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Clinical evaluation of myocardial
involvement in acute myopericarditis in
young adults
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Abstract

Background: Myocardial involvement in young adults has various causes. Acute myopericarditis is one of the
myocardial involvements in young adults. It is easy to confuse with acute ST-elevation myocardial infarction
because of the electrocardiographic features. This study aims to investigate a number of imaging techniques and
clinical features for acute myopericarditis in young adults (<30 years of age).

Methods: This retrospective study included 147 patients selected from the 2147 patients at the age of <30 with
acute chest pain admitted into emergency service between 2010 and 2016. Of 147 patients, 77 patients were
diagnosed with acute myopericarditis (group I) (between 18 and 30 aged) and 70 patients had ST-elevation
myocardial infarction (group II). The echocardiographic pictures and information of the patients in both groups
were rechecked in terms of impaired segmental wall-motion abnormalities, pericardial effusion, and additional
features.

Results: The patients in group I had focal echobright, which was defined as myocardial brightness in the left
ventricle regions, especially in posterior and lateral wall. Focal echobright was observed in the 75 of 77 cases of
acute myopericarditis in transthoracic echocardiogram. This sign was confirmed by cardiac magnetic resonance
imaging. Focal echobright sensitivity was 95%; its specificity was 93%; its predictive was 95.2%. Pericardial effusion
(83%) was observed in group I behind posterior wall. Its specificity was 81%; its sensitivity was 65%; predictivity
was 73%.

Conclusions: Pericardial effusion and myocardial focal echobright in echocardiography can be quite sensitive
indicators for acute myopericarditis in young adults.
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Background
Myocardial involvement in young adults (<30 years age)
has various causes other than atherosclerosis-related
acute myocardial infarction. Among these may be drug
abuse, congenital coronary abnormalities, coronary spasm,
trauma, systemic vasculitis, and hematologic disease [1].
Acute myopericarditis, one of the myocardial involve-
ments in young adults, manifests itself with chest pain,
increased cardiac biomarkers, and ST-segment elevation,

ST-T changes in electrocardiography [2–4]. Due to
ST-segment elevation in electrocardiography, acute
myopericarditis can mimic ST-segment elevation myocar-
dial infarction and thus distinguishing between acute myo-
pericarditis and ST-elevation myocardial infarction may
prove difficult. Furthermore, some patients can undergo
coronary angiography with a false diagnosis of acute myo-
cardial infarction [5]. According to the ESC Position state-
ment on myocarditis, for the diagnosis of myocarditis
coronary angiography and endomyocardial (EMB) biopsy
are required [6, 7]. If EMB endomyocardial biopsy is not
possible, the diagnosis is called “suspected diagnosis of
myocarditis” with or without associated pericarditis, and
can be supported by Cardiovascular Magnetic Resonance
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(CMR) according to Lake-Louise criteria [8, 9]. However,
CMR is not available in most centers in Turkey, while
echocardiography is widely available. One of the most
commonly used device in most centers, echocardiography
is a practical tool. In this study, we investigated a number
of imaging techniques (echocardiography, CMR) diagnos-
tic assessments and clinical features with acute myoperi-
carditis in young adults.

Methods
This retrospective study included 147 patients selected
from the 2147 patients at the age of <30 with acute chest
pain admitted into emergency department (ED) between
2010 and 2016. Of the 147 patients, 77 patients were di-
agnosed with acute myopericarditis (between 18 and 30
ages) and 70 patients (between 20 and 30 ages) had ST-
elevation myocardial infarction. All of the patients’ data
(physical examination, electrocardiogram, echocardio-
graphic picture, and blood analyzing with biochemical
measurements) were re-analyzed. The acute myopericardi-
tis diagnosis was made considering typical acute pericarditis
electrocardiography features and increased cardiac
troponin-I level. The echocardiographic pictures and
information of the patients with acute myopericarditis
diagnosis were rechecked in terms of impaired segmen-
tal wall-motion abnormalities, pericardial effusion, and
additional features. The two echocardiography readers
were blinded to the diagnosis so as not to have any
biases in interpreting the images. Standard transthorasic
echocardiography was performed in left lateral decubitus
position with Vingmed System Five Advantage echocardi-
ography device (General Electric, USA) 2.5 MHz transducer
and two dimensional images (2-D), M-mode and Doppler.
Depth in operation was 20 cm, dynamic range was 6. M-
mode and 2-D images of left ventricle were taken based on
the criteria of American Society of Echocardiography [10].
Three patients underwent CMR imaging within 72 h (see
Fig. 2 for one patient’s CMR).
Twenty patients of group I (20/77) underwent coron-

ary angiography, while all the patients in group II under-
went coronary angiography (70/70). Echocardiography
was performed for the patients in both groups.
The national guidelines do not require any approval of

an ethic committee, for this is a retrospective study.

