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ABSTRACT

Background: We recently have shown that systematic screening of patients presenting with
myocardial infarction and non-obstructive coronary artery disease (MINOCA) using cardiac
magnetic resonance imaging (CMR) led to a more than 6-fold increase of the incidence of
myocarditis in our hospital. In this study, we expanded our analysis to preceding and subsequent
years to rule out any potential temporary incidence peak in 2016.

Methods: We performed a retrospective chart review of patients presenting with angina-like
symptoms and elevated high sensitivity troponin T (TnT-hs >14ng/l) and no significant
coronary artery disease from 2011 to 2017. All patients underwent CMR to evaluate for
myocarditis. During the years 2011 to 2015, only patients with elevated TnT-hs, no significant
coronary artery disease, and moderate to high clinical likelihood of myocarditis underwent
CMR. Starting 2016 and continued in 2017, CMR was obtained in patients with the same
presentation, but independently of clinical likelihood of myocarditis.

Results: A total of 556 patients (70.5% male, 57+17 years, with an average left ventricular
ejection fraction of 51+15%) qualified for analysis. A total of 240 CMR examinations were
performed from 2011 to 2015 and 316 from 2016 to 2017. In total, myocarditis was diagnosed
in 76 of the 556 patients (13.7%). Between 2011 and 2015, the measured incidence of
myocarditis was 12.7 per 100,000 persons and increased 4.9-fold (P-value < 0.0001) between
2016 and 2017 to 62.5 per 100,000 persons.

Conclusion: A novel diagnostic screening algorithm led to an average 4.9-fold increase of the
total incidence of myocarditis during the two subsequent years. This underscores the fact that
myocarditis continues to be underdiagnosed if CMR is not systematically used in patients with

MINOCA.



ABSTRACT IN DEUTSCH

Einleitung: Wir zeigten kirzlich in einer Pilotstudie, dass systematisches Screening von
Patienten mit Myokardinfarkt und nicht stenosierender koronarer Geféasserkrankung
(MINOCA) durch Magnetresonanztomografie (MRT) zu einem mehr als 6-fachen Anstieg der
Inzidenz von Myokarditis im Jahr 2016 flihrte. In dieser Arbeit haben wir nun unsere Analyse
erweitert und dem Jahr 2016 vorausgehende als auch nachgehende Jahre eingeschlossen, um
eine mogliche temporére Inzidenzerhthung auszuschlief3en.

Methodik: Wir fihrten eine retrospektive Untersuchung der Krankenakten von Patienten
durch, welche sich mit Angina Pectoris und erhéhtem high sensitivity troponin T (TnT-hs
>14ng/1) ohne relevante Koronarstenosen von 2011 bis 2017 présentiert haben. Alle Patienten
erhielten MRT zur Evaluation auf Myokarditis. Wahrend der Jahre 2011 bis 2015 erhielten nur
Paitenten mit hohem klinischen Verdacht auf Myokarditis ein MRT. Im Jahr 2016 und 2017
erhielten alle Patienten mit Angina Pectoris, erhohtem TnT-hsm und nicht stenosierten
Koronarien ein MRT — unabhéangig vom klinischen Verdacht.

Ergebnisse: Es wurden insgesamt 556 Patienten (70.5% Manner, 5717 Jahre alt, mittlere
linksventrikulare Auswuffraktion: 51+15%) eingeschlossen. Von 2011 bis 2015 wurden 240
MRTSs durchgefiihrt und von 2016 bis 2017 waren es 316. Insgesamt wurde Myokarditis bei
76 von 556 Patienten diagnostiziert (13.7%). Von 2011 bis 2015 war die Inzidenz von
Myokarditis 12.7 pro 100,000 Personen. Die Inzidenz stieg im Jahr 2016 und 2017 auf 62.5
pro 100,000 Personen an.

