/immune-histologi-
cal evidence of myocarditis. In addition, the patient had a fe-
ver for 3 days, indicating an infection process. Cardiac troponin 
was elevated but serial troponin examinations were not car-
ried out. The ST-segment elevation distribution on surface ECG 
was discordant with the RMWA on the initial echocardiogram, 
while the IVS thickness increased, presumably due to myocar-
dial edema. On the second day, the ECG developed into total 

AV block, the RWMA expanded, and LV dysfunction worsened 
on serial echocardiograms, accompanied by progressive he-
modynamic deterioration, with a normal coronary angiogram.

The use of rate control agents, as well as negative inotropics 
such as verapamil, diltiazem, or metoprolol, to treat compensa-
tory sinus tachycardia must be avoided [9]. Cardiac output can 
depend on increased heart rate in patients with systolic dys-
function. Furthermore, non-steroidal anti-inflammatory drugs 
(NSAIDs) need to be avoided because they can cause myocardial 
damage and sodium retention, exacerbate renal hypoperfusion, 
and increase the risk of mortality [2,5,9]. The use of NSAIDs on 
humans with myocarditis still lacks supporting evidence. Animal 
studies show they aggravate myocardial inflammation and ne-
crosis, elevate viral titers, and reduce interferon [2,17]. About 
50% patients made a full recovery, some developed heart fail-
ure (30%), and about 20% required heart transplantation [5].

Fulminant myocarditis is characterized by severe acute cardi-
ac inflammation [9]; it can cause a rapid deterioration with-
in 2-3 days, often leading to death due to cardiogenic shock, 
arrhythmias, or multiorgan failure [9,18]. Stabilizing myocar-
ditis patients with cardiogenic shock requires hemodynamic 
support to maintain adequate tissue perfusion [9]. Temporary 
mechanical circulatory support devices, such as IABP, periph-
eral/implantable ventricular assist device, or extracorporeal 
life support, can be used to achieve adequate stabilization. 
Norepinephrine is less arrhythmic and improves survival in 
acute myocardial infarction with shock better than dopamine. 
However, it is unclear whether this can be generalized to pa-
tients with myocarditis [7]. Arrhythmias are common in myo-
carditis with cardiogenic shock, including atrial/ventricular 
tachyarrhythmia, bradyarrhythmia, or heart block [9]. A tem-
porary pacemaker might be needed in bradyarrhythmia with 
unstable hemodynamic conditions. Survival rates have been 
reported to range from 50% to 70% [19].

Colchicine has been shown to improve cardiac outcomes in in-
flammatory cardiac disorders, including pericarditis, through 
its antifibrotic and endothelial-protective features [4]. The 
European Society of Cardiology recommends using colchi-
cine as first-line therapy for various forms of pericarditis [20]. 
Colchicine therapy is beneficial because the inflammatory 
mechanisms of pericarditis and myocarditis are similar. Al-
Zahari et al reported 2 cases of myocarditis with improvement 
in clinical symptoms after the administration of colchicine [2]. 
Morgenstern et al added that the complete resolution of myo-
carditis based on the CMRI study was more common in myo-
carditis patients who received colchicine than in those who 
did not, with values of 63% vs 38% [21]. In addition, Gultekin 
and Cucu Kates reported that low-dose colchicine combined 
with conventional heart failure therapy improved LV EF in 5 
myocarditis patients [22].
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The present patient completed the intravenous antibiotic 
course and was given colchicine combined with ACEi and be-
ta-blocker. ECG evaluation before discharge showed no ST-
segment changes. The patient also had a repeat echocardio-
gram that showed improved LV EF, no RWMA, and IVS thickness 
returned to normal.

The present case report has several limitations. First, a CMRI 
examination was not performed due to the limited facilities. 
The patient also refused to undergo CMRI outside the facili-
ty due to the considerable expenses. CMRI is the primary mo-
dality in the MINOCA algorithm to differentiate the diagno-
ses of Takotsubo syndrome, myocarditis, or true myocardial 
infarction [7]. Furthermore, blood culture was not conducted 
because this study focused on acute myocardial infarction and 
did not consider sepsis shock due to findings on echocardiog-
raphy specific to cardiogenic shock, including severe left ven-
tricular systolic dysfunction, decreased stroke volume, elevated 
filling pressure, and systemic vascular resistance [23-25]. The 
viral panel test for serological/virological testing and EMB for 
histological diagnosis of myocarditis was not carried out due 
to the facility’s limitations. Intravascular imaging IVUS was not 
conducted due to national health insurance limitations, while 
OCT was unavailable.

Conclusions

The diverse clinical features of myocarditis make the diagno-
sis of this disease challenging. The COVID-19 pandemic and 
resource-limited settings can delay urgent coronary angiog-
raphy. Therefore, myocarditis can be suspected in young pa-
tients without typical cardiovascular risk factors or those with 
symptoms or signs of recent infection mimicking acute coro-
nary syndrome. This also applies to situations where the dis-
tribution of ST-elevation on surface ECG is discordant with 
the wall motion abnormalities observed on the echocardio-
gram. Therefore, it is very important to clarify the diagnosis of 
STEMI before administering a thrombolytic agent. Myocarditis 
in severe acute inflammation can cause cardiogenic shock and 
even death; therefore, it requires rapid detection and appro-
priate management.
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