Results
Fifty-five of the 77 patients with acute myopericarditis
(group I) had previous upper respiratory tract infection
histories. The patients in group I had pressure pain or
sharp and pressure types (mixed). During physical exam-
ination, a pericardial friction rub was heard in 35 pa-
tients (35/77). In group I, 52 of the 77 patients had
diffuse ST-elevation in all derivation; 19 patients had in-
ferior (in lead D2, D3, aVR) ST-segment elevation. Six

patients had lateral ST-segment elevation. Of the patients
in the group II, 33 had inferior ST-segment elevation, 10
lateral ST-segment elevation, 27 anterior ST-segment ele-
vation in electrocardiography.
All of the patients were monitored in terms of cardiac

enzyme during follow-up (CK, CK- MB, and troponin).
While cardiac troponin-I level increased up to 30 ng/ml
in acute myopericarditis patients, in group II, it increased
up to 90 ng/ml (Table 1).
In group I, coronary angiography showed normal

angiogram, while in group II patients had slow coronary
artery (38/70), coronary atherosclerosis induced stenosis
(10/70), drug abuse-induced coronary spasm (resolved
by intracoronary nitroglycerin) (3/70), mad honey intoxi-
cation induced spasm (1/70), vasculitis-induced coronary
involvement (5/70), trauma-induced myocardial contu-
sion (2/70), anxieties-induced coronary spasm (2/70),
spontan coronary dissection (4/70), coronary thrombosis
(4/70), coronary abnormalities (2/70) (Table 2).

Echocardiographic evaluation
Segmental-wall motion abnormalities were seen in the
patients in both groups. Segmental-wall motion abnor-
malities in acute myopericarditis group were not com-
patible with electrocardiography and echocardiographic
regions. For instance, acute myopericarditis cases with
anterior ST-segment elevation had no impairment of
apical and anterior segments, but posterior and lateral
walls were affected. Segmental-wall motion abnormal-
ities in ST-elevation myocardial infarction group were
compatible with ST-segment.
Pericardial effusion in posterior wall behind (83%) was

observed in group I. Its specificity was 81%; its sensitivity
was 65%, and its predictivity was 73% (Fig. 3).

Table 1 Differential diagnosis in acute myopericarditis

Acute myopericarditis

ECG ST concave elevation, PR depression except
for aVR

History Upper respiratory tract infection

Type of pain Mixed

Cardiac MRI (T2) Myocyte damage, edema, inflammation

Endo-myocardial biopsy
(acute phase)

Interstitial edema, myocyte damage,
lymphocytic infiltration

Coronary angiography Normal

Echocardiography Transient left ventricular wall thickening,
pericardial effusion, tissue Doppler abnormality,
detection of regional contractile and perfusion
abnormalities in strain imaging/mapping and
myocardial contrast echocardiography,
myocardial heterogeneity

Therapy Anti-inflammatory treatment
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Additional echocardiographic features, focal echobright,
and CMR
Most of the patients in group I (75/77) had myocardial
brightness in the left ventricle regions, especially in pos-
terior and lateral wall. We defined this appearance as
focal echobright. It was most frequently seen in the pos-
terolateral wall. Figure 1 shows the focal echobright in
the posterolateral wall in echocardiographic appearance.
However, there was no such appearance in the patients
in group II. Three patients in group I underwent CMR,
in which we saw a late gadolinium enhancement in the
subepicardial region concordantly with echocardiographic
focal echobright. This sign was confirmed by CMR.
Figure 2 shows late gadolinium enhancement in the

posterolateral wall in left ventricle short axis CMR.
Focal echobright sensitivity was 95%, and specificity
was 93%, and predictivity was 95.2% (Fig. 3).
In group I, the patients diagnosed with acute myo-

pericarditis took indomethacin/ibuprofen for 3 weeks
during non-steroidal therapy. These patients (exclud-
ing one patient) with acute myopericarditis were com-
pletely cured by rest and non-steroidal therapy. In two
patients, an electrical problem developed (atrial extra-
systol, temporary first atrioventricular block), which
was resolved through medical therapy. One patient
underwent temporary pacemaker implantation due to
symptomatic temporary second-degree Mobitz type I
(Wenckebach) AV block. One patient who had high
troponin I (30 ng/ml) level died of cardiogenic shock.
A definite myopericarditis diagnosis would have been
made if an autopsy could have been performed; how-
ever, it was not possible as the relatives of the patients
had no consent for the autopsy.