Zusammenfassung: Ein neuer diagnostischer Screening Algorithmus hatte zu einer 4.9-
fachen Erhohung der Inzidenz von Myokarditis wahrend zwei aufeinanderfolgender Jahre
gefiihrt. Dieses Ergebnis bestarkt die Tatsache, dass Myokarditis weiterhin unterdiagnostiziert

wird, wenn MRT nicht systematisch bei Patienten mit MINOCA eingesetzt wird.
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INTRODUCTION

Myocarditis is a heterogeneous inflammatory heart disease presenting with a variety of
symptoms®2 and potentially poor clinical trajectory resulting in dilated cardiomyopathy
(DCM), impaired left ventricular ejection fraction (LVEF)3, malignant arrhythmias, and sudden
cardiac death (SCD).2*® While endomyocardial biopsy and cardiac magnetic resonance
imaging (CMR) are increasingly used to diagnose myocarditis>’~®, the true incidence of
myocarditis is unknown. In that regard, post mortem studies have identified myocarditis in up
to 42%>!! of cases of SCD suggesting its great epidemiological impact. Hence, a systematic

change is necessary in the way patients with myocarditis can be identified.*2

As symptoms of myocarditis can mimic myocardial infarction and lead to elevated troponin
levels®3, inflammatory cardiomyopathy is commonly found amongst patients with angina-like
symptoms, elevated high-sensitivity Troponin (TnT-hs), and unobstructed coronaries (i.e.
myocardial infarction and non-obstructive coronary artery disease [MINOCA]).}*® This
clinically challenging population often lacks specific treatment'’® and was found to have an
increased mortality.'® In patients with MINOCA, multiple underlying mechanisms have been
suspected including coronary spasm, coronary microvascular dysfunction, myocarditis,
Takotsubo syndrome (TTS), spontaneous coronary thrombosis and emboli.**?° Interestingly,
myocarditis is one of the most common underlying causes within this patient population,
ranging from 16% to 50%.2%23

While endomyocardial biopsy (EMB) remains the gold standard?*? for the diagnosis of
myocarditis, CMR has been established as a non-invasive alternative for the diagnosis of
myocarditis, when EMB is not indicated.”$3152026 |n a previous pilot study, we have shown
that the introduction of a novel diagnostic algorithm whith a low threshold for CMR at a tertiary
care center, led to a 6.3-fold increase of the incidence of myocarditis in patients presenting with

MINOCA. Furthermore, the algorithm increased the percentage of CMRs that were positive for
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myocarditis.?” In order to confirm these first results, we expanded our analysis to preceding and
subsequent years to evaluate for any potential temporary incidence peak in 2016. We
hypothesized an increased incidence of myocarditis in the time period of 2016 and 2017 with
systematic use of CMR as compared to the period of 2011 to 2015, when CMRs were performed

only if there was a moderate to high clinical suspicion of myocarditis.



MATERIAL AND METHODS

Study design

This is a retrospective single-center study investigating a new screening algorithm for
myocarditis amongst patients with MINOCA. The cohort includes patients who presented from
January 2011 to December 2017 with angina-like symptoms, elevated levels of TnT-hs (normal
range: 0-14ng/l), and nonobstructive coronary artery disease (CAD) (<50% stenosis), who
underwent CMR for further diagnostic workup. CAD was excluded using coronary
angiography by cardiac catheterization or computed tomography (CT) and CMR if pretest
probability of CAD was very low.?’

In the years 2011 to 2015, only patients with classical symptoms of myocarditis such as chest
pain, dyspnoea and palpitations after viral prodrome underwent CMR. Starting in 2016, the
threshold for CMR imaging was lowered to examine all unexplained cases of MINOCA within

30 days after first presentation to our hospital.

Outcome measurements

The primary goal of this study was to measure the incidence of myocarditis amongst patients
suffering from MINOCA by systematic CMR screening and after implementation of a new
diagnostic screening algorithm. To evaluate its impact, we compared the incidence of
myocarditis after its introduction in 2016 and 2017 with the preceding 5 years from 2011 to
2015. Secondary measures included 1) baseline characteristics of patients with MINOCA
without signs of myocarditis vs. patients suffering from myocarditis 2) Incidence of other types
of cardiomyopathies identified by CMR amongst patients with MINOCA between 2011 and

2017.



Clinical database

The clinical data was generated with the help of the electronic medical records database from
our institution. Before the analysis, all patients were anonymized and continuously numbered.
IBM SPSS Statistics version 22 and MedCalc version 18.5 were used for calculation and

analysis.