Statistical analysis
The patient characteristics and outcomes for group I
and group II were compared (Table 3). Mann-Whitney
U Test was used to compare the variables. P value <0.05
was considered statistically significant.

Discussion
Acute myopericarditis refers to the inflammation of
visceral pericardium (epicardium) together with adjacent
myocardium. The causes of acute myopericarditis are

Table 2 The causes of the myocardial involvement in young
adults (Group II) (<30 years age)

Patients in Group II n = 70

Slow coronary artery 38

Coronary atherosclerosis 10

Vasculitis 5

Spontan coronary dissection 4

Coronary thrombosis 4

Drug abuse 3

Trauma 2

Anxieties induced coronary spasm 2

Coronary artery abnormalities 2

Mad honey intoxication 1

Fig. 1 Focal echobright sign in posterolateral wall in echocardiography in acute myopericarditis (Patient 1)
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most frequently infectious (especially viral causes), im-
munological, caused by drug side-effects, malignancy,
and radiation. Due to the acute electrocardiography
appearance similar to ST-elevation myocardial infarction
in EDs, differential diagnosis is very important [11]. In
addition to acute chest pain, the most important electro-
cardiography finding of acute myopericarditis is ST-
segment elevation [12].
There are several theories to explain the ST changes in

acute myopericarditis. The first theory is myocardial in-
flammation resulting in mural thrombus and coronary
artery embolisation. The second theory is the effect of
catecholamine and vasoactive kinins causing spasm in
acute phase period of viral infection in coronary arteries.
The third is thrombus formation in coronary arteries
due to arteritis and platelet activation [13].
Differential diagnosis in patients with no reciprocal

ST-segment changes may be difficult. Differential char-
acteristics of acute myopericarditis may be listed as the
patient’s being younger than 40 years old, new viral infec-
tion findings, and electrocardiography changes occupying
more than one vascular region (10). Electrocardiography
provides additional information. While ST-segment in
ST-elevation myocardial infarction appears as convex,
ST-segment in acute myopericarditis is seen as concave.
PR-segment depression in acute myopericarditis is

Fig. 2 MRI imaging in the short axis. Posterior and posterolateral
late gadolinium enhancement in the subepicardial region in with
acute myopericarditis (Patient 1)

Fig. 3 Test results for myocardial focal echobright and pericardial effusion
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observed except for aVR lead. Q-wave is rarely seen in
acute myopericarditis. Early repolarization has also pre-
cordial ST-elevation, but cardiac enzymes are normal
and ST-segment/T wave amplitude ratio is below 0.25 [14].
Coronary angiography is an invasive technique used to

differentiate between acute myopericarditis and ST-
elevation myocardial infarction. While coronary angiog-
raphy in acute myopericarditis is normal, ST-elevation
myocardial infarction case has serious lesions responsible
for infarct. However, distinctive diagnosis between acute
myopericarditis and ST-elevation myocardial infarction
may sometimes be difficult. Khavandi et al. have reported
a case of a 25-year-old man with acute streptococcal myo-
pericarditis mimicking acute myocardial infarction [5] and
have performed coronary angiography. Additionally, Salis-
bury et al. noted that the patients with acute coronary syn-
drome underwent coronary angiography in their health
center and 16.8% of them were diagnosed with acute peri-
carditis [15].
In differential diagnosis, CMR may be used. It may play

a significant role in avoiding invasive diagnosis [16]. It can
noninvasively show myocardial tissue edema, myocyte
impairment, and inflammation [17, 18]. Cardiovascular
magnetic resonance criteria for myocarditis (Lake Louise
Criteria) include regional myocardial edema, hyperemia in
images acquired early after contrast injection, and inflam-
matory necrosis in images acquired late (>10 min) after
contrast injection [19]. In a study comparing cardiac MRI
and echocardiography, abnormal myocardial delayed en-
hancement was seen on cardiac MRI in 21 of 23 (91%)
patients. Regional rather than global involvement was seen
mainly in the inferolateral segments [20].
In endomyocardial biopsy, cardiomyocyte injury,

myocardial inflammation (lymphocyte infiltration), and
interstitial edema are seen in acute myopericarditis
[21], whereas coagulation necrosis and neutrophilic in-
filtration are observed histologically in ST-elevation
myocardial infarction [22].