CMR examination

CMR images were generated using a 1.5 or 3.0 Tesla scanner (SiemensSkyra, Erlangen,
Germany or Phillips Achieva Best, Netherlands) with electrocardiography-gated breath-hold
protocol. Diagnosis of myocarditis was based on cine-CMR, T2-weighted imaging and T1-
weighted LGE images.?® % The latter were acquired 10 minutes after an intravenous injection
of a gadolinium-based contrast agent. The examination protocol did not change between 2011

and 2017. Values were indexed for age, gender and body surface area.>!

Statistical analysis

Descriptive statistics were used to examine clinical data. Metric scaled parameters were
described as averages with their standard deviation. Nominal scaled parameters were reported
as total numbers and as percentages of the total number of patients per year. Rare diagnoses
such as scleroderma, pericardial effusion and coronary anomalies were summarized as “others”.
Baseline characteristics of patients with myocarditis vs normal CMR findings were compared
using student T-test and Chi? Test for equality of proportions. P-value < 0.05 was considered
significant for all statistical tests.

In order to compare the detection rate for myocarditis by CMR in 2016 and 2017 vs 2011 to

2015, percentages of positive CMR findings for myocarditis for each time interval were
9



compared using Chitest. Incidence rate was calculated within the total number of patients
admitted to our institution. Incidence ratio compares the total incidence rate from 2011 to 2015

and 2016 to 2017.

RESULTS

Baseline Characteristics

A total of 556 patients, who presented from January 2011 to December 2017 with MINOCA
underwent CMR. The mean age of this group was 57 years (range: 19-92 years) with 392
(70.5%) male patients and an average LVEF of 51+15% measured by CMR (Table 1). Patterns
of myocarditis were present in 76 patients (13.7%), DCM in 34 (6.1%), ischemia during stress
in 41 (7.4%), hypertrophic cardiomyopathy (HCM) in 15 (2.7%), pericarditis in 13 (2.3%),
amyloidosis in 8 (1.4%), TTS in 7 (1.3%), sarcoidosis in 5 (0.9%), Fabry’s disease in 3 (0.5%)
and “other” diagnoses were present in 22 patients (4%). In total, 332 (59.7%) of the performed

CMRs were unremarkable (Table 2).

Comparison of Incidence in 2011-2015 vs. 2016-2017

Amongst the total 556 patients initially idenfied as MINOCA, 35 (6.3%) cases presented in
2011, 27 (4.9%) in 2012, 28 (5%) in 2013, 62 (11.2%) in 2014, 88 (15.8%) in 2015, 199 (35.8%)
in 2016 and 117 (21%) in 2017, leading to 240 (43.2%) patients enrolled during the time period
from 2011 to 2015, while during the years 2017 to 2017 it was 316 (56.8%). There was no
difference in baseline parameters such as age, gender or LVEF between these two time periods.
The average number of CMRs performed annually was 49 from 2011 to 2015 and increased to
142 from 2016 to 2017. There were significantly less annual cases of DCM (P=0.0072) from

2015 to 2016, while the average annual proportions of CMR reports that were negative for any
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pathology did not change (P= 0.25; Table 3). In total, 24 cases of myocarditis were identified
in 2011 to 2015 vs. 52 cases between 2016 and 2017 resulting in 4.8 (10%) cases of myocarditis
on average between 2011 and 2015 and 26 (16.7%) cases on average in 2016 to 2017.

There was a total of 272,688 hospitalized patients at our institution from 2011 to 2017 (37,520
in 2011, 36,484 in 2012, 36,941 in 2013, 38,896 in 2014, 39,694 in 2015, 41,121 in 2016,
42,032 in 2017). As a result, the annual incidence was 12.7 per 100,000 (CI: 0.00008-0.00019)
persons in the years 2011 to 2015 with an increase to 62.5 per 100,000 persons (Cl: 0.00047-
0.00083) in the time period of 2016 to 2017, which results in an incidence ratio of 4.9 (P-value=

<0.0001). Incidence for each year is shown in Figure 1.

Myocarditis vs. MINOCA

We identified 76 cases of myocarditis in 2011 - 2017. Patients suffering from myocarditis were
significantly younger (47+17 years vs. 58+17; P-value= 0.00000075) and more likely to be
male (81.6% vs. 68.8%; P-value= 0.023) as compared to MINOCA patients, in whom no CMR
signs of myocarditis could be detected. Average LVEF on CMR was 51+14% and did not vary

between the two groups (P-value=0.84).