Echocardiography studies in acute myopericarditis are
limited in number. An increase in the left ventricular
wall thickness in acute myopericarditis was shown in an
echocardiographic and histo-pathological study conducted
by Hiramitsu et al. The increase in the wall thickness was
thought to be related to interstitial edema [23]. Lynch et
al. evaluated mitral annular and velocity vector imaging in
acute myopericarditis [24]. Afonso et al. stated that strain
imaging and real- time myocardial contrast echocardiog-
raphy supported the detection of regional contractile and
perfusion abnormalities in acute myocarditis [25]. Simi-
larly, Escher et al. suggested that speckle tracking echocar-
diography was a useful tool for evaluation acute
myocarditis [26]. In addition, we observed a focal echob-
right sign in echocardiography in the assessment of acute
myopericarditis. Since a focal echobright is present only in
acute acute myopericarditis cases, this sign might be re-
lated to the acute phase of inflammation. Late gadolinium
subepicardial enhancement in CMR supports this echo-
cardiographic focal echobright. On the other hand, peri-
cardial effusion was observed behind the posterior wall in
acute myopericarditis [27]. We did not observe any peri-
cardial tamponades. While the Lake Louise Criteria con-
sider the presence of pericardial effusion as a supportive
criterion only, other recent information has suggested that
the assessment of pericardial effusion may improve the
sensitivity of the CMR scan [28, 29].

Limitations
Endomyocardial biopsy indicating interstisiel edema could
not be performed.

Conclusions
The causes of myocardial involvement in young adults
are varied. Distinctive diagnosis of acute myopericarditis
might sometimes prove difficult. Echocardiography is a
non-invasive, rapidly accessible application which helps
the clinician during the clinical evaluation of the patient
in acute myopericarditis. Pericardial effusion and focal
echobright can be quite sensitive findings in acute myo-
pericarditis. Further research is required.

Abbreviations
AV block: Atrioventricular block; CK- MB: Creatine kinase-MB; CK: Creatine
kinase-MB; CMR: Cardiac magnetic resonance imaging; ESC: European Society
of Cardiology

Acknowledgements
We thank the editors and reviewers of BMC Cardiovascular Disorders for their
suggestions.

Availability of data and materials
The data are kept confidential because of our agreement with the hospital.
According to the the agreement, the data could be used only for our study
and they cannot be made public.

Table 3 Patient characteristics

Acute myopericarditis
group (n = 77)

STEMI group
(n = 70)

Age range 18–30 20–30

Male/Female 49/28 53/17

ECG abnormality ST elevation, PR elevation ST elevation

Upper respiratory tract
infection history

yes no

Pain type mixt (sharp and pressure like) typical

Pericardial friction rub 35/77 2/70

Pericardial effusion 83% 7 (10%)

Segmental wall motion
abnormality -ECG

Incompatible compatible

Myocardial heterogeneity yes none

Saricam et al. BMC Cardiovascular Disorders  (2017) 17:129 Page 5 of 6



Authors’ contributions
ES has made substantial contributions to conception and design of the
study and to writing the manuscript. YS has made substantial contributions
to the acquisition, analysis and interpretation of the data. TH has contributed
to the interpretation of the imaging techniques and revising the manuscript
critically. All authors have read and approved the final version of this manuscript.

Funding
No funding was received for this study.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
The national guidelines do not require any approval of an ethic committee,
for this is a retrospective study. The permission to use patient data was
received from Department of Radiology, Hacettepe University. The patients
agreed that their data could be used for research purposes.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Cag Hospital and Medicana International Ankara Hospital, Cardiology Clinic,
Ankara, Turkey. 2Department of Radiology, School of Medicine, Hacettepe
University, Ankara, Turkey. 3Present Address: Medicana International Ankara
Hospital, Sogutozu District 2165 St. No: 6 Sogutozu, Ankara, Turkey.

Received: 18 November 2016 Accepted: 11 May 2017

References
1. Ren MY, Zhang CS, Zhang XJ, Zhong JQ. Acute Myocardial Infarction in a

Young Man with Hyperhomocysteinemia and Pulmonary Tuberculosis.
Intern Med. 2016;55(2):153–9.

2. Lee TH, Goldman L. Evaluation of the patient with acute chest pain. N Engl
J Med. 2000;342(16):1187–95.

3. Wang K, Asinger RW, HJL M. ST-segment elevation in conditions other than
acute myocardial infarction. N Engl J med. 2003;349(22):2128–35.