DISCUSSION

In the present study, we found a remarkable increase in the incidence of myocarditis at our
institution in two subsequent years after the implementation of a systematic CMR screening
algorithm for patients suffering from MINOCA.

Recently, we reported the detection rate of myocarditis in 2015 vs 2016 after the
implementation of a novel diagnostic screening algorithm in January 2016 in a smaller study,
in which systematic screening of patients with MINOCA through CMR was performed.?’ We
were able to detect a 6.3-fold increase in the incidence of myocarditis. Given the success of this

algorithm, it was continued during the year 2017. With the current study we could verify our
11



previous results over a longer time period by comparing the number of cases of myocarditis in
2016 - 2017 diagnosed by CMR in patients suffering from MINOCA with the number of
identified cases of myocarditis in the previous years 2011 - 2015, in which the threshold for
CMR in patients with MINOCA was higher. The measured sharp 4.9-fold increase of the total
incidence of myocarditis in 2016-2017 in our hospital demonstrates the still persisting room for
improvement regarding the diagnostics of myocarditis and its potential underestimation, which
was already discussed in literature }:>1>16222327.3233 Nonetheless, the real incidence of
myocarditis remains unknown. A previous study by Karjalainen and Heikkild et al. from 1999
evaluating the incidence of myocarditis in young military recruits in Finland from 1977 - 1996
based on clinical criteria found myocarditis to have an incidence of 17 per 100000 person
years.?

In comparison to our previous study in which we only compared the years 2015 and 2016, the
percentage of positive cases of myocarditis of all CMRs performed in 2016 - 2017 did not
increase significantly (P=0.28). One possible explanation is that 2015 had the lowest percentage
of positive cases of myocarditis in CMR in our hospital resulting in an increased contrast in
comparison to 2016. All things considered, CMR screening of MINOCA patients regardless of
clinical suspicion apparently does not change the proportions of CMR findings but the greater
number of CMR scans leads to an overall higher number of pathological findings also resulting
in a higher incidence of myocarditis among the MINOCA population after 2016. Hence, it
seems that the indication for CMR based on clinical decision (as it was practiced before 2016)
has no advantage over our new algorithm, where all MINOCA patients underwent a CMR scan.
Interestingly, Pathik et al. demonstrated that the clinically suspected diagnosis by cardiologists
in patients with MINOCA changed in approximately 50% after CMR scanning, thereby
demonstrating the difficulties of correctly predicting the underlying diagnosis in patients

suffering from MINOCA 3

12



Similar to previous studies, we found myocarditis to be the most common underlying diagnosis
in patients suffering from MINOCA undergoing CMR.1>161935 |nterestingly, the percentage of
CMR scans positive for myocarditis (which reached 22.2% in 2017) was lower than previously
described in literature. For instance, Pasupathy et al. found myocarditis to present in around
33% of CMR in MINOCA patients based on 26 CMR publications.® Moreover, studies on the
diagnostic yield of CMR in MINOCA showed myocarditis to be present in 41.6 - 59.9%>16¢,
In addition, they revealed a considerably lower rate of unremarkable CMR scans with only 8-
10.3%16:3% in comparison to our study (in total 59.7%). However, we did include all CMR
scans with a clinical suspicion of myocarditis, while the before mentioned studies excluded
patients suffering from known cardiac diseases which could have led to higher concentrations

of relevant findings in their publications.

Consistent with previous studies, patients with myocarditis were significantly younger and
more frequently male than those without a diagnosis of myocarditis!** LVEF did not vary
between cases of myocarditis and non-myocarditis with a globally just mildly impaired LVEF
(51£15). Other underlying diagnoses in CMR, with the exception of DCM, did not differ
between 2011 to 2015 and 2016 to 2017. The fact that DCM was less frequent in 2016 to 2017

shows that its detection rate is not positively influenced by a systematic screening of this patient

group.

Finally, the increased rate of diagnosis of myocarditis through systematic screening of patients
with MINOCA implemented in 2016 was reproduced in the consecutive year and therefore
likely approached the true incidence of myocarditis. Moreover, the proportion of differential
diagnoses and negative scans for any pathology was not influenced through systematic CMR
screening independent of clinical suspicion. This demonstrates the difficulty of evaluating

patients with MINOCA based on clinical suspecion and emphasizes the importance of
13



systematic screening with CMR in this patient population. Importantly, the increased detection
rate of the underlying causes of MINOCA leads to a higher number of patients receiving
adequate treatment, follow-ups and cessation of strenuous exercise for 3-6 months, which is
essential in patients with myocarditis, as physical activity is suspected of triggering life

threatening arrhythmias in patients suffering from myocarditis.3>%

SUMMARY

Though clinical judgment plays an important role in the diagnostics of myocarditis, patients
suffering from MINOCA seem to be difficult to evaluate only based on clinical grounds.
Although systematic CMR screening of all cases of MINOCA regardless of their clinical pretest
probability for myocarditis reveals no change in the proportion of myocarditis in this patient
population, the absolute number of patients receiving a proper diagnosis and management
increases substantially. Therefore, we suggest a systematic use of CMR in patients with angina-

like symptoms, elevated troponin T and no significant coronary artery disease.

Limitations

This study is subject to several limitation. First, histopathological confirmation myocarditis of
was not performed, as endomyocardial biopsies are performed according to guidelines only in
cases of suspected giant cell myocarditis or fulminant heart failure and severe clinical course.*
Secondly, no prospective data of our population was collected in order to identify the true
incidence rates and outcomes. In addition, the total number of patients suffering from MINOCA
and the proportion of performed CMR investigations in this group was not evaluated in this

study.

14



REFERENCES

1. Karjalainen J, Heikkil& J. Incidence of three presentations of acute myocarditis in young men
in military service A 20-year experience. Eur Heart J 1999;20:1120-1125

2. Caforio ALP, Pankuweit S, Arbustini E, Basso C, Gimeno-Blanes J, Felix SB, Fu M, Helid
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.
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;34:2636-2648.

3. Dec GW, Palacios IF, Fallon JT, Aretz HT, Mills J, Lee DC-S, Johnson RA. Active
Myocarditis in the Spectrum of Acute Dilated Cardiomyopathies. N Engl J Med 1985;312:885—
890.

4. Corrado D, Basso C, Thiene G. Sudden cardiac death in young people with apparently normal
heart. Cardiovasc Res 2001;50:399-408.

5. Phillips M, Robinowitz M, Higgins JR, Boran KJ, Reed T, Virmani R. Sudden Cardiac Death
in Air Force Recruits. JAMA 1986;256:2696.

6. Te ALD, Wu T-C, Lin Y-J, Chen Y-Y, Chung F-P, Chang S-L, Lo L-W, Hu Y-F, Tuan T-
C, Chao T-F, Liao J-N, Chien K-L, Lin C-Y, Chang Y-T, Chen S-A. Increased risk of
ventricular tachycardia and cardiovascular death in patients with myocarditis during the long-
term follow-up: A national representative cohort from the National Health Insurance Research
Database. Medicine (Baltimore) 2017;96:e6633.

7. Magnani JW, Dec GW. Myocarditis. Circulation 2006;113:876 LP-890.

8. Baccouche H, Mahrholdt H, Meinhardt G, Merher R, Voehringer M, Hill S, Klingel K,
Kandolf R, Sechtem U, Yilmaz A. Diagnostic synergy of non-invasive cardiovascular magnetic

resonance and invasive endomyocardial biopsy in troponin-positive patients without coronary
15



artery disease. Eur Heart J 2009;30:2869-2879.

9. Gréni C, Eichhorn C, Biére L, Murthy VL, Agarwal V, Kaneko K, Cuddy S, Aghayev A,
Steigner M, Blankstein R, Jerosch-Herold M, Kwong RY. Prognostic Value of Cardiac
Magnetic Resonance Tissue Characterization in Risk Stratifying Patients With
Suspected Myocarditis. J Am Coll Cardiol 2017;70:1964-1976.

10. Friman G. The incidence and epidemiology of myocarditis. Eur Heart J 1999;20:1063—
1066.

11. Basso C, Calabrese F, Corrado D, Thiene G. Postmortem diagnosis in sudden cardiac death
victims: macroscopic, microscopic and molecular findings. Cardiovasc Res 2001;50:290-300.
12. Jessup M, Lindenfeld J. Light at the End of the Myocarditis Tunnel. JACC Hear Fail
2018;6:580-582.