4. Theleman KP, Kuiper JJ, Roberts WC. Acute myocarditis (predominately
lymphocytic) causing sudden death without heart failure. Am J Cardiol.
2001;88:1078–83.

5. Khavandi A, Whitaker J, Elkington A, Probert J, Walker PR. Acute
streptococcal myopericarditis mimicking myocardial infarction. Am J Emerg
Med. 2008;26(5):638.e1–2.

6. Agewall S, Beltrame JF, Reynolds HR, Niessner A, Rosano G, Caforio AL, De
Caterina R, Zimarino M, Roffi M, Kjeldsen K, Atar D, Kaski JC, Sechtem U,
Tornvall P, WG on Cardiovascular Pharmacotherapy. ESC working group
position paper on myocardial infarction with non-obstructive coronary
arteries. Eur Heart J. 2016;

7. Caforio AL, Pankuweit S, Arbustini E, Basso C, Gimeno-Blanes J, Felix SB, Fu M,
Heliö T, Heymans S, Jahns R, Klingel K, Linhart A, Maisch B, McKenna W,
Mogensen J, Pinto YM, Ristic A, Schultheiss HP, Seggewiss H, Tavazzi L, Thiene
G, Yilmaz A, Charron P, Elliott PM, European Society of Cardiology Working
Group on Myocardial and Pericardial Diseases. Current state of knowledge on
aetiology, diagnosis, management, and therapy of myocarditis: a position
statement of the European Society of Cardiology Working Group on
Myocardial and Pericardial Diseases. Eur Heart J. 2013;34(33):2636–48.

8. Imazio M, Trinchero R. Myopericarditis: Etiology, management, and
prognosis. Int J Cardiol. 2008;127(1):17–26.

9. Mahrholdt H, Goedecke C, Wagner A, Meinhardt G, Athanasiadis A,
Vogelsberg H, Fritz P, Klingel K, Kandolf R, Sechtem U. Cardiovascular
magnetic resonance assessment of human myocarditis: A comparison to
histology and molecular pathology. Circulation. 2004;109:1250–8.

10. Schiller NB, Shah PM, Crawford M, DeMaria A, Devereux R, Feigenbaum H,
Gutgesell H, Reichek N, Sahn D, Schnittger I. Recommendations for quantitation
of the left ventricle by two-dimensional echocardiography. American Society of

Echocardiography Committee on Standards, Subcommittee on Quantitation of
Two-Dimensional Echocardiograms. J Am Soc Echocardiogr. 1989;2(5):358–67.

11. Punja M, Mark DG, McCoy JV, Javan R, Pines JM, Brady W.
Electrocardiographic manifestations of cardiac infectious-inflammatory
disorders. Am J Emerg Med. 2010;28(3):364–77.

12. Dec GW Jr, Waldman H, Southern J, Fallon JT, Hutter AM Jr, Palacios I. Viral
myocarditis mimicking acute myocardial infarction. J Am Coll Cardiol. 1993;
21(5):1302–3.

13. Fuenmayor AJ, Fuenmayor AM, Carrasco H, Parada H, Fuenmayor C, Jugo D.
Results of electrophysiologic studies in patients with acute chagasic
myocarditis. Clin Cardiol. 1997;20(12):1021–4.

14. Spodick DH. Arrhythmias during acute myopericarditis-a prospective study
of 100 consecutive cases. JAMA. 1976;235(1):39–41.

15. Salisbury AC, Olalla-Gómez C, Rihal CS, Bell MR, Ting HH, Casaclang-Verzosa
G, Oh JK. Frequency and predictors of urgent coronary angiography in
patients with acute pericarditis. Mayo Clin Proc. 2009;84(1):11–5.

16. Raj V, Joshi S, Pennell DJ. Cardiac magnetic resonance of acute myocarditis
in a human immunodeficiency virus patient presenting with acute chest
pain syndrome. Circulation. 2010;121(25):2777–9.

17. Nelson KH, Li T, Afonso L. Diagnostic approach and role of MRI in the
assesment of acute myocarditis. Cardiol Rev. 2009;17(1):24–30.

18. Feldman AM, McNamara D. Myocarditis. N Engl J Med. 2000;343(19):1388–98.
19. Friedrich MG, Marcotte F. Cardiac magnetic resonance assessment of

myocarditis. Circ Cardiovasc Imaging. 2013;6(5):833–9.
20. Goitein O, Matetzky S, Beinart R, Di Segni E, Hod H, Bentancur A,

Konen E. Acute myocarditis: noninvasive evaluation with cardiac MRI
and transthoracic echocardiography. AJR Am J Roentgenol. 2009;
192(1):254–8.