13. Angelini A, Calzolari V, Calabrese F, Bova GM, Maddalena F, Chioin R, Thiene G.
Myocarditis mimicking acute myocardial infarction: role of endomyocardial biopsy in the
diVerential diagnosis.

14. Pasupathy S, Tavella R, Zeitz C, Worthley M, Sinhal A, Arstall M, Beltrame JF. Abstract
19443: Utility of Clinical Assessments in Patients Presenting With Troponin Positive Non
Obstructive Coronary Arteries (TP-NOCA). Circulation 2017;136.

15. Assomull RG, Lyne JC, Keenan N, Gulati A, Bunce NH, Davies SW, Pennell DJ, Prasad
SK. The role of cardiovascular magnetic resonance in patients presenting with chest pain, raised
troponin, and unobstructed coronary arteries. Eur Heart J 2007;28:1242-1249.

16. Leurent G, Langella B, Fougerou C, Lentz P-A, Larralde A, Bedossa M, Boulmier D, Breton
H Le. Diagnostic contributions of cardiac magnetic resonance imaging in patients presenting
with elevated troponin, acute chest pain syndrome and unobstructed coronary arteries. Arch
Cardiovasc Dis 2011;104:161-170.

17. Tavella R, Pasupathy S, Zeitz C, Worthley M, Sinhal A, Arstall M, Beltrame JF. Abstract

19361: A Comprehensive Comparison Between Myocardial Infarction With Non Obstructive
16



Coronaries (MINOCA) and Myocardial Infarct Patients With Coronary Artery Disease
(MICAD). Circulation 2017;136.

18. Maddox TM, Ho PM, Roe M, Dai D, Tsai TT, Rumsfeld JS. Utilization of Secondary
Prevention Therapies in Patients With Nonobstructive Coronary Artery Disease Identified
During Cardiac Catheterization. Circ Cardiovasc Qual Outcomes 2010;3.

19. Pasupathy S, Air T, Dreyer RP, Tavella R, Beltrame JF. Systematic Review of Patients
Presenting With Suspected Mpyocardial Infarction and Nonobstructive Coronary
ArteriesCLINICAL PERSPECTIVE. Circulation 2015;131.

20. Dastidar AG, Rodrigues JCL, Ahmed N, Baritussio A, Bucciarelli-Ducci C. The Role of
Cardiac MRI in Patients with Troponin-Positive Chest Pain and Unobstructed Coronary
Aurteries. Curr Cardiovasc Imaging Rep 2015;8:28.

21. Panovsky R, Borova J, Pleva M, Feitova V, Novotny P, Kincl V, Hole¢ek T, Meluzin J,
Sochor O, Stépanova R. The unique value of cardiovascular magnetic resonance in patients
with suspected acute coronary syndrome and culprit-free coronary angiograms. BMC
Cardiovasc Disord 2017;17:170.

22. Mahmoudi M, Harden S, Abid N, Peebles C, Nicholas Z, Jones T, McKenzie D, Curzen N.
Troponin-positive chest pain with unobstructed coronary arteries: definitive differential
diagnosis using cardiac MRI. Br J Radiol 2012;85:e461-6.

23. Gerbaud E, Harcaut E, Coste P, Erickson M, Lederlin M, Labéque JN, Perron JM, Cochet
H, Santos P Dos, Durrieu-Jais C, Laurent F, Montaudon M. Cardiac magnetic resonance
imaging for the diagnosis of patients presenting with chest pain, raised troponin, and
unobstructed coronary arteries. Int J Cardiovasc Imaging 2012;28:783-794.

24. Parrillo JE, Aretz HT, Palacios I, Fallon JT, Block PC. The results of transvenous
endomyocardial biopsy can frequently be used to diagnose myocardial diseases in patients with
idiopathic heart failure. Endomyocardial biopsies in 100 consecutive patients revealed a

substantial incidence of myocarditis. Circulation 1984;69:93-101.
17



25. Hufnagel G, Pankuweit S, Richter A, Schonian U, Maisch B. The European Study of
Epidemiology and Treatment of Cardiac Inflammatory Diseases (ESETCID). Herz
2000;25:279-285.

26. Fenoglio JJ, Ursell PC, Kellogg CF, Drusin RE, Weiss MB. Diagnosis and Classification
of Myocarditis by Endomyocardial Biopsy. N Engl J Med 1983;308:12-18.

27. Patriki D, Gresser E, Manka R, Emmert MY, Lischer TF, Heidecker B. Approximation of
the Incidence of Myocarditis by Systematic Screening With Cardiac Magnetic Resonance
Imaging. JACC Hear Fail 2018.

28. Bozkurt B, Colvin M, Cook J, Cooper LT, Deswal A, Fonarow GC, Francis GS, Lenihan
D, Lewis EF, McNamara DM, Pahl E, Vasan RS, Ramasubbu K, Rasmusson K, Towbin JA,
Yancy C. Current Diagnostic and Treatment Strategies for Specific Dilated Cardiomyopathies:
A Scientific Statement From the American Heart Association. Circulation 2016;134:e579—
£646.

29. 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 J-P, 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;53:1475-87.

30. American College of Cardiology Foundation Task Force on Expert Consensus Documents
WC, Hundley WG, Bluemke DA, Finn JP, Flamm SD, Fogel MA, Friedrich MG, Ho VB,
Jerosch-Herold M, Kramer CM, Manning WJ, Patel M, Pohost GM, Stillman AE, White RD,
Woodard PK. ACCF/ACR/AHA/NASCI/SCMR 2010 expert consensus document on
cardiovascular magnetic resonance: a report of the American College of Cardiology Foundation
Task Force on Expert Consensus Documents. Circulation 2010;121:2462-508.

31. Aquaro GD, Camastra G, Monti L, Lombardi M, Pepe A, Castelletti S, Maestrini V, Todiere

G, Masci P, Giovine G di, Barison A, Dellegrottaglie S, Perazzolo Marra M, Pontone G, Bella
18



G Di. Reference values of cardiac volumes, dimensions, and new functional parameters by MR:
A multicenter, multivendor study. J Magn Reson Imaging 2017;45:1055-1067.

32. Basso C, Carturan E, Corrado D, Thiene G. Myocarditis and dilated cardiomyopathy in
athletes: diagnosis, management, and recommendations for sport activity. Cardiol Clin
2007;25:423-9, vi.

33. Eckart RE, Scoville SL, Campbell CL, Shry EA, Stajduhar KC, Potter RN, Pearse LA,
Virmani R. Sudden death in young adults: a 25-year review of autopsies in military recruits.
Ann Intern Med 2004;141:829-34.

34. Pathik B, Raman B, Mohd Amin NH, Mahadavan D, Rajendran S, McGavigan AD, Grover
S, Smith E, Mazhar J, Bridgman C, Ganesan AN, Selvanayagam JB. Troponin-positive chest
pain with unobstructed coronary arteries: incremental diagnostic value of cardiovascular
magnetic resonance imaging. Eur Hear J — Cardiovasc Imaging 2016;17:1146-1152.

35. Patriki D.; Gresser E.; Manka R.; Emmert M.Y.; Lischer T.F.; Heidecker B. Approximation
of the Incidence of Myocarditis by Systematic Screening with Cardiac Magnetic Resonance
Imaging. JACC Heart Fail 2018;in press.

36. Emrich T, Emrich K, Abegunewardene N, Oberholzer K, Dueber C, Muenzel T, Kreitner
K-F. Cardiac MR enables diagnosis in 90% of patients with acute chest pain, elevated
biomarkers and unobstructed coronary arteries. Br J Radiol 2015;88:20150025.

37. Berg J, Kottwitz J, Baltensperger N, Kissel CK, Lovrinovic M, Mehra T, Scherff F, Schmied
C, Templin C, Luscher TF, Heidecker B, Manka R. Cardiac Magnetic Resonance Imaging in
Myocarditis Reveals Persistent Disease Activity Despite Normalization of Cardiac Enzymes
and Inflammatory Parameters at 3-Month Follow-Up. Circ Heart Fail 2017;10:e004262.

38. Anon. Correction to: Current Diagnostic and Treatment Strategies for Specific Dilated
Cardiomyopathies: A Scientific Statement From the American Heart Association. Circulation

2016;134:e652—652.