21. Yilmaz A, Kindermann I, Kindermann M, Mahfoud F, Ukena C, Athanasiadis
A, Hill S, Mahrholdt H, Voehringer M, Schieber M, Klingel K, Kandolf R, Böhm
M, Sechtem U. Comparative evaluation of left and right ventricular
endomyocardial biopsy. Circulation. 2010;122(9):900–9.

22. Schoen FJ. The Heart. In: Kumar V, Abbas AK, Fausto N, editors.
Robbins&Cotran Pathologic Basis of Disease. 7 th ed. Philadelphia: WB
Saunders; 2005. p. 680.

23. Hiramitsu S, Morimoto S, Kato S, Uemura A, Kubo N, Kimura K, Sugiura A,
Itoh T, Hishida H. Transient ventricular wall thickening in acute
myocarditis -a serial echocardiographic and histopathologic study. Jpn
Circ J. 2001;65(10):863–6.

24. Lynch M, O'Donnell R, Weintraub NL, López-Candales A. Assessment of
mitral annular and velocity vector imaging in acute myopericarditis.
Echocardiography. 2013;30(8):E227–30.

25. Afonso L, Hari P, Pidlaoan V, Kondur A, Jacob S, Khetarpal V. Acute
myocarditis: can novel echocardiographic techniques assist with diagnosis?
Eur J Echocardiogr. 2010;11(3):E5.

26. Escher F, Kasner M, Kühl U, Heymer J, Wilkenshoff U, Tschöpe C, Schultheiss
HP. New echocardiographic findings correlate with intramyocardial
inflammation in endomyocardial biopsies of patients with acute myocarditis
and inflammatory cardiomyopathy. Mediators Inflamm. 2013;2013:875420.

27. Adler Y, Charron P, Imazio M, Badano L, Barón-Esquivias G, Bogaert J,
Brucato A, Gueret P, Klingel K, Lionis C, Maisch B, Mayosi B, Pavie A, Ristić
AD, Sabaté Tenas M, Seferovic P, Swedberg K, Tomkowski W, Achenbach S,
Agewall S, Al-Attar N, Angel Ferrer J, Arad M, Asteggiano R, Bueno H,
Caforio AL, Carerj S, Ceconi C, Evangelista A, Flachskampf F, Giannakoulas G,
Gielen S, Habib G, Kolh P, Lambrinou E, Lancellotti P, Lazaros G, Linhart A,
Meurin P, Nieman K, Piepoli MF, Price S, Roos-Hesselink J, Roubille F,
Ruschitzka F, Sagristà Sauleda J, Sousa-Uva M, Uwe Voigt J, Luis Zamorano J,
European Society of Cardiology (ESC). 2015 ESC Guidelines for the diagnosis
and management of pericardial diseases: the Task Force for the Diagnosis
and Management of Pericardial Diseases of the European Society of
Cardiology (ESC) Endorsed by: The European Association for Cardio-Thoracic
Surgery (EACTS). Eur Heart J. 2015;36(42):2921–64.

28. Friedrich MG, Sechtem U, Schulz-Menger J, Holmvang G, Alakija P, Cooper
LT, White JA, Abdel-Aty H, Gutberlet M, Prasad S, Aletras A, Laissy JP,
Paterson I, Filipchuk NG, Kumar A, Pauschinger M, Liu P, International
Consensus Group on Cardiovascular Magnetic Resonance in Myocarditis.
Cardiovascular magnetic resonance in myocarditis: A JACC White Paper.
J Am Coll Cardiol. 2009;53(17):1475–87.

29. Ong P, Athansiadis A, Hill S, Kispert EM, Borgulya G, Klingel K, Kandolf R, Sechtem
U, Mahrholdt H. Usefulness of pericardial effusion as new diagnostic criterion for
noninvasive detection of myocarditis. Am J Cardiol. 2011;108(3):445–52.

Saricam et al. BMC Cardiovascular Disorders  (2017) 17:129 Page 6 of 6


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Echocardiographic evaluation
	Additional echocardiographic features, focal echobright, and CMR

	Statistical analysis
	Discussion
	Limitations
	Conclusions
	Abbreviations
	Acknowledgements
	Availability of data and materials
	Authors’ contributions
	Funding
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