19



FIGURES

Figure 1: Incidence of myocarditis diagnosed by cardiac magnetic resonance imaging
from 2011 to 2017
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TABLES:
Table 1: Baseline parameters of patients undergoing CMR in years 2011-2017

Year 2011 2012 2013 2014 2015 2016 2017  Total
Total n=35 n=27 n=28 n=62 n=88 n=199 n=117 n=556
number of

patients

Male 26(74.3) 18 22 36 71 139 80 392
gender, (66.7) (78.6) (58.1) (80.7) (69.8) (68.4) (70.5)
n(%)

Mean age, 54+16 56+17 55415 52417 6615 60+16 49+18 5717
% (+3)

Mean 45+19 52+18 56415 52+15 48+15 51+13 54+14 51415
LVEF, %

()

Abbreviations: LVEF=Left ventricular ejection fraction

Table 2: Diagnoses based on cardiac magnetic resonance imaging in years 2011 to 2017

Year 2011 2012 2013 2014 2015 2016 2017 Total
Total n=35 n=27 n=28 n=62 n=88 n=199 n=117 n=556
CMRs

performed

Normal 18 13(48.1 14(50) 43(69.4 68(77.3 110(55.3 66(56.4 332(59.7
heart,n (%)  (51.4) ) ) ) ) ) )

Myocarditis,n  6(17. 4(14.8) 5(17.8 5(8.1) 4(45) 26(13.1) 26(22.2 76(13.7)
(%) 1) ) )

Ischaemia, 1(29) 1(3.7) 1(3.6) 1(1.6) 8(9.1) 26(13.1) 3(2.6) 41(7.4)
n (%)

Pericarditis, 0(0)  0(0) 1(3.6) 2(3.2) 0(0) 4(2) 6(5.1) 13(2.3)
n (%)

Amyloidosis, 1(2.9) 0(0) 0(0) 1(1.6) 1(1.1) 2(1) 3(2.6) 8(1.4)
n (%)

Sarcoidosis,n  1(2.9) 0(0) 0(0) 0(0) 1(1.1) 1(0.5) 2(1.7)  5(0.9)
(%)

Fabry’s 0(0) 1(3.7) 0(0) 0(0) 1(1.1) 1(0.5) 0(0) 3(0.5)
disease, n (%)

TTS, n (%) 0(0)  0(0) 1(3.6) 0(0) 0(0) 4(2) 2(L.7) 7(1.3)

DCM,n (%) 6(17. 6(22.3) 6214 9(145) 00)  1(05)  6(.1) 34(6.1)

1) )
HCM,n (%) 2(5.7) 2(74) 00) 00)  2(2.3) 945  00)  15(2.7)

Others,n (%) 0(0) 0(0)  0(0) 1(1.6) 3(3.4) 15(7.5) 3(26) 22(4)

Abbreviations: TTS= Takotsubo syndrome, DCM-=dilated cardiomyopathy, HCM=

hypertrophic cardiomyopathy

21



Table 3: Diagnoses based on cardiac magnetic resonance imaging in 2011 to 2015 vs. 2016

to 2017

Year 2011-2015 2016-2017 P-value for Chi?
equality of
proportions

Average CMRs Total:240 Total:317

Performed per year H=48 M =158

Normal heart, pu(%) 31.2(65) 88(55.7) 0.25

Myocarditis, (%) 4.8(10) 26(16.4) 0.28

Ischaemia, (%) 2.4(5) 14.5(9.2) 0.35

Pericarditis, (%) 0.6(1.3) 5(3.2) 0.48

Amyloidosis, (%) 0.6(1.3) 2.5(1.6) 0.88

Sarcoidosis, (%) 0.4(0.8) 1.5(0.9) 0.95

Fabry’s disease, u(%) 0.4(0.8) 0.5(0.3) 0.64

TTS, u(%) 0.2(0.4) 3(1.9) 0.46

DCM, u(%) 5.4(11.2) 3.5(2.2) 0.0072

HCM, u(%) 1.2(2.5) 4.5(2.9) 0.97

Others, W (%) 0.8(1.7) 9(5.7) 0.26

Abbreviations: TTS=Takotsubo syndrome, DCM=dilated cardiomyopathy, HCM=

hypertrophic cardiomyopathy
